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| NTRODUCTI ON

Thi s docunent provides guidance in the nethods,
procedures, policies, and criteria that nust be foll owed, 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
docunment on the practice of hydraulic engineering, and the
desi gner must reference other materials and use good judgnent
inits application to ensure that the design is conplete and
appropriate for the site. The AASHTO Hi ghway Drai nage
Gui delines (1)and Model Drainage Manual (2)are recommended as
primary references for drainage 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 nethods, procedures and
criteria presented in this guideline nust be foll owed unless
approval for variance is given by the State Hydraulics Engi neer
or his del egated representati ve.

Al'l referenced design forms, reports and check lists are
to be conpleted and included with the Hydraulics Design
Package. The Hydraulic Design Docunentation Summary Sheet
(Appendix Item A) is to front the design package and nust
include the seal of the engineer perform ng or directly
responsi ble for the work. All Bridge and Cul vert Survey and
Hydraul i c Design Reports will be individually seal ed by the
responsi bl e engi neer.

Addi ti onal docunents required for inplenmentation of
procedures, or suggested as further informational resources,
are noted as references within the guideline text and listed
in the reference section.
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1. GENERAL DRAI NAGE POLI CI ES AND PRACTI CES

North Carolina | ong adhered to the Civil Law Rule in
regard to surface water drainage. This rule obligates owners
of lower land to receive the natural flow of surface water from
hi gher lands. It subjects a |andowner to liability whenever he
interferes with the natural flow of surface waters to the
detriment of another in the use and enjoynent of his | and.
Since al nost any use of |and involves sone change in drainage
and water flow, a strict application of the civil |aw
principles was inpracticable 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 Rule
of Reasonable Use with respect to surface water drainage and
abandoned the Civil Law Rule (Pendergrast V. Aiken) in August
1977. The adopted Reasonable Use Rule allows each | andowner to
make reasonabl e use of his |and even though by doing so, he
alters in some way the flow of surface water thereby harm ng
ot her | andowners, liability being incurred only when this
harnful interference is found to be unreasonabl e and causes
subst anti 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 rule is in |line
with the realities of nodern |ife and will provide just, fair
and consistent treatment. Therefore, the policies and
practices of the Division of Hi ghways in regard to surface
drai nage matters follow this rule.

ENG NEER' S RESPONSI BI LI TY

The Reasonabl e Use Rul e pl aces responsibility on the
"l andowner™ to make reasonable use of his land. While
"reasonabl e use" is open for interpretation on a case by case
basis, it would certainly infer from an engi neering standpoi nt
that provisions for, and treatnments of, surface waters on the
property are made in accordance with sound, reasonable and
accept abl e engi neering practices. Therefore, the Engi neer must
see that these principles are reflected in the design process.

The rule also states that liability incurs only when
harnful interference with the surface water is found to be
unreasonabl e and causes substantial damage. Therefore, it is
i ncunbent on the Engineer 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
reasonabl e | evel s.
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These types of engineering practices, considerations and
their proper docunentation are contained in these Hi ghway
Dr ai nage CGui delines, as well as in other referenced materials.

The follow ng are general drainage policies and practices
of the North Carolina Division of H ghways involving both
desi gn and mmi ntenance activities.

AUGMVENTATI ON, ACCELERATI ON

Devel opment of property can cause an increase in the
guantity and peak rate of flow by increasing inpervious areas
and providing nore hydraulically efficient channels and
overland flow. It is the policy of the Division of H ghways to
devel op and nake reason- able use of its |ands and rights-of -
way t hrough sound, reasonabl e and acceptabl e engi neering
practices and to deny responsibility for augnented or
accelerated fl ow caused by its inmprovenents unl ess determ ned
to cause unreasonabl e and substantial damages. It is |ikew se
the policy of the Division of H ghways to expect this sane
practice and acceptance of responsibility by other property
owners and those engaged in the devel opnment of these
properties.

DI VERSI ONS

Di versions are defined as the act of altering the path of
surface waters from one drainage outlet to another. It is the
policy of the Division of Hi ghways to design and maintain its
road systenms, so that no diversions are created thereby,
insofar as is practicable from good engi neering practice.

Any person(s) desiring to create a diversion into any
hi ghway rights-of-way shall do so only after receiving witten
perm ssion. This perm ssion will be granted only after it has
been determ ned that the additional flow can be properly
handl ed wi t hout danmage to the highway, that the cost for any
required adjustnments to the highway systemw ||l be borne by the
requester, and that appropriate consideration and neasures have
been taken to indemify and save harm ess the Division of
Hi ghways from potential downstream damage clainms. It is
Di vi si on of Hi ghways policy not to becone a party to diversions
unl ess refusal would create a consi derable and real hardship to
t he requesting party.

| MPROVEMENTS 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 nt ai ned at a functioning | evel such that they do not present
an unreasonabl e | evel of damage potential for the highway or
adj acent properties.

Where the elevation of the flowline of an existing
cul vert under a highway is not | ow enough to adequately provide
for natural drainage, the Division of H ghways will assume full
responsibility for lowering the culvert or otherw se provide
needed i nprovenent.
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Where a requested culvert invert adjustment is a result of
roperty owner lowering the flowline of the inlet and outl et
ch in order to inprove drainage of his property, the
I

a
di
f owi ng consi derations shall be given to the action taken:

Y

t

ol
The | owered drain nmust have a reasonabl e expectancy of
bei ng functional and mai ntai nabl e.

Di vi si on of Hi ghways participation (up to full cost)
must be based on benefit gained by the roadway drai nage
systemas a result of the |owering.

Where the new installation is of doubtful, or no benefit
to hi ghway drainage, the requesting party nust bear the
entire cost of installation.

Where the size of an existing highway culvert is
determ ned to be of unacceptabl e adequacy in regard to the
roadway system functioning as a result of a general overal
devel opnent of the watershed, it is the Division of H ghways'
responsibility to replace the structure or otherw se take
appropriate action.

Where this same cul vert inadequacy is the result of a
single action or developnent, it is felt to fall within the
real m of "unreasonabl e and substantially damagi ng" under the
St ate adopted drainage ruling. Therefore, the party
responsi ble for the action or devel opment shoul d bear the cost
of replacenent.

Where a new cul vert crossing is requested, if the culvert
is required for proper highway drainage or sufficient benefits
to the highway drai nage system would occur, the full cost wll
be borne by the Division of H ghways providing there is no
di version of flow involved. Where the new installation is of
doubtful or no benefit to highway drai nage, the property owner
will bear the entire cost. \When both parties receive benefit,
a joint effort may be negoti at ed.

Est abl i shed cul vert crossings will be naintained and
requests to elimnate any culvert should have the approval of
the State Hydraulics Engi neer.

When new private drives are constructed entering the
hi ghway, the property owner can furnish, delivered to the site,
t he amount, type and size pipe designated by the Division of
Hi ghways, to be installed by maintenance forces.

No alteration, attachnent, extension, nor addition of

appurtenance to any culvert shall be all owed on highway rights-
of - way without witten perm ssion.
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| MPROVEMENTS AND MAI NTENANCE OF DRAI NAGE OUTSI DE THE RI GHT- OF-
WAY

While it is the responsibility of the Division of H ghways
to
provi de for adequate drainage for constructing and mai ntai ni ng
t he
State H ghway System it is not its policy nor responsibility
to provide inproved drainage for the general area traversed by
such roads, unless incidental to the drainage of the road or
hi ghway 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 to
warrant the cost. These benefits would be in such areas
as reduction in roadway fl ood frequency or extent,
facilitation of maintenance, or a reduction in potenti al
danages.

Wrk is required to correct a problem or condition
created by sone action of the Division of H ghways.

It is not the responsibility of the Division of H ghways
to elimnate flooding on private property that is not
attributable to acts of the agency or its representative.

In general, outlet ditches will be maintained for a
sufficient distance below the road to provi de adequat e drai nage
therefore. On large outlets serving considerabl e areas outside
the right-of-way, the maintenance should be 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 the Division of Hi ghways to pipe
inlet or outlet drains, natural or artificial, outside the
ri ght- of-way, which existed as open drains prior to existence
of the highway. Where the property owner wi shes to encl ose an
inlet or outlet, the Division of H ghways may install the pipe
adj acent to the right-of-way if justified by reason of reduced
mai nt enance, safety or aesthetics if the pipe is furnished at
the site by the property owner. This does not apply to the
devel opnent of commercial property.

OBSTRUCTI ONS

It is the policy of the Division of H ghways that when a
drain is blocked bel ow t he hi ghway, which is detrinmental to
hi ghway drainage, if fromnatural causes, the Division of
Hi ghways will take necessary nmeasures to renove the bl ock or
obstruction. Were the block is caused by wongful acts of
others, it is the policy of the Division of H ghways to take
what ever recourse deened advi sabl e and necessary to cause the
party responsible to renove the block. Were a block occurs
downstream of a hi ghway, whether natural or artificial, and is
of no consequence to the Division of H ghways, it is the policy
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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
poi nt where there is no natural drain or existing ditch, a
per manent drai nage easenent is required to allow construction
of a ditch or channel to convey the discharge to an acceptable
natural outlet. When the discharge is into a natural drain or
existing ditch and the increase in flow would exceed the
capacity or otherwi se create a problem a tenporary drai nage
easenment can be obtained to allow enlarging or otherw se
i nproving the drain to a point where the increase discharge
wi |l not cause damage.

It is generally preferable that any structural feature
such as a drop inlet, catch basin, or pipe-end be contained
within a permnent easenent.

DAMS AND | MPOUNDMENTS

It is the policy of the Division of H ghways to di scourage
the | ocation of roadways on dans due to the increase in
potential for long term mai ntenance and repl acenment cost. In
t hose instances where a defined advantage nay be gained or a
substantial savings in funds nay be realized, the use of a dam
for a roadway nay be favorably consi dered.

Where it is determned that a damwill be utilized as a
roadway the following criteria must be net:

It must have approval certification from DENR pursuant
to the State Dam Safety Law of 1967, when applicable.
All pertinent data regarding the design of the
enmbankment and i npoundment structure must be presented
to the DOT for review

Top section of the dam nust be equal to the approach
roadway section wi dth (shoul der to shoul der) plus a

m ni mum of 4 feet.

Guardrail is required on the inpoundnment side of the
roadway.
The spillway will be designed to provide a m ni num

freeboard at the roadway shoul der of 2 feet for a 50-
year inmpoundnent |evel.
Means of draining the | ake conpletely will be provided.

Desi gn acceptance or approval by the Division of H ghways
is limted to the use of the damas a roadway only, and is in
no way i ntended as approval of the embankment as an i nmpoundnent
structure.
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Responsibility incurred by the Division of H ghways when a
section of roadway crosses a damis accepted as a part of the
state mai ntenance systemis limted to mai ntenance of the
roadway for hi ghway purposes from shoul der to shoul der only.
Responsibility for the i1Inmpoundment, 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 inpoundment
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.

| mpoundment of water on highway rights-of-way may be
al | owed under the followi ng criteri a:

The i mpoundment does not adversely affect the rights-of-
way for highway purposes.

Adjustnments as required (ex. flattening slopes, rip rap
sl ope protection, structure nodifications, etc.) shal

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 maintenance, responsibility for the
drai nage system discharge pattern and outlet |ocations is as
it exist at the tinme of acceptance and is limted to the
ri ghts-of-way.

| nformati on on design, review and approval requirenments is

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

Prior to commencing 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 collected and reviewed to determ ne what additi onal
information is required during the field reconnai ssance and
survey stage. At this tinme, |ocal highway maintenance
personnel are to be contacted for their input on problem areas
and ot her pertinent information. Specific nethods, procedures
and criteria are al so addressed at this stage. Unit design
engi neers are to conplete this phase with a "pre-design review
neeting” with their project engineer. Private engineering firns
are to hold this nmeeting with the unit's project engineer
responsi bl e for consultant coordination. The unit or private
project engineer is to prepare a draft listing of topics and
information for discussion at the neeting. He is to add to
t his docunentation, actions and decisions agreed to at the
review neeting resulting in a summary document for inclusion in
the final project report. The section of the "Check List for
Dr ai nage Study and Hydraulic Design" - Appendix Item B,
identified as Prior to Field Survey is to be conpleted and
approved at this 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
t he Locations Units’ “Hydraulic Survey Cuidelines”. For
specialty or unusual projects the Location Engi neer wll
coordinate with the Hydraulics Unit to identify data
requi renents during the initial stage of the survey. The
hydraul i cs engi neer 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 comencing detailed design is a requirenent of
the engineer with primary responsibility for the drai nage
study. The purpose of this field trip in addition to obtaining
suppl enental survey data is to:

visually acquai nt the designer with conditions and
constraints of the site

verify data obtained from other sources

identify ponds, |akes, reservoirs and ot her storage
areas which affect discharge rates

review exi sting drainage features and obtain information
on perfornmance

review potential outlet channels for performnce and
adequacy

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

review contributing watershed characteristics

review and obtain design information on environment al
areas of concern such as wetl ands and special fishery
streans (State GIS mapping is a good resource)

obtain details of size, location, length, material type
and condition of existing drainage structures. Wen
exi sting box culverts are to be extended, top slab and
center wall thickness nust be obtained.

obtain historical flood and other stream fl ow
i nformati on such as:(al so see channel data collection,
Section | X

maxi mrum 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 tine of closure
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descriptive photographs of site
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exanpl es of additional survey data and suppl enment al
t opogr aphi cal information:

el evati ons of flooding

el evation of up and down stream features which
could control the design such as buil dings, roads,
yards, fields and other drainage structures

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

fl1 oodpl ai n and channel cross-sections for backwater
anal ysi s and channel realignnments

devel opnent and cover in floodplain for

determ nation of flow resistance and distribution.
CGeneral description of stream bed and bank
materials (clay, silt, sand, gravel, cobble, rock).
| f extensive rock is visible explore extent by
probi ng on cul vert size streans for possible

footi ng.

| ocate areas where berm ditches are needed.

Additionally for urban sections:

Locate and obtain elevations of |ow areas back of
proposed curb for special pickups

Locate small inflow systens such as roof and
basenment drai ns.

Revi ew and obtain the follow ng type information for use
in bridge scour anal ysis:

Description of floodplain and channel nmaterial. |If
sand or silt, is it fine, mediumor coarse?

Cbserve existing structure for evidence of scour
and condition around footings and supports.

Verify or obtain channel cross-sections under
bridge and at locations at |east two bridge | engths
up and down stream

El evati on and | ocati on of deepest point in channel.
If visible, note type and condition of existing

f oundat i on.

Revi ew site conditions and obtain precise limts and
classification of wetlands and jurisdictional streans
for permt application.

Al'l pertinent data and facts gathered through this field
reconnai ssance and survey are to be docunented on work plans,
field notes or other forms suitable for submttal with the
final project report. The section of the "Check List for
Dr ai nage Study and Hydraulic Design" - Appendix Item B,
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 plan devel opnent and data supply. It is now conmon
to utilize electronically gathered data supplied on terrain
model s, CADD drafting and automated desi gn packages such as
GEOPAK. Even with these advanced tools available to the

engi neer the basic drainage plan devel opnent 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 | ayout of

t he proposed drai nage features. The sequence of devel opnent of
t hese plans should be as foll ows:

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

(2) Note all existing drainage divides, flow directions,
di tches, channels, etc.

(3) Confirmand add information addressing utilities that may
af fect drai nage features.

(4) Plot any special ditches or other topographical features
identified during field surveys and not included on the
pl ans.

(5) Make notes of design controls identified during data
collection and field survey stage.

(6) Determ ne and evaluate the patterns of surface flow as
af fected and devel oped by the project construction. (Note
flow direction and concentrations as needed for clarity in
red).

(7) Develop a schene and | ayout of drainage features (bridges,
box cul verts, pipes, stormdrai nage systens, ditches,
channels, etc.) to properly convey surface flow wthin and

adjacent to the project. Note these features on the plans
in red.
(8) Utilizing procedures presented in the follow ng section of

t hese guidelines, performthe design studies required to
detail each drainage feature (type, size, |ocation
material, etc.).

13 9/99



(9) Docunentation of the design detail of each individual
feature will be provided as directed in the rel ated
section of the guideline. A short summary of information
relating to each feature shall be noted on these work
pl ans and consist of the following as a m ni nrum

| ocation by station, skew or other descriptive detail
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) Pl ot storm drainage system profiles including:
pi pe and inlet inverts
utility crossings

hydraulic grade line (water surface profile)

(11) Note all special channel and ditch detailing including
speci al grades and permanent |ining requirenents.
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VI . HYDROLOGY

The hydrol ogi cal anal ysis phase involves the determ nation
of discharge rates and/or volunmes of runoff that the drainage
facilities will be required to convey or control. Many
hydr ol ogi cal nethods are avail abl e and nost can be
appropriately and effectively used under proper control and
application. Particular nethods recomended for highway
drai nage studies and circunstances for their use are |listed
bel ow. When the site involves a FEMA fl ood study area,

di scharge nethods and val ues provided in the report will take
precedent over these nethods for determ ning conpliance with
the regulation. The results from any hydrol ogi ¢ procedure
shoul d be conpared to historical site information and
adjustnments made in the values estimted or procedure used when
deenmed appropriate. The desi gner nust al so consider potenti al
future I and use changes within a watershed over the life of a
roadway structure and include this effect when estimating

desi gn di schar ges.

METHODS

Rural Watersheds - > 1 nmi? The procedures and val ues presented
Peak Di scharge in U S. Geological Survey, Water Resources
| nvesti gati on Report 99-4114 (4), shal

apply.

< 1m ? The hydrol ogi cal procedure and

charts presented in Appendix C, N C
Di vi si on of Hi ghways Hydrol ogi c Charts-
1973, (C200.1 and

C200. 2) shall be used.

Urban Watersheds - < 10 acres |If watershed is primarily
Peak Di scharges conposed of pavenent, grassed shoul ders and
sl opes, and/or other m xed surface type

runof f,
use rational formnmula for discharge
determ nation. |If predom nately residenti al
type devel opnent with natural drainage
channel s, use Hi ghway Charts C200.1 and
C200. 3.

> 10 acres < 100 Use Hi ghway drainage 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 recomended.

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 Engineer. This item should be
addressed in the pre-desi gn neeting.

> 100 acres Use the procedure presented in

u. S.
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Ceol ogi cal Survey Water Resource
| nvestigation
Report 96-4084(5).
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Vol unme of Fl ow The procedures presented in U S. Geol ogi cal
Survey Report 96-4085(6) for devel oping a
runof f hydrograph can be utilized to
determ ne flow vol une. For estimating

pur poses 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.G S. Water Resources Investigations Report 99-4114"

Two regional analysis nmethods are presented in this report.

The first enploys the traditional regional regression equations
that are presented in Table 5, page 11. The second is the
region-of -influence nmethod that nust be devel oped through the
use of a conputer software program due to the conplexity of the
conputations. This program provides both the regional
regressi on and regi on-of -influence solutions, allow ng the

engi neer to conpare and select a design value. This conputer
sof tware package is available at the NC USGS hone page on the
internet. For gaged sites, the discharge estimate is to be
determ ned by weighting the regional and station estimtes (See
Equation 7, Page 15). For sites on gaged stream and having a
drai nage area within 50% (0.5 to 1.5)of the gage site, the

di scharge estimate is to be transferred fromthe gage in
accordance to Equation 8 and 9, Page 16.

"Hi ghway Charts” (Appendi x C)

The rural areas charts C200.1 and C200.2 are to be used within
the limts previously noted. The procedure for use is as
fol |l ows:

(1) From Chart C200.1 determ ne the hydrol ogi c contour by

| ocation of the structure site. Interpolate to 0.5 contour
i nterval .
(2) Det er m ne: Drai nage area (acres or m?)

Wat er shed shape factor (A/ L?
Percent forested cover

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

(4) For discharges other than 0, apply frequency
adj ust mrent factors shown on chart.

(5) Enter charts C200.4 and C200.5 to detern ne adjust nent
factors to be applied to above values for percent forested
cover and wat ershed shape.
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NOTE: The forested cover value can be used to reduce
di scharge only when the watershed is
nmount ai nous, wetl ands, or a designated preserve
area where clearing is very unlikely.

The nultiple 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 follows:

(1) Fromchart C200.1 deternm ne the hydraulic contour to
t he
nearest 0.5 interval.

(2) Determne the type and relative density of
devel opnent .
This should be a projection of conditions based on
potential future devel opnent over the life of the
structure. The devel opnent types as noted on the
chart
are:

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

- Average Devel opnent; Small lots < 0.5 acres or
m xture of residential and sone small business

- Large Area Full Business; Area > 75 acres, no
nore than 50% I npervi ous cover or extensive storm
dr ai nage systens

- Small Area Full Business; Area < 75 acres no
nore than 50% I npervi ous cover or extensive storm
dr ai nage systens

(3) Enter chart C200.3 with drainage area and hydraulic
contour and read discharge.

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

(5) For discharges other than QLO, apply frequency
adj ust mrent factors shown on chart.

"Rati onal Fornul a"

The ratlonal formula estimates the peak rate of runoff (Q

in ft®s as a function of drainage area (A), in acres

runoff coefficient (C), and nean rainfall |ntensity (1)
inin/h for a duration equal to the tinme of concentration (t¢),
the time required for water to flow fromthe nost
hydraulically renmote point of the basin to the |ocation of

anal ysi s.

Q=CA

Use limtations are noted previously in the guidelines. For
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expanded di scussion of the rational formula see "FHWA,
Hydraul i c
Engi neering Circular No. 22"(7)
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Some specific criteria are:

A

10 +/- acres maxi num (When the wat ershed for

continuous stormdrain systemis greater

t han
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 for
ot her points. The Hydrain program w ||
provi de
val ues based on | atitude and | ongitude
| ocati on.

C = Use a weighted value = C A /A

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

TABLE 4-2
TYPE OF SURFACE C
Pavement 0.7-09
Grave surfaces 0.4-0.6
Grassed, steep dopes 0.3-04
Grassed, flat dopes 0.2-0.3
Woods 0.1-0.2

Time of concentration (t;) - Use Kinematics wave
equation for overland flow tine. See page 3-8,
Hydr aul i ¢ Engi neering Circul ar No. 22, (6).
Mninmumt, - 10 m n.

USGS Report 964084 “Estimation of Flood-Frequency
Characteristics of Small Urban Streans in North Carolina”

Ur ban regression equations are provided on page 14 of this
reference. Details are provided on page 17 for use of the
equati ons.

"Snyders Synthetic Unit Hydrograph"

This procedure can be utilized to devel op a design
hydr ogr aph
associated with a peak flow. It can be performed with or
wi t hout precipitation and surface runoff data. It provides a
gr aphi cal depiction of runoff as a function of tinme as well as
an estimate of runoff volunme. FHWA, Hydraulic Design Series
No. 2(8) and No. 22(7), are reference sources for detailed
direction in this procedure. The Hydrain conmputer program al so
includes this design alternate.
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“Triangul ar Hydrograph Storage Estinmate Method”

Devel op infl ow

1. Determ ne peak di scharge Q
2. Estimate tinme of concentration Tc
3. Calculate time to peak Tc + 0.6Tc(hrs.)
Tp

4. Calculate total time Tp x 3 T
5. Cal cul ate average

di schar ge 0.33Qp Qa
6. Calculate total runoff

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

Det erm ne outfl ow
1. Determ ne avail abl e storage (acre-feet)

2. Cal cul ate net runoff Q - s
3. Cal cul ate average outfl ow MM x 12/ T= (cfs) Qao
4. Cal cul ate peak outfl ow 2 x Qao

Qpo

ANALYSI S PROCESS

The overall hydrologic analysis for a project begins with
revi ew and extrapol ati on of pertinent information from data
sources identified during the pre-design study. Final
determ nation of sources of watershed areas and base nmappi ng
for drainage area delineation are also made at this tine.
Primary resources for this information are:

U S.GS. and T.V.A quadrangl e mapping

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

Sel ected sites on Streanms in North Carolina"

Phot ogramretri c contour mappi ng

Aeri al phot ography

Speci al studies (Corps, TVA FEMA)

Field reconnai ssance (This is required for nost

non-riverine drainage areas in the coastal plain as
well as any small watersheds in other areas.)

The selection of a "design discharge"” for a drainage
feature is a risk based assessnment process involving the
eval uati on of a range of flood magnitudes for such factors as
potential danmages, costs, traffic service, environnenta
i npact, and flood plain managenment criteria, to determ ne an
appropri ate and acceptable structure for each site. One
specific criterion on which the design is eval uated and
generally referred to as the "design discharge" is the flood
| evel and frequency which results in inundation of the
travelway. Table 4-3 relates desirable mninmum | evel s of
protection fromtravel way i nundation to roadway cl assification.
Variation fromthese m nimum desi gn | evel s nust
be justified through the assessment process and appropriately
docunment ed. \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 (Mgor, City thoroughfare) 50 year
Secondary 25 year

The hydrol ogi ¢ anal ysis process for a specific drainage
feature is acconplished as an integral part of the hydraulic
sizing and performance analysis. Specific discharge criteria
and conput ati onal needs are addressed in further sections of
this guideline for each particul ar drai nage feature.
Docunent ati on of the hydrologic data is included with the
hydraul i ¢ desi gn.

The follow ng general guidance shall be used to determ ne
when it is appropriate to consider the overtopping flood and
the limts used in defining the data. This nust be applied
with good judgnment and consi dered on the particular nmerits of
each crossing anal ysis.

(1) Where overtopping is not practicable and woul d

require

fl ood magni tude greater than state of the art
capability

to estimate frequency (500+ year flood), a statenment

simlar to the follow ng should be noted on the survey

report "overtopping flood is greater than 500+

year

event".

(2) An approximte frequency of occurrence nust be
establi shed for the overtopping discharge. The
foll owing frequency designation will be used:

(a) If within 5% of the 200 or 500-year esti mated
di scharge, list as 200-year +/- or 500-year +/-.

(b) If greater than 100-year flood but not within 5%

of
200-year, list as 100-year +.
(c) If 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 neeri ng approach that involves data collection, hydrol ogic
anal ysis, fornmulation of alternatives, evaluation and sel ection
of the "best" alternative according to established criteria,
and docunentation of the final design. The design process
provi ded herein will not attenpt to address all situations or
all areas of know edge and experience the engi neer should
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 del i nes”
(1), and the FHWA fl oodplain policy statenent in FAP-Gui de, 23
CFR 650A (9). The design procedure presented herein wl
insure a systematic process that will adequately address nopst
crossing situations. It will also help to identify conditions
and situations requiring special study and/ or consideration.

Desi gn 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 riverine
crossings. However, there are major differences in the
hydr ol ogi ¢ and hydraulic analysis phases. The engineer is
referenced to the basic tidal prismprocedure contained in HEC
18(12), as well as nore detailed one and two di nensional tidal
crossing nodels presented in, Tidal Hydraulic Mdeling for
Bri dges(13).

(1) DATA COLLECTI ON

| nformati on gathered during the pre-design study and
field survey is to be assenbled for the study site.
This process will include:

(a) Review of the prelimnary design and assessnent
report (Appendi x D)

(b) Plotting of a plan and profile view of the
t opogr aphi cal features for the crossing on the
Bri dge Survey and Hydraulic Design Report
(Appendi x E)

The drawi ng scale shall be 1 in.= 50 ft.
horizontal,1 in.= 10 ft. vertical with existing
manmade features shown with dashed lines . A

| ar ger
sheet may be used if required for w de

f1 oodpl ai n.
It nmust be trimed and folded to fit within the

Survey Report.

I nformation to be included on the profile view
- Centerline profile of the floodplain
- Historical flood data (high water

el evati ons, date of occurrence, and esti mted
frequency)
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- Show existing features (utilities, drainage
structures, and crown grade profile of
exi sting hi ghway)
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bui | di ngs

and

stream

of

etc.)

(2)

desi gns

- control elevations such as existing

- Water surface elevation at date of survey
"normal " water surface el evation

| nformati on to be shown on plan view

- Natural features (limts of fl oodplain,
channel showi ng base and top of bank, type
veget ative cover in floodplain, stream
classification)

- Existing man-nade features in floodplain
(buil di ngs, houses, highways, utilities,

HYDROLOGI C ANALYSI S

Thi s phase involves the devel opnent of a nunber of
di scharges on which the perfornmance of alternate

will be evaluated. This entails:
(a) Determ nation of a drainage area for the site

(b) Devel oping discharge quantities for a range of
floods to be studied. This shall include as a
M ni munt

Q, Quo, Qs o, Quoo, Q overtopping

(existing roadway), Q overtopping (proposed
roadway)

(c) If acrossing is in a FEMA Regul ated Fl ood
| nsurance Program site where a detail study has

been perforned, the study discharges will be used
to evaluate conformty of the project to fl ood
zone regulations. If an error is found in the

FEMA hydrol ogical data or if there is

consi der abl e

st andard

(3)

di sagreenent in the data and results from

hydr ol ogi cal procedures presented in this
gui deline, a specific course of action shall be
devel oped and approved by the Revi ewi ng Engi neer.

(d) Docunent the hydrol ogic analysis portion of the
Bri dge Survey and Hydraulic Design Reports.

FORMULATI ON OF ALTERNATI VES
This and the next phase, Alternative Eval uation and
Sel ection, is generally an iterative process through

whi ch a hydraulic analysis is performed for one or
nore alternatives, the results are eval uated,
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adj ustnments are made and further alternatives
devel oped

until the "best" alternative is selected. This

hydraulic analysis of alternatives will be
accompl i shed

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

26 9/99



utilization of the HEC-2 when an existing
detailed flood study crossing is involved. FHWA-
WEPRO i s anot her acceptabl 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 di scharge
shal | be made under existing conditions and a
conpari son made to at | east one historica
occurrence.

Adj ustment shall be nade to calibrate the nodel

a "best" or "reasonable" fit to the historical
dat a.

FHWA " Gui del i ne for Sel ecting Manning's Roughness
Coefficients for Channels and Flood Pl ains" (9),
shoul d be referenced for roughness factor

sel ecti on.

A profile plot of the adjusted nodel including

hi storical data shall be provided.

Alternate structures and grade configurations can
now be entered for hydraulic output devel opment.

(4) EVALUATI ON AND SELECTI ON

The selection of a "best"” alternative is acconplished

conpari son of the study results and considerations to
acceptable limtations and controls. These

are prescribed by general and specific criteria.

CGeneral criteria on which the design alternatives nust
be judged are:

(b)

(c)

(d)
to

(e)

(f)
t he

(9)
by
l[imtations
damage -
to
uni que -

Backwater will not significantly increase flood
danage to property upstream of the crossing.
Vel ocities through the structure(s) will not

the highway facility or unduly increase danages

adj acent property.

Existing 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 di sruption of ecosystenms and val ues

to the floodplain and stream
Cost for construction, nmaintenance and operati on,
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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 with the intent of the
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standards and criteria of the National Flood
| nsurance Program

Specific criteria on which the design alternate nust

be

j udged:

(a)

for

(b)

for

The

regul ati on,

t he

accommodat e
fl ood

el evati on.

(c)

Desi gn di scharge

This is the specific return period flood that has
been established as being an acceptable |evel for
roadway overtopping. When roadway overtopping is
not involved, it will be the | evel of flood used
for establishment of freeboard and/or backwater
limtations. See Table 4-3, chapter VI, for

desi rabl e desi gn di scharge standards based on
accepted inundation |levels relative to roadway
classification. Variation fromthese or other
specific standard val ues nust be justified by an
assessnent process which reflects consideration

ri sk of damages to the roadway facility and ot her
properties, traffic interruption, environmenta
I npacts and hazard to the public.

Backwat er
This is the increase in water surface el evation

a particular flood event neasured relative to the
normal water surface for this sanme event at the
approach section. For National Flood |Insurance
Program desi gnat ed fl oodpl ai ns, the backwater for
t he 100-year flood shall not exceed 1.0 foot.

normal water surface as it relates to a flood
i nsurance site would include any restriction
existing at the tine of adoption of the

such as an existing bridge. Wen a detail study
area is involved, no increase in backwater is

al | owed when the crossing data is entered into

fl oodway nodel unless a nodification proposal is
devel oped and presented to the community and FEMA
for approval. A nodification proposal is to be a
revision in the fl oodway boundaries to

the crossing without increasing the 100-year

el evati on above the established fl oodway

M ni mum | engt h

The bridge ends will be l|ocated such that in the
profile bridge section a line projection of the
spill through slope face provides a m ni nrum of 10

foot setback from any point on the channel bank
or bed. G eater setback can be dictated by
hydraul i c conveyance needs and channel scour
predi ctions.
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super -
route

rivers.

(d)

Freeboard
Provide 2 feet m ninmum cl earance for bridge

structures above the design flood for primry
structures and secondary crossi ngs of major
1.0 foot mninmumfor all other structures. There

is no established freeboard for the roadway or
ot her controlling features. However, this can be
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shal

rap

be

f oot

(e)

(f)

establi shed as a project specific requirenent if

specific need or condition warrants. This or a
justified variance fromthe standard freeboard
requi renment nust be approved by the Review ng
Engi neer prior to conpletion of the design.

Sl ope Protection

As a minimumclass Il stone rip rap shall be

pl aced on the spill-through bridge slopes through
t he wat erway opening extending to a point even

the bridge ends. The need for additional slope
protection along the roadway fill approaches

be evaluated on a site by site basis. Concentra-
tion, depth and velocity of flow in the overbank
are factors to be considered in setting the rip
limts. As a guide, the foll owi ng equation can
used. If V, is considered to be |less than a
scourabl e velocity for the proposed fill slope,
no further evaluation is necessary.

Z = (1'V1/V2)L

\Wher e:

Z = Required distance of slope protection

Vi = Average velocity in overbank approach

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

L = Distance up stream to nmaxi mum backwat er

(bridge | ength)
The top of the rip rap elevation shall be 1.0

above the "design flood" which, for establishing
sl ope protection limts, will not exceed the
50-year event.

Deck Drai nage

St andard practices for structural design at this
time 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. |If review for variance fromthis
standard is requested, the spacing requirenment
wi Il be based on:

(1) Scupper capacity provided in HEC-21(11)
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(2) 4 inches per hour rainfall intensity

( maxi mum
drivabl e)
(3) A mninmm consideration of 30% bl ockage
(4) Maximum gutter spread of 2 feet.
Provi sion nust be nmade to handle the flow from
t he

bri dge deck at all down grade ends. The
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flow

(9)

(h)

(i)

(J)

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

Separation structures will 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 is dependent on shoul der or special wdth
provi ded on a structure, but should not extend
into the travel |ane of a shoul der approach
structure. The fewscupper drains can be ignored
in this spread evaluation for separation
structures. Wth the potential quantities of

fromthe deck, it is very inportant to check the
adequacy of the end drains and provide
recomrendati ons for additional measures when
war r ant ed.

Channel Changes

As a general rule, the bridge crossing will be
desi gned to accommodate the natural channel.
Channel nmodification will be considered only when
there is no practicable alternative from a cost
or functional standpoint. Modification proposals
with sufficient supportive data nust be presented
to the Reviewi ng Engi neer for approval prior to
conpl eti on 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, reference(14)

Economi cs

When nore than one alternate will satisfy all
control factors for a site, the evaluation and
selection of a "best"” alternate nmust include an
econom ¢ analysis to insure that the selected
alternate provides the least total cost froma
construction, maintenance, and operation

st andpoi nt.

Det our bridges
The design process for these structures is also
site specific. As general guidance a  design

fl ood

provi des an acceptable |evel of risk for

potenti al

is

and

traffic interruption or damage to the detour.

However, potential for damage to ot her devel oped
properties if overtopping at this level of flood
not provided will warrant further consideration

a possible increase in the structure

requi renents.
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Spanni ng of the normal flow channel is
recomrended

and scour consideration is limted to | ocal scour

at any in channel bents.
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(5)

n beSt n

profile

t he

an

on

(basel i ne

fl oods:

DOCUMENTATI ON OF DESI GN

Al l

information pertinent to the selection of the

alternate shall be docunented in a manner suitable for
review and retention. This will invol ve:

(a)

(b)

(c)

(d)

(e)

(f)

Conpl etion of the Bridge Survey and Hydraulic
Desi gn Report, Appendi x E. Sketch proposed
structure(s) and roadway grade in plan and

showi ng crown grade el evation, super structure,
bent locations, limts and elevations of rip rap
and any channel nodifications.

In addition to the data required on the survey
relative to the design, overtopping and base
flood, provide in table or performance curve form

depi ction of the natural and post-design water
surface el evations at the upstream section for

design flood. |If at an existing crossing s
include the existing condition as a third
and pl ot.

| ncl ude scour formula conputations on the bridge
survey report. Plot estimted depths on profile
Vi ew.

Provi de hard copy summary sheet of conputer input
and out put.

Provi de conpl ete conputer analysis data files on
| BM conpati ble floppy disk and include file name
Bri dge Survey and Hydraulic Design Report.

upply

When a fl oodway nodification is proposed, pp
FEMA.

s
all docunentation required for submttal to

This will include:

-  Conpl etion of the application formfor
fl oodway revision request or amendment to
t he National Flood Insurance Program (NFl P)
maps.

- Hydraulic anal yses (conmputer nodels - input
and out put) which duplicate the hydraulic
anal yses used for the effective FIS

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
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for

fl oods:

10-, 50-, 100-, and 500-year floods and
fl oodway. (This involves addi ng sections

the crossing site without the structure and
for any changes in the floodplain.)

New/ revi sed hydraulic anal yses (conputer
nodel s - input and output) for proposed
conditions for the follow ng frequency

10-, 50-, 100-, and 500-year floods and
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t he

al i gnment

revi sed

fl oodway. (This involves the addition of

crossing features and any proposed fl oodway
changes.)

Topographic work map with existing and
proposed topography show ng revised existing
and/ or proposed 100- and 500-year fl ood
boundari es, 100-year floodway, base fl ood

el evati ons, cross sections, stream

and road alignnment.

Annot ated FI RM and/ or Fl ood Boundary and

Fl oodway Map (FBFM showi ng revised existing
and/ or proposed 100- and 500-year fl ood
boundari es, 100-year floodway, base flood
alignment, and corporate limts.

Annotated FI'S fl ood profile(s) show ng

exi sting and/ or proposed 10-, 50-, 100-, and
500-year flood profiles.

Annot ated FI'S Fl oodway Data Tabl e(s) show ng
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
enmbank- nent. The nobst commonly used shapes are circul ar,
rectangul ar, elliptical, pipe arch and arches. They range in
size fromlarge multiple barrel box culverts and netal arch
structures to single 18 inch pipes. The design process for
culverts as well as all drainage structures is nmuch |like the
bridge crossing in that it involves: data collection,
hydr ol ogi ¢ anal ysis, fornul ation, evaluation and sel ection of
an alternate, and docunentation of the design. Sonme of the
| arger structures nust be analyzed by the sanme procedures and
met hods as a bridge crossing. The procedure presented here is
summary in nature and is intended for the conmmon box or pipe
cul vert crossing. The extent of design effort for a particular
cul vert nmust be commensurate to its cost and potential risk to
the public. The engineer should reference FHWA, Hydraulic
Design Series No. 5 (15), for nore detail ed gui dance. He nust
al so reference this docunent for nonograph charts and tables
required for a manual design process.

The forms used for docunentation and the information
required differ for box and pipe size culverts. Any culvert
structure providing conveyance greater than a single 72 inch

pipe will follow the design procedure and docunentation on the
"culvert survey and hydraulic design report” (Appendix F).
Smal l er culvert design will be docunented on a pipe data sheet

(Appendi x Q).
(1) Data Collection

| nformati on gathered during the pre-design study and

field survey relative to each particular crossing or
al |

crossings in general is to be assenbled. This process

w |l include:

(a) For all box culverts or any other structure that

prelimnary estimates indicate requiring a total
Crossi ng conveyance greater than a single 72 inch
pi pe, plot a plan and profile view of the stream
crossing on the "Cul vert Survey and Hydraulic
Design Report" (Appendix F). The draw ng
scale is to be 1 inch = 50 feet horizontal and
1 inch = 10 feet vertical.
Exi sting features are to be in ink with manmade
features shown with dashed lines. This

i nformation
isto belimted to that which is pertinent to

t he
structure sizing and | ocation.

| 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
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exi sting and proposed. The second profile

to be along the centerline of the structure
showi ng the stream bed grade, top of bank
and

normal water surface profile.
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of

(i ncludi ng

frequency),

pr oposed

control ling

utilized

excavati on

secti ons

base

hi ghways,

(b)

(2) The centerline of the roadway profile should
show. ground |line, channel base and banks,
grade line, water surface el evations (date

survey, normal if different), flood plain
limts, historical flood el evations

date of occurrence, and esti mted

utility elevations, controlling backwater
feature el evations (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 line if
identified

(3) The centerline of structure should show:
stream bed, top of bank, existing and

roadway cross-section, normal water surface
profile, historical flood |evels,

feature el evations properly positioned al ong
the profile, rock line if identified.

(4) Any additional stream cross-sections
for design or needed for structural

estimates are to be plotted on the survey
report. The drawi ng scale for these

can be adjusted as needed to fit the report.
| nformation to be provided on the plan view
(1) Natural features - stream channel show ng
and banks, limts of the floodplain
(2) Type of cover
(3) Manmade features -buil dings, houses,
exi sting drainage structures, utilities

(4) The proposed roadway section and fill sl ope
[imts

For 72 inch pipe size and smaller, the site data
will be sunmarized on the pipe data sheet. The
engi neer will also need to reference the drai nage
pl ans for topographical and proposed | ayout

i nformation.
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(2) Hydrol ogic Anal ysis

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
hydrol ogy section (Table 4-3, Chapter Vi)

(b) Qo base flood
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(c)

Q overtopping. This discharge is conputed after
trial size is selected.

Qo for outlet protection and erosion control
measur es

di scharges may be required on a site specific

basis. Exanples are:

Q average - for permt determ nation

Q bank full - for fish passage, channel stability
or floodplain anal ysis.

(3) Hydraulic Design

a
(d)
O her
(a)
(b)
(a)

t hat

envi ronnent al

pr ecast

ar ches

The first step in hydraulically analyzing a
culvert is to address criteria and i nformati on

must be quantified prior to comenci ng actual
structural sizing and |ocation. This would
i ncl ude:

Mat eri al Sel ection
A material selection recommendati on nmust be
provi ded for each pipe culvert. The general
sel ection policy is as follows.

Cul vert pipe shall be concrete with the
follomnng exceptions :
t he expected fill height over the
structure exceeds the maxi mum val ues
for concrete as provided in the N
C. Division of H ghways
charts, (Appendi x H)
the required invert slope is greater
than 10%
If a majority of the installations
for a project require nmetal, then
all culvert pipe for the project can
be netal .

Ot her site or project specific factors such as,
corrosive conditions, accessibility,

requi renments, handling and initial cost may
dictate the use of a particular material.

Box culverts are generally cast in place or

concrete. There are large nmetal structures,

and box shapes, with and w thout bottom pl ates,

t hat can be considered for sites requiring |arge
openi ngs and/ or spans. The prinmary source of

i nformati on on avail abl e si zes and structur al
details is the manufactures literature.
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Appendi x H provi des gage requirenents and fill
limtations for metal and concrete structures.
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X) .

Baf f | es
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final

End Treat 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

pl acement of an outl et headwal|l. For gui dance on
end treatment 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 ooding

upstream structures and | and use, as well as the
proposed roadway el evati ons.

Mul ti pl e Openings (w dth)

When the width of the structure opening is

significantly w der than the natural channel,

an eval uati on nust be nmade of the affect on flow
capacity which will occur when the | ow fl ow

restricted to its natural width by artificial or
nat ural nmeans.

Al i gnnment
As near as is practicable, a culvert should

cept an outlet flow within the natural channel.
When channel realignment is required, a natural
channel design should be utilized (see section

Lengt h and Sl ope

The sl ope of a culvert should approximate that of
t he natural channel. The invert elevation should
be slightly below the natural bed ranging from
0.1 +/- feet for small pipes to 1.0 +/- feet for
| arge box culvert. \here fish passage is

a primary consideration, the invert should be a
m ni mum of 1.0 feet below the natural bed.

may be placed in the invert to pronpte retention
of bed material and formation of a |low fl ow
channel . When a shallow (3-5 foot max. depth)
non-erosive rock foundation is found throughout
t he proposed site, the structure can be built on
footings without a bottom allow ng retention of

nat ural channel bed. The Geotechnical Unit nust
confirmthe foundation acceptability prior to

selection of the “bottonl ess” cul vert.
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Potenti 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 enbanknment, the bed el evation and
skew.
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det er m ned

be

to

physi cal

transport

and/ or
reduced to

(b)

di schar ge.

(c)

regard

al | owabl e

(d)

structure.

(e)

ft.

Tai | wat er

The conput ed normal channel depth for each
di scharge | evel being evaluated generally
establishes the tailwater. This can be

by a sinple single section analysis. Effects of
downstream controls and constrictions nust al so

consi der ed.

Debri s
The structure opening should be reasonably sized

provide for debris. The limtation of structural
hei ght to headwater depths in the HWD = 1.2+/-
range has proven to limt problens of this nature
to acceptable | evels. \Where experience or

evi dence indicates the water course wl

a greater than normal size or volune of debris,
speci al debris controls should be devel oped
the estimated capacity of the structure

reflect the potential for blockage.

A trial size culvert can be determ ned using the
desi gn di scharge, inlet control nonographs (HDS-5
ref.- 12)and an assunmed HWD = 1.2. Miltiple
openi ngs may be sel ected by dividing the

VWhen a trial size selection is reasonable in
to avail able sizes (see Appendix H ) and

headwater limtations, the full inlet/outlet
control analysis is performed. The higher of the
conput ed headwat ers governs.

| f the anal yzed size is acceptable in regard to
controls and criteria relative to the design

di scharge, verify it being the m ni num acceptabl e
by checking the performance of a snaller

If inlet control governs, inproved inlet design
must be investigated. This will be performed for
all inlet control box culverts and for pipe
culverts 36 inch and larger with I engths > 150

| f 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 ¢ analysis is required to justify the
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sel ected option.
(f) Determ ne the design values and acceptability of

the selected culvert for the Qo and overtopping
fl ood.
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be

on

(4)

(g) OQutlet velocities shall be deternmi ned for the Qp
di scharge. If this velocity exceeds the scour
velocity for the receiving stream rip rap outlet
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 determ ne
outl et velocity.

Desi gn Docunent ati on

Al'l information pertinent to the culvert design shal
document ed on either the "Cul vert Survey and Hydraulic
Desi gn Report"” or the "Pipe Data Sheet". This wll

i ncl ude:

(a) For box culverts, plot the proposed structure in
plan and profile views. Note centerline station
and skew. Show invert elevations and skew, or top
of footing el evations.

(b) Show design water surface el evation on all views.

(c) Conplete fill-in of data for selected structure
report or data sheet.

(d) If design is acconplished by conputer program
private engineering firns nmust submt data file
sunmaries on an | BM conpati bl e di sk

(e) For large culverts (>72 inch), a plot of the
perfornmance curve for the selected structure with

pl ot of the natural stage-discharge relations is
desirabl e.

(f) Provide streamclassification.
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| X.  STORM DRAI NAGE SYSTEM

The purpose of a storm drainage systemis to collect and
transport stormwater runoff fromthe highway to an outlet.
The conplete system consists of the curb and gutter, inlet
structures, lateral and trunk |ine pipes, and junctions and
manhol es. The design process for storm drai nage systens
usually follows the basic steps of planning/data collection,
hydr ol ogi ¢/ hydraulic design, and outfall analysis. The
procedure presented herein will be directed toward non-conputer
anal ysis. The pavenent and inlet design nmay be acconpli shed by
a conmputer program which follows the procedures of HEC 22(6).
GEOPAK Drai nage is an acceptabl e automated anal ysis process for
st orm dr ai nage system desi gn.

(1) PLANNI NG AND DATA COLLECTI ON

| nformati on gathered 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 identification of
controls and criteria which nust be considered in
acconplishing the design. This would include:

(a) Design Frequency

Roadway inlet |ocation, capacities and gutter
spread is to be analyzed using a standard

rai nfall
intensity of 4.0 inches/hour. The stormdrain
pi pe systemis to be designed using a Qp

di schar ge
with a mninumtinme of concentration of 10

m nut es
assum ng 100% pick up at each inlet.

In 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
flow is not interrupted.

(b) CGutter Grade

A m nimum gutter gradient of 0.20 percent (0.30
desirable) shall be utilized. \Wen |esser sl opes
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 may be
used in sag or |low gradient gutter sections.

(c) Inlets

The standard inlet for curb and gutter is a
conbi -

nation grate and curb opening (std. no. 840.01 of

Roadway Standard Draw ngs-(17). Use of other

type
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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
of f
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| ess(snal

efficiency

grate.

conput ed

shoul der

travel

no

of

(d)

roadway | ocations. Gates of 2 inch or

di nensi on openi ng) 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
determ ning inlet capacity. The grate

shall be assuned to equal a parallel bar

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

- Inlet spacing shall be sufficient to limt
spread to no nore than half of a through | ane
during a 4.0 inch per hour rain storm

- When the typical section includes a full
or parking |l ane, no encroachnment into the

lane will be all owed.

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

- Wiile there is no maxi mum spacing for inlets,

trunk line pipe should extend nore than 500
feet without access. An exception is made for
medi an and side ditch systens where 700 feet

an acceptable upper limt.

- Pipe systens shall not decrease in size in the
downstream direction.

- Provide 0.5 foot mninmum from hydraulic
grade line to top of inlet grate or junction.
Pi pe System

Storm drain pipes shall be concrete unless a site
l[imtation such as grade or corrosive conditions
dictate the use of an alternate material.

The m ni mum pi pe size to serve a single inlet is
12 inches. For nore than one inlet, or a length

nore than 100 feet, a 15 inch pipe is the m ni mum
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si ze.

When differing size pipes enter and exit a

junction
the desired practice is to match the crowns of

t he
pi pes.
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(2)

for

Hydr ol ogi ¢ and Hydraulic Design

St orm drai nage system design 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. Autonated design
systenms such as GEOPAK Drai nage provi de an advanced
tool for storm drai nage design. However, the foll ow ng
basi c design procedure is applicable and can be used

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 comencing the hydrol ogic/hydraulic
anal ysis of the surface system a | ayout of
| ocations requiring inlets should be
devel oped on a set of plans. This would
i nclude sag points, upstream of

i ntersections,

t he

spr ead

t he

upgrade of superelevation rollovers, and at
| ocations required to junction back-of-the
curb pickups.

(2) Wth the above noted | ocations determ ned,
next step is to analyze the runoff and

al ong the roadway to establish additional
required inlet |ocations to neet spread and
depth criteria. The hydrol ogic nmethod used
shall generally be the rational fornula and
will follow the guidance of Chapter Vi
(Hydrol ogy). The general procedure as
outlined in Chapter V (Drainage Plans) shall
be used to confirm drai nage boundaries, flow
pat hs, outlet conditions and ot her project
speci al design features.

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

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

station.

(b) Pipe System

(1) The next step is the layout of a pipe system
to provide a connecting route of flow from

inlet(s) to the proper outlet point(s).

(2) Sizing of the individual pipes is now
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accompl i shed. The follow ng procedure
involves a run through the system from
beginning to end with selection of pipe
si zes

by utilizing Mannings' flow capacity
equati on,
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capacity

of

tinme

st udy

of

i nl et

Pi pe

with the limtations on maxi mum pi pe

presented in Appendix I, sheet 6.
Si zing of nobst systems by this procedure
is generally sufficient.

Whil e a check of the system by devel opnent

a hydraulic grade |ine requires m nimm
addi tional design tinme when utilizing an
aut omat ed desi gn process such as GEOPAK
Dr ai nage, a manual procedure can be very

consum ng. Therefore, the engi neer nust
eval uate and justify the need for a
hydraulic grade line check of a system on
a case by case basis. Conditions that may
war rant undertaking this additional design
anal ysis are:

Systemwi th outlets that are subject
to high tailwater conditions.
Systens that transition froma steep
to flat gradient.

Systens on flat gradient that have
substantial junction and/or bend

| osses.

Syst em Desi gn Procedure

Ref erence Appendix |, sheet 2, for initial
system desi gn docunentati on.

Items 1 - 2. These are inlet nunbers
corresponding to inlet conputation sheet.

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

Item 4. Sum of the increnmental portions of
t he drai nage area and correspondi ng runoff
coefficients.

Item 5. Length of the pipe run between
poi nts.

Item 6. Tinme of concentration for portion

drai nage area in-flow ng at beginning end of
pi pe.

Iltem7. Flowtime for first pipe equals

time. Subsequent sections are a sum of the
time of concentration of the previous reach
(mn. t,= 10 mnutes) plus time of flowin
subj ect pi pe.
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Item 8. Larger value fromltens 6 and 7.

Use
10 m nutes as m ni num val ue. For times

greater than 30 m nutes, a flood hydrograph

or
ot her routing procedures is recomended.
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be

exceed

conditions,
various inlets
as a check for

t abul ati on

| ocati on

or

ltem 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. Dianmeter of pipe. This size is to

sel ected utilizing Mannings’ full fl ow
capacity equati on.

Q = 0.46/n (D*%) (S0%>

A nonograph solution for this equation is
provi ded in Appendix I, sheet 3.

The capacity utilized for design cannot
the values contained in the table - Appendi x
|, sheet 6

Item 15. Velocity based on design discharge
and sel ected pipe size (can use charts
Appendi x 1).

ltem 16. Remar ks.

Hydraulic Grade Li ne Devel opnent Procedure

A Hydraulic grade line will provide the
potential elevation, under design
to which water will rise in the

and junctions. This can serve
potential unacceptable outflow or pressure
problem areas within the systemdictating a
change in the system design.
Ref erence, Appendix |, sheet 7, for
of the procedure.
Item 1. The inlet nunber or junction
i mmedi ately upstream of the outlet.

ltem 2. Wat er surface el evation at outl et

0.8D + invert elevation of the outfl ow pipe,
whi chever is greater.
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Item 3. Dianmeter (D,) of outflow pipe.

Item 4. Design discharge (Qo) for the
out fl ow pi pe.
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Item5. The length (L,) of the outflow

pi pe.
Item 6. Friction loss (H) for full pipe
flow. Loss due to flow in the pipe can be
conputed by nmultiplying pipe length (L) X
friction slope (Sf). Friction slope can be
determ ned from pi pe flow charts or by
usi ng
the formul a:
S = [QK?
K = 1.0/n (AR
Appendi x |, sheet 5 provides val ues
of (K) for various pipe sizes.
Item 7. Contraction loss (Hc). Loss due to
contraction of flow at inlet of outflow
pi pe.
Conmput ed by the fornul a:
Ho = 0.25 (V.4 29)
VWhere: V, = Flow velocity in outlet pipe
(full flow
Item 8. Expansion loss (H). Loss due to
expansion of flow into the junction. Use
expansion loss fromprimary inflow |ine.
He = 0.35 (Vi? 2q)
Where: Vi = Flow velocity in inlet pipe
(full flow)
' Item 9. Bend loss (H,) |oss due to change
in
direction of flow. Use change in angle of
primary flow |ine.
Ho = K (Vi? 29)
90 degrees K = 0.70 40 degrees K = 0. 38
80 degrees 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 |osses (Ht), sum of
friction,
contracti on, expansion, and bend | osses.
Item 11. Inlet water surface el evation.
Thi s

is the potential water surface el evation
within the inlet or junction.
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Item 12. Inlet rimelevation or top of
junction. The water surface elevation is to
be a mnimum of 0.5 feet below this

el evation. If not, the pipe size should be
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i ncreased or other neasures taken to reduce
the water | evel.

ltem 13. Remar ks.

Repeat the procedure for the upstream
junction

and plot the potential water surface
el evation

if above the crown el evation of the outl et

pi pe.
(3) OUTFALL ANALYSI S

The storm drai nage system desi gn must include an

eval ua-
tion of the downstreamreceiving channel or systemto
determ ne its adequacy. This evaluation should
addr ess:
- Potential effects on the receiving stream when
identified as an environnmental ly sensitive
stream

(reference chapter Xl1)

- Potential effects on the highway facility due to
downstr eam i nadequaci es.

- Potential effects to other properties due to the
i nadequaci es.

- Affect of the highway inprovenents on the
downst r eam
facility. (Percent increase in quantity, velocity,
depth, etc.)
- Potential corrective measures. (Including cost).

- Recommended acti ons.
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X. CHANNELS AND ROADSI DE DI TCHES

A channel is any open conveyance, natural or man-nmade, 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 regular geonetric shape. The design process
and anal ysis requirenents for roadside ditches and channels
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 analysis requirenents. The Engi neer should
reference FHWA,

HEC- 11, (18), HEC-15 (19), and Chapter VI of the AASHTO
Dr ai nage CGuidelines(l)for nore detail ed design gui dance.

Roadsi de Ditches

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

(1) Establish a ditch plan which shows the proposed ditch
| ocati ons and fl ow patterns.

This ditch plan is a part of the drainage plan
(Chapt er
V, Item7).

(2) Determne the standard or typical ditch cross
sections
for the project.

This is provided by the roadway plans typical
sections.
When a ditch is required along the construction limts
which is not part of the typical section, the
foll ow ng
Criteria are to be followed in establishing a typica
section.

- A standard bermditch section shall be noted at top

of
cut where required.
- Toe of fill ditches adjacent to shallow fills and
flat
slopes (4:1 or flatter) shall be formed by continua-
tion of the fill slope to a desired ditch depth,
pr o-
vision of a base width if required, then a stable
back
slope (2:1 maxi num.
- Toe of fill ditches adjacent to high steep sl opes
shall be constructed with a mninmm 2.0 foot berm
A
w der bermis desirable for very high fills to
prevent
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enbanknment fromfilling the ditch and for
mai nt enance
if access is |limted fromthe off roadway side.
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ditch

secti

pr of i

sel ecti ve

based

capacity

of

(3)
es.

on

| e.

(4)

(5)

an

Determ ne the gradient to be used on all proposed

Roadway ditches included in the typical roadway
wi |l have a grade corresponding to the roadway

When the roadway profile grade is |less than 0.3%
speci al roadway ditch grades nmay be established and
noted on the plans.

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

nvestigate capacity of the established typical ditch.

Roadway ditches are to be designed to contain as a
mnimumthe @ flow The typical roadway ditch section
is established with sufficient depth to drain the
pavement subbase and flat side slopes for safe vehicle
traversability. This generally provides very generous
capacity for the design flow requirenments. Therefore,
actual capacity determ nation can be done on a

basis at sites on common project grades to verify
adequacy and establish [imtations on the |ength of
ditch run.

The size requirements of the project special side
ditches along the toes-of-fill will be established

on an analysis of the design flood. This ditch

analysis will be perfornmed using Manni ngs' equation:
Q= (1.49 ARY3 sY?)/n

Di scharge determ nation shall follow the requirenents

Chapter VI - Hydrol ogy. The roadway section including

shoul ders and sl opes shall be considered an urban

wat ershed. This capacity analysis is usually worked

conjunction with the next step of lining eval uation.

Determine the linmtations and protection requirenents
to prevent erosion in the ditch

The stability of vegetative ditch linings is to be
anal yzed by use of Charts 1 and 2 (Appendix J). These
charts are based on the nore frequently used 'V and
base ditch sections. However, a procedure and exanple
are included for evaluating other channel
configurations. The stability limtation is based on

est abl i shed acceptable velocity. Wen applying the
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t hat

chart, if conditions at a particular site are such

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, sone 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

B, and Class | rip rap). They are used in the sane
manner as Charts 1 and 2 to deternmine the stability of
stone lining under differing ditch shape and fl ow
condi tions.

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

A check should be made of the transition of flow from
a ditch to the receiving outlet. Factors to be
consi dered are:

(a) Is there provision for a snooth transition of
flow
fromthe ditch to the outlet?

(b) WII the outlet adequately handle the quantity
of flow? |Is inprovenent required?

(c) Is the velocity of flow at the outlet too high
for
the condition of the receiving channel? 1Is
riprap
or other nmeans of velocity reduction justified?

(d) When the receiving outlet is sheet overland fl ow,
is concentration of flow by the ditch a potenti al
problen? 1Is some formof flow diffusion

required?

Channel s

Channel analysis differs fromroadway ditch analysis in
that it involves establishing a channel configuration to neet
specific site hydrol ogic, and geonorphic requirements. The
requirenments for analysis can range from sinple sizing of snal

ditches constructed adjacent to the roadway fill to intercept
and convey discharge to points of acceptable outlet, to conplex
studi es of extensive natural stream and river relocation. In

addition to the guidance provided in this docunent the engi neer
is directed to FHWA, Hydraulic Engineering circular #15 (16)
and Chapter 8 of the AASHTO Model Drai nage Manual (2),for
further guidance for small ditch and channel analysis. For

| arger streaminvol verent, FHWA “Hi ghways in the River

Envi ronment ” (20), “Applied River Mrphol ogy”(21), by Dave
Rosgen and the NC Wil dlife Resources Conm ssion, “Guidelines
for Stream Rel ocation and Restoration in North Carolina”(22),
are suggested references.

Channel s that are realignnments of natural streams should
be sized and configured to match as near as practicable the
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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 ocation Guidelines" devel oped jointly by
representatives of the NCDOT and the NC Wl dlife Resources
Comm ssion in 1993 (Appendix M.

| f relocation of a stream channel is unavoi dable, the
desi gn of the replacenment channel should provide di mension,
pattern and profile that affords natural stability. A proven
and accepted nethod of study for natural channel involvenent is
t hrough a process of streamclassification. The overall
obj ective of classifying a reach of streans is to set
categories of types based on norphol ogic characteristics, so
t hat consistent, reproducible descriptions and assessnents of
conditions and potential can be devel oped.

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

Provi de nmet hodol ogy for predicting a streans
behavior fromits appearance (classification).

CGui de devel opnment of specific hydraulic and

sedi ment transport relationships for streamtype
and state.

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

Provide a consistent frame of reference for

communi cati ng stream condi ti ons and nor phol ogy
across disciplines.

The recommended sequence of a channel analysis should be
as follows (nore detail ed guidance is provided in the
recommended references).

1) Data Col | ection

Data collection includes office study as well as a
field survey. Mich of the information needed for
initial classification can be obtained from

t opogr aphi ¢ mappi ng and aerial photography. The field
survey provides nore detailed information for
refinement of the initial classification as well as

t he anal ysis and design process. It should include as
a mninmumthe collection of the foll owi ng data:

Needed for Classification
channel wi dth (bankfull)
channel depth (section nean)
maxi mum depth (at bankful |)
bankfull cross section area
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sl ope (average for at |east 20-30 channel
wi dt h reach)

stream | ength (20-30 bankfull channel

wi dths in | ength)

vall ey length (20-30 bankfull channel

wi dt hs in | ength)

bed material (type, size [Dsg)

bank material (type, size [Ds)

wi dt h of fl ood-prone area
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Needed for anal ysis and desi gn:

Channel Di nension

pool depth
pool wi dth
pool area

riffle depth
riffle area
maxi mum pool depth

Channel Pattern
meander | ength

anpl i tude
radi us of curvature
belt width

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

2) Stream Cl assification

Wth the data coll ected and further determ nation of
stream features such as;

entrenchment rati o,
wi dt h/ depth ratio, and
Si nuosity,

a streamtype classification can be established.
(See Reference (18), "Applied River Morphol ogy".)
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3)

as

4)

5)

be

Exi sting Conditions

It is inmportant to assess the condition of the stream

it relates to stability, state and causes of changes,
potential future inpacts and hydrol ogic and hydraulic
requi renents. This assessment process shoul d address:

t he wat er shed,

flow regine,

ri pari an vegetati on,

bank stability,

bed stability,

meander patterns,

sedi ment supply and transport,
debri s,

aggr adati on/ degradati on,

aquatic and terrestrial habitat,

di scharge | evel s and conveyance
requirenments

evol utionary trend.

Stream condi tion gathers through the assessnent
process apply to a reach of the stream and may vary
consi derably up and down stream as the character of
the vall ey changes. Sonme sections may be at such an
altered state that existing data and conditions are of
little value in devel opi ng recomendati ons for a

rel ocated or restored channel. This is when a
reference stream of simlar classification and

nor phol ogi cal characteristics can be used as a gui de
for devel opi ng study proposals.

Proposed Pl an

The eval uation process shoul d provide the engi neer
with informati on and know edge necessary to develop a
recommended channel relocation or restoration proposal
t hat nmeets hydrol ogi cal and ecol ogi cal requirenments
and provides a natural stable system WIldlife
resource specialist should be consulted for input
during the design process.

Desi gn Docunent ati on

Al'l information pertinent to the channel design shal
docunented in an appropriate design report formt.
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Xl . EROSI 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 oping the drainage plans will be responsible

for the following itens relating to sedi nent and erosion
control:

A- BASI NS

These are | arge sedinent trapping facilities conposed
of a dam storage/trapping area and an outlet spillway
structure. They are generally limted in use to disturbed
areas of 5 acres or nore and require thorough analysis and
design to insure;

adequat e storage volume for expected sedi nent
adequate retention to allow settl enment

a dam and spillway capabl e of handling
expected flow

The hydraulics engineer will include design details

and
recomendations for A-Basins at sites identified as

potenti al
| ocations during the initial design process. These will be
included in the prelimnary right-of-way plans and

avail abl e
for review during the prelimnary field inspection. If the
recommended basins are not felt to be required by Roadside
Envi ronmental or construction personnel responsible for
erosion and sedi ment control during construction of the
project, they are to be deleted fromthe plans. If
additional or alternate sites are identified and requested
by others for addition to the plans, detailing and right-
of -way requirenments will be developed for inclusion in the
pl ans.

Detailing of the basins nust be site specific to fit
the | ocal topography. Appendix K provides special detail
sheets for docunentation of the basin design. The

following criteria will provide some minimumlints,
speci al details and general guidance in the basin
desi gn.

St orage/ Tr appi ng Area

M ni mum st orage below top of riser:
2700 cubic feet per disturbed acre

M ni num surface area:
Q X 350 ft?

Pl an di mensi on:
mnimumlength = 2 X width at dam
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Excavati on:
I f the design requires excavation to attain
m ni mum storage, slopes are to be 2:1
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Spillway (Riser)
Mnimumriser dianeter: 15 i nches

M ni mum ri ser hei ght above barrel invert:
2 X riser dianeter, not to exceed 9.0 feet

Di ameter of riser is equal to barre

Ri ser hydraulic requirenment:

The riser must convey the Q discharge with a

head no greater than 0.5 tinmes the dianeter or

1.0 foot, whichever is less. A weir
coefficient

of 3.0 is to be used for the anal ysis of

di ameters of 15-36 inch, 3.5 for 36 inch

and greater.

Spillway (Anti-flotation)

M ni mum depth of riser below barrel invert:
1.0 foot

Wei ght of filter stone and trash rack are
not considered in conmputing ballast force.

Wei ght of the riser, steel base plate (if
used)

a portion of the barrel ( 2X dianmeter) and
bal | ast (concrete or stone) are considered in
conputing ball ast force.

Wei ghts to be used in conputation;
Concrete = 86#/ cubi c foot

St one = 62#/ cubi c foot

Steel Plate = 9#/square foot(0.25 in.
t hi ck)

CS Pi pe = 15”"- 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 ume of the entire riser above the invert

and

a portion of the barrel equal to twi ce the

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

A m ninmum safety factor of 1.2 is required.
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Spi | | way( Overfl ow)

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

El evati on nust be 1.0 feet above top of riser

Must be adequate in size to convey the entire
Qo discharge with a maxi mum weir head of 1.5

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

Enmbanknent
- Slopes 2:1 or flatter

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

Mnimumtop elev. = @Gy W6 + 0.5

Maxi mum Hei ght :

Not to exceed 12 feet above | owest toe
or barrel invert

CONSTRUCTI ON PHASI NG FOR BOX CULVERTS

This is a recommended step by step plan for

the construction of a structure including requirenents

for; tenmporary handling of flow, required tenporary

erosion control itens, and structure staging. This is
an

identified acceptable nethod. There may be ot hers that

are nore appropriate and acceptable. This shoul d be

di scussed and an agreed to plan devel oped during the

field inspection.

The final phasing plan nmust include:

A means of handling flow through the site
(ex. diversion pipes or channels)

A sequence of construction and appropriate
sedi ment controls

Pl acenent and sizing of a stilling basin for
storage of punped effluent for de-watering

Detailing of any tenporary easenents required

PERMANENT CONTROLS

Per manent control nmeasures such as ditch lining and

pi pe outlet protection are included in the drainage plan
recomendat i ons and report.
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XI1. STORMMTER MANAGEMENT

Generally, stormmater 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
i nclude industrial and nunicipal wastewater discharges.
NPS pollution is pollutant that cones fromoverland runoff
fromagriculture and urban areas. A typical exanples of
the NPS pollution is fertilizer nutrients that washed off
farm ands, golf courses and | awns.

Due to its various types of activities, the N C.
Department of Transportati on generates both PS and NPS
pol lutants. Exanpl es of sources of PS pollutants are
mai nt enance yards, equipnment shops, storage facilities
(such as salt, fuel, herbicide, fertilizer, etc.), ferry
operations and hi ghway stormnater drai nage systens.

An Exanmpl e of NPS pollutant is stormwvater runoff from
hi ghways with only vegetative shoul ders, enmbanknents, and
ditches. The pollutants can be generated from vari ous
hi ghway activities, which include clearing and grubbing on
construction sites, accidental spills, application of,
dei cing agents, fertilizers, herbicides, and paints. The
maj or constituents of stormmater runoff pollutant from
hi ghway runoff are; oil, grease, nitrates, phosphorus,
chrom um cadm um |ead, zinc, iron, nmanganese, copper
chlorides, sulfates and particul ates.

The goal of this chapter is to provide a nethod for

eval uati on of potential inpact of proposed actions, and a
procedure for devel opment and inplenmentation of stormnater
managenent practices to protect the quality of the receivi
surface waters in the planning, design, construction, and
mai nt enance of a nmulti-functional transportation system
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St or mvat er Regul ati ons and Prograns

Federal Laws

In 1977 the U S. Congress anmended the Federal
Pol lution Control Act to regulate the discharge of
pollution into waters of the U S. and it was officially
designated the Clean Water Act (CWA). It serves as the
cornerstone of Federal law for all water quality
progranms. It directs the Environnental Protection Agency
(EPA) and other regulatory agencies to establish
standards of water quality for states to follow.

I n 1987 Congress passed a further anmendnment to the act
whi ch added stormwater permits to the NPDES program under
Section 402. Section 404 of the Act defines navigable
waters of the United states and requires permt
aut horization for the discharge of dredge or fill
materials into these waters. A new section ( Section
319) addresses nonpoint source pollution. Section 319
requires each state to better integrate the Coast al
Nonpoi nt Program and the Statew de Nonpoint 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 the di scharge originates.

State Laws and Prograns

A State Sedi mentation Pollution Control Act was
adopted in 1973. This pronul gated rules and regul ati ons
to control accelerated erosion and sedi ment resulting
fromland disturbing activities. The Departnment of
Transportati on has been del egated the authority to
adm ni ster an erosion and sedi ment programw thin the
department. Guidance for the Hydraulics Engi neers’
responsibilities in this activity is provided in Chapter
Xl of these guidelines.

In 1988 the 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 CAMA
permts to include stringent sedi nent and erosion control
and stormvat er managenent plans. The rul es provide | ow
density and hi gh-density devel opment options. The | ow
density option allows construction area up to 25% of the
|l ot for sites within one-half (1/2) mle and draining to
Cl ass SA (Shellfish) waters and 30% for other coastal
areas. The high-density option requires on-site
stormvat er control neasures, such as retention and
detenti on basins.
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Hi ghway projects were considered to be exenpt from
obt ai ni ng i ndi vidual action approval under subparagraph
(a)(6), “ otherwi se neets the provisions of the rule and
has boat ranps, public roads and bridges which mnim ze

i npervi ous surfaces, diverts stornmwater away from surface
waters as nmuch as possible 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 Qutstanding Resource Waters, and
those within one mle of and draining to High Quality
Waters. A general permt for NCDOT roadway devel oprment
activities was issued concurrent with the NPDES
stormwater permt.

In 1989 the Water Supply Protection Act to protect
dri nki ng water supplies was passed by the State

Legi slature. It directed the Environmental Managenent
Comm ssion (EMC) to adopt regul ations and inplement the
prograns. It also classified the waters of the state

based on their quality and significance to the
muni ci palities.

Hi ghway projects were addressed under Section (m of
the final adopted rules on February 13 ,1992. “The
construction of new roads and bridges and non-residenti al
devel opnent should m nim ze built-upon areas, divert
stormwat er away from surface water supply as much as
possi bl e, and enpl oy best managenent practices (BMPsS) to
mnimze water quality inpacts. To the extent
practicable, the construction of new roads in the
critical area should be avoided. The Departnment of
Transportation shall use BMPs as outlined in their
docunent entitled ,” Best Managenment Practices for the
Protection of Surface Waters” (23).

An NPDES permt for the NCDOT was issued on June 8,
1998. Requirenents contained in the permt address a
broad range of DOT activities. Included is a requirenment
for devel opment of a procedure to document newy
constructed stormwater outfalls and add themto a
stormvat er systeminventory of existing facilities. This
docunent ati on process will include the devel opnent of
proj ect stormwvater management plans described later in
this chapter.

On Decenber 11, 1997, the Environnmental Managenent
Comm ssion (EMC) approved the Neuse River Nutrient
Sensitive Waters (NSW Managenent Strategy. This
strategy establishes a goal to reduce annual nitrogen
delivery to the Neuse River Estuary from point and
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nonpoi nt sources by a m ninmumof thirty percent (30%.
Mandat es have been proposed for point source discharge,
ur ban stornmwat er managenent, animal operations, riparian
buffers, and nutrient managenent. A tenporary riparian
rul e became 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 River Basin
(intermttent streans, perennial streans, |akes, ponds,
and estuaries) as indicated on the npst recent version
of United States CGeol ogical Survey (1:24,000)
t opographical maps. Certain permtted uses and
exenmptions that affect highway activities are:

Ditches- existing ditches through the riparian
area may be nmai ntained. 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 crossi ngs- Road crossings through the

ri parian area are all owed, provided they show
that no practical alternative exists. They are
desi gned, constructed and maintained to mnimze
di sturbance and protect water quality.
Application for this exenption nust be made to
DWQ Wet | and/ 401 Unit.

| npact on DOT project devel opnment activity fromthe
remai ni ng sections of the final rule are anticipated to
be limted to urban stormmvater managenent. Required
proj ect nmeasures are expected to be the same as those
contained in the stormvater rules for coastal, high
qual ity and outstandi ng resource waters.

Best Managenent Practices (BMPS)

In March 1997 NCDOT published a handbook entitled
“Best Managenent Practices for Protection of Surface
Waters”(20). BMPs are defined as activities, practices
and procedures undertaken to prevent or reduce water
pollution. They are categorized as preventive and
control nmeasures .Preventive nmeasures, also referred to
as Non-Structural BMPs, are conceptual managenent or
design practices which elimnate or reduce pollutants
at the sources. Control neasures, also called
Structural BMPs, are engi neered nmeans to renove or
reduce the concentration of pollutants fromthe runoff
before they enter the receiving streans. The BM
docunent serves as a conpendi um covering both
preventive and control neasures that are inplenmented in
NCDOT’ s various activities. These activities include
general mai ntenance operations and facilities,
construction operations including tenporary erosion and
sedi ment control, as well as project planning and
desi gn.
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Many non-structural BMPs should be considered in
t he project planning process and initial establishnent
of general criteria for design to | essen potential for
pol | utant inpact on the receiving streans. Sone
exampl es are listed below. Further reference should be
made to NCDOT, “Best Managenent Practices For
Protection of Surface Waters” (20).

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

Use design alternative such as grass medi ans and
shoul ders in lieu of inpervious materi als.

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

More site specific BMP usage, including structural BMPs
is discussed in the stormnvater plan preparation section.

St or mvat er Managenent Pl ans

The Hydraulics design engi neer nust devel op a Stormwater
Management Plan (SMP) as well as drainage recomendati ons.
The SMP will be in a report type format, which reflects the
foll owi ng sequence of devel opment.

| dentify Project I|Invol venent
Eval uate Potential | npact
Sel ect and | npl ement BMPs
Prepare Design Details

I dentify Project Involvenent

The design engi neer should first review the project
pl anni ng docunent for environnental concerns and
comm tnments. The engineer should also investigate the
classifications of all streamcrossings using the
envi ronnental sensitivity base maps, which were jointly
devel oped by the NCDOT, NCDENR and ot her gover nnent al
agencies. These maps are 1:100, 0000 scale and are
updated every five years. They depict all regul ated
waters in North Carolina. These include water supply,
coastal, outstanding resource, and high quality waters.
Ot her water classifications which warrant particul ar
consideration are Trout and Nutrient sensitive.
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Resulting fromthis step should be a listing of stream
crossing and/ or discharge sites that require eval uation
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

subj ective, but will be based on sound judgnment and
experience. The follow ng parameters shoul d be
considered in the evaluation process.

The proximty of the discharge point to
the receiving stream Is this a direct
di scharge or is there sufficient area
for dilution?

The volunme and type of traffic. 1s the
volunme in excess of 30,000 ADT? |Is

t here heavy truck and/or high potenti al
pol lutant traffic?

The ratio of the inpervious surface of
contributing highway area to the total
wat ershed of the receiving stream

Preventive BMPs that are enpl oyed.
Val ue of the water resource.

Site highway geonetry and potential for
acci dental spill.

If this prelimnary eval uati on suggests that the
proposed roadway poses a low risk to the receiving
streans, the hydraulic design engineer may docunent the
assessnment and concl ude that standard BMPs are
sufficient for protection of the receiving waters and
t hat no special control nmeasures will be required.

If the prelimnary evaluation suggests that the
proposed roadway nay pose a risk to the receiving
streams, the hydraulic design engi neer should proceed
as follows:

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

2. Determ ne the | oading of the mmjor pollutants
fromthe proposed hi ghway, based on; traffic
counts and types, roadway types, drainage
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areas, etc. Reference Chapter 3 of FHWA,
“Eval uati on and Managenent of Hi ghway Runof f
Water Quality,”(17).
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Sel ect and | npl enment BMPs

In order to effectively reduce the pollutants
from hi ghway runoff, the design engi neer should
i nvestigate both non-structural and structural BMPs
applicable to each point source of interest. The
I nvestigation should proceed as foll ows:

1. Evaluate potential BMP control measures for
the site, based on the |and, topography, soi
and roadway types.

2. Investigate the pollutant renoval capabilities
of these BMP control nmeasures. For design
details reference Chapters 3 and 5 of FHWA,
“Eval uati on and Managenent of Hi ghway Runoff
Water Quality”(24).

3. Conduct cost and risk assessnment for each BMP
control neasure. Cost analysis shall include
| and, structure, construction and nmai ntenance.

4. Sel ect the nost feasible BMP control measure
for the site.

For the design details of these control neasures,
t he desi gn engi neer nay reference the foll ow ng
publ i cations:

1. “Eval uati on and Managenent of Hi ghway Runoff
Water Quality, FHWA-PD- 96-032, 1996(21).
2. “Stornmwat er Best Managenent Practices”,
Di vision of Water Quality of NCDENR,
1995( 25) .
3. AASHTO Dr ai nage Gui del i nes, Vol une
12, “ St or mvat er Managenent”, (1) .

Prepare Design Details

To conpl ete the drai nage and stormnat er
desi gn, the design engi neer should summari ze al
t he recommended control measures in a “report”
type format. The report should first include
the overview of the project and scope of the
st ormvat er managenent plans. It should then
identify the names, |ocations, and
classifications of the receiving streans at the
outl et of each system At each outlet, all BMP
preventive and control neasures should be listed
and described in details. Design details should
be provided on separate sheets for |arge
structures, such as: detention and retention
basins, infiltration basins, and constructed
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wet | ands.
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The report should also include najor drainage
structures, such as bridges, culverts, etc.,
which are | ocated within environnental ly
sensitive areas. Any direct discharge from
t hese structures such as deck and approach
drains, or direct connection of stormdrain
systens to the culvert, etc. should be avoi ded
and docunent ed.

Water Quality Rel ated Practices and Gui delines

St ream Cr ossi ngs

As hi ghways cross uni que streans, such as trout and
anadromous fish streans, special design considerations
are required in selecting drainage structures and roadway
facilities. It is the goal of the hydraulic design
engi neers to devel op engi neering plans which provide
favorabl e aquatic habitats and al so are hydraulically
feasi bl e and cost effective. In devel opment of the
crossing design consideration nust be given to the
foll ow ng general guidelines:

1. Flow conditions at normal and bank-full discharges
shoul d be thoroughly investigated to ensure that
the structures will not inpede fish passage.

2. The sl ope of the replacenment culverts should be
conpatible to that of the existing channel.

3. The bottom sl ab of culverts should be buried 1 foot
bel ow t he bed and covered with natural bed
mat eri al s.

4. Baffles can be installed inside the culvert to
pronote the establishnent of a natural substrate.

5.1t is desirable to maintain a normal velocity in
the culvert conparable to that of the existing
channel

6. I n cobble bed stream materi al conparable to the
natural bed material should be placed in the
structure.

7. Channel nodifications at the inlet and outl et of
cul verts should foll ow gui delines presented in the
foll owi ng section.
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Stream Rel ocati on

As the result of highway inprovenent activities, such
as construction of new roads and w dening of existing
roads, natural streanms sonetines are unavoidably filled
or encroached upon by the proposed enmbanknent. Unless the
natural streans are properly realigned, it may result in
an adverse inpact on the fish habitats, bank erosion,
channel degradation, and fl ooding problens. The hydraulic
desi gn engi neers should thoroughly review the physical
and dynam ¢ characteristics of the natural streanms and
devel op repl acement channels that are ecol ogical,
geonor phi ¢ and hydraulically conpatible. Reference
channel section of Chapter X

Anadr onous Fi sh

Anadr omous fish are a unique and val uabl e resource.

Streans utilized by anadromous fish have been identified
on Environnmental Sensitivity Maps. While nost of the
anadronmous fish are found east of [-95, they mgrate in

t he Neuse and Cape Fear Rivers as far as Wake and Harnett
counties. When a proposed hi ghway crosses anadronous
fish streans, the hydraulic design engineer should
devel op the nost practical drainage plans, which wl|

| east adversely inpact their novenent and habitats

. Desi gn guidance is present in the departnment’s “Stream
crossing Guidelines for Anadronous Fi sh Passage”

(Appendi x N).

Hazardous Spill Basins

Hazar dous Spill Basins are provided in new hi ghway
construction nmajor inprovenent projects at strategic
| ocations al ong arterial system highways to aid in
contai nment and cl ean up of accidental spills. The
determ nation of these strategic |ocations is based on
concentrated truck usage areas such as parking sites at
rest areas, weight stations, and runaway ranps, as well
as for highway segnents in close proximty to
particularly sensitive waters such as outstanding
resource waters and water supply sources. For guidance in
t he design and selection of |location for these devices
t he engi neer should reference the departnent’s,
“Gui del i nes For The Location And Design OfF Hazardous
Spi |l Basins” (Appendi x O).
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XIIl. PERMTS

The drai nage study and hydraulic design process includes
t he devel opnent of permt draw ngs and conpletion 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 them for

submtta

to permtting agencies. The procedure for

devel opnent of the draw ngs and application should be as

foll ows:

(1)
wet | and

ot her
t he

desi gner.

(2)

desi gn

t he

(3)

and

and

property

nat ur al

Revi ew t he environmental docunent to obtain

area, identifications, jurisdictional streans and
information regarding permt requirenents. Wile
pl anni ng docunents include delineation of wetland

limts, it is not generally of sufficient detail

in actual limt description to fully define the

proj ect/wetland invol venent. This requires

detailed field confirmati on by the hydraulics

| f questions arise, the environnental permtting
section, nust be consulted for assistance in the
anal ysi s.

Assenbl e informati on gathered during the pre-
study, field survey and design that is pertinent to
permt application. This would include:

- Location and classification of wetland and streans
- Topo. and elevation data at sites

- Drainage structure and/or channel design data

- Watershed area

- Flow data (ex. average, |ow, bankfull )

Prepare the permt draw ngs. An exanple draw ng
i ncl uded as Appendix L. The drawings are to

conformto, and should include as a nm ninumthe
foll ow ng:

- Drawings are to be on standard letter-size paper

alin. left margin and % in. remaining margins.
- Nunmber of sheets is optional but must be to scale

clearly depict the wetland invol venent.

- Location-vicinity maps show ng project |ocation and
permt site(s).

- Plan view of site(s) including pertinent drainage

roadway features, wetland limts, area of wetl and
di sturbance, fill below ordinary high water,

owners.
- Profile view of site(s) show ng roadway grade,
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fill

(4)

ground, ordinary high water, drainage structure,

bel ow ordinary high water, wetland limts.
Section view if needed to clarify proposal.

Quantities for each site of total fill within the
wet | and area, fill below 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 techniques which provide many

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

identifying the permtted activity and avoid cluttering the
sheet with unnecessary information.
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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 HYDRAULIC 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 FIELD NOTES (NUMBER OF SETS )
10. BRIDGE SURVEY REPORT(S) (NUMBER )
11. BRIDGE SURVEY FIELD NOTES (NUMBER OF SETS )
12. PERMIT ACTION LETTER
13. PERMIT APPLICATION (DATE SUBMITTED )
14. FLOODWAY MODIFICATION (DATE SUBMITTED )

15. OTHER:
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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 AND ESTIMATES 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 SOURCES FOR WATERSHED AREA OR DELINEATION?

12. HAS PROJECT INITIATION SHEET BEEN SUBMITTED?
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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 AND SPILL
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)

LOCATION AND CLASSIFICATION OF WETLANDS
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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 IS TO BE COMPLETED BY THE DESIGN ENGINEER AT THE
COMPLETION OF THE PROJECT DESIGN.

1. WHAT DESIGN FREQUENCIES WERE USED FOR DRAINAGE STRUCTURES? WHY?

2. WHAT ALTERNATES HAVE BEEN CONSIDERED FOR THE MAJOR DRAINAGE STRUCTURES

3. HAS AN ECONOMIC ANALYSIS BEEN MADE FOR ANY CROSSING DESIGNS?
HAS A LESSER DESIGN 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 PLOTTED?

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

APPROVED BY DATE
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