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1.0  General Information  
 

1.1  Introduction  

 

Investigation of the impacts of su rface water on the highway roadway, 

channels, and surrounding land is an integral part of every highway design. The 

end product of this investigation is a design, included in the plans, that provides 

an economical means of accommodating surface water to mi nimize adverse 

impacts in accordance with the design procedu res.  

 

Traffic safety is intimately related to surface drainage. Rapid removal of 

stormwater from the pavement minimizes the conditions which can result in the 

hazardous phenomenon of hydroplaning.  Adequate cross -slope and longitudinal 

grade enhance such rapid removal. Where curb and gutter are necessary, the 

provision of sufficient inlets in conjunction with satisfactory cross - slope and 

longitudinal slope are necessary to efficiently remove the wat er and limit the 

spread of water on the pavement. Inlets at strategic points on ramp 

intersections and approaches to superelevated curves will reduce the likelihood 

of gutter flows spilling across roadways. Satisfactory cross -drainage facilities 

will limit  the buildup of ponding against the upstream side of roadway 

embankments and av oid overtopping of the roadway.  

 

Stormwater management is an increasingly important consideration in the 

design of roadway drainage systems. Existing downstream conveyance 

const raints, particularly in cases where the roadway drainage system connects 

to existing pipe systems, may warrant installation of detention/recharge basins 

to limit the peak discharge to the capacity of the downstream system. Specific 

stormwater management re quirements to control the rate and volume of runoff 

may be dictated by various regulatory agencies.  

 

Water quality is also an increasingly important consideration in the design of 

roadway drainage systems, particularly as control of non -point source pollut ion 

is implemented. Specific water quality requirements may be dictated by various 

regulatory agencies.  

 

Detailed requirements regarding water quality control are included in Section 

12 .0  of this Manual and the separate document prepared by the  New Jersey 

Department of Environmental Protection  (NJDEP)  entitled Stormwater Be st 

Management Practices Manual.  

 

The optimum roadway drainage design should achieve a balance among public 

safety, the capital costs, operation and maintenance costs, public convenience, 

environmental enhancement and other design objectives.  

 

The purpose of this manual  is to provide the technical information and 

procedures required for the design of culverts, storm drains, channels, and 

stormwater management facilities. This section contai ns design criteria and 

information that will be required for the design of highway drainage structures. 

The complexity of the subject requires referring to additional design manuals 

and reports for more detailed i nformation on several subjects.  

 

1.2  Defini tions and Abbreviations  

 

Following is a list of important terms which will be used throughout this volume.  
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AWS  -  Allowable water surface elevations -  The water surface elevation  above 

which damage will occur.  

AHW  -  Allowable headwater elevation -  The allo wable water surface elevation 

upstream from a cul vert.  

Backwater -  The increased depth of water upstream from a dam, culvert, or 

other drainage structure due to the  existence of such obstruction.  

Best Management Practice (BMP)  ï A structural feature or non -structural 

development strategy designed to minimize or mitigate for impacts associated 

with stormwater runoff, including flooding, water pollution, erosion and 

sedimentation, and reduction in groundwater recharge.  

Bioretention  ï A water quality treatment  system consisting of a soil bed 

planted with native vegetation located above an underdrained sand layer. It 

can be configured as either a bioretention basin or a bioretention swale. 

Stormwater runoff entering the bioretention system is filtered first thro ugh the 

vegetation and then the sand/soil mixture before being conveyed downstream 

by the underdrain system.  

Category One  Waters  ï Those waters designated in the tables in N.J.A.C. 

7:9B -4.15(c) through (h) for the purposes of implementing the Antidegradati on 

Polices in N.J.A.C. 7:9B -4. These w aters receive d special protection under the 

Surface Water Quality Standards because of their clarity, color, scenic setting 

or other characteristics of aesthetic value, exceptional ecological significance, 

exceptional recreational significance, exceptional water supply significance or 

exceptional  fisheries  resource(s) . More  information  on  Category  One Waters  can  

be found on  the New Jersey Department  of Environmental  Protectionôs (NJDEP) 

web  site s http://www.state.nj.us/dep  and  

http://www.state.nj.us/dep/antisprawl/c1.html .  

Channel -  A perceptible natural or artificial waterway which periodically or 

continuously cont ains moving water. It has a definite bed and banks which 

confine the water. A roadside ditch, therefore,  would be considered a channel.  

Culvert  ï A hydraulic structure that is typically used to convey surface waters 

through embankments. A culvert is typica lly designed to take advantage of 

submergence at the inlet to increase hydraulic capacity. It is a structure, as 

distinguished from a bridge, which is usually covered with embankment and is 

composed of structural material around the entire perimeter, altho ugh some 

are supported on spread footings with the stream bed serving as the bottom of 

the culvert . Culverts are further differentiated from bridges as having spans 

typically less than 25 feet.  

Dam  -  Any artificial dike, levy or other barrier together with  appurtenant 

works, which impounds water on a permanent or temporary basis, that raises 

the water level 5 feet or more above its usual mean low water height when 

measured from the downstream toe -of -dam to the emergency spillway crest or, 

in the absence of an emergency spillway, to the top of d am.  

Design Flow  -  The flow rate at a selected recurrence interval.  

Fluvial Flood  -  A flood which is caused entirely by runoff from rainfall in  the 

upstream drainage area and is not influenced by the tide or tidal surge . 

Flood p lain -  The area described by the perimeter of the Design Flood. That 

portion of a river valley which has been covered with water when the river 

overflowed its banks at flood stage. An area designated by a  governmental 

agency as a flood plain.  

http://www.state.nj.us/dep
http://www.state.nj.us/dep/antisprawl/c1.html
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Pipe  -  A conduit that conveys stormwater which is intercepted by the inlets, to 

an outfall where the stormwater is discharged to the receiving waters. The 

drainage system consists of differing lengths and sizes of pipe connected by 

drainage structures.  

Recurrenc e Interval  -  The average interval betwe en floods of a given 

magnitude.  

Regulatory Flood ï For delineated streams (i.e., those for which a State 

Adopted Flood Study exists), it is the Flood Hazard Area Design Flood, which is 

the 100 -year peak disc harge incr eased by 25 percent. State Adopted Flood 

Studies can be obtained from the NJDEP Bureau of Floodplain Management. For 

non -delineated streams, it is the 100 -year peak discharge, based on fully 

developed conditions within the watershed . 

Scour  ï Erosion of str eam bed or bank material due to flowing water; often 

considered as being localized.  

Stream Encroachment -  Any manmade alteration, construction, development , 

or othe r activity within a floodplain.  

Time of Concentration ( Tc)  ï Time required for water to flow  from the most  

hydraulically distant  (but hydraulically significant) point of a watershed , to the 

outlet.  

Total Suspended Solids  (TSS)  -  Solids in water that can be trapped by a 

filter, which include a wide variety of material, such as silt, decaying plant  and 

animal matter, industrial wastes, and sewage.  

 

1.3  Design Procedure Overview  

 

This chapter outlines the general process of design for roadway drainage 

systems. Detailed information regarding drainage design is included i n the 

remainder of this Manual.  

 

A.  Preliminary investigation will be performed using available record data, 

including reports, studies, plans, topographic maps, etc., supplemented with 

field reconnaissance. Information should be obtained for the project area 

and for adjacent stormwater ma nagement projects that may affect the 

highway drainage.  

 

B.  Site Analysis : At each site where a drainage structure(s) will be 

constructed, the following items should be evaluated as appropriate from 

information given by the preliminary investigation:  

 

1.  Drai nage Area.  

2.  Land Use.  

3.  Allowable Headwater.  

4.  Effects of Adjacent Structures (upstream and downstream).  

5.  Existing Streams and Discharge Points.  

6.  Stream Slope and Alignment.  

7.  Stream Capacity.  

8.  Soil Erodibility.  

9.  Environmental permit concerns  and constraints.  

 

Coordination with representatives of the various environmental disciplines is 

encouraged.  
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C. Recurrence Interval : Select a recurrence interval in accordance with the 

design policy set forth in Section  2.0 . 

 

D.  Hydrologic Analysis : Compute th e design flow utilizing the appropriate 

hydrologic method outlined in Section  3.0 . 

 

E. Hydraulic Analysis : Select a drainage system to accommodate the design 

flow utilizing the procedures outlined in the following parts:  

 

1.  Channel Design ï Section  4.0  

2.  Drainage of Highway Pavements ï Section  5.0  

3.  Storm Drains -  Section  6.0  

4.  Median Drainage ï Section  7.0  

5.  Culverts -  Section  8.0  

 

F. Environmental Considerations : Environmental impact of the proposed 

drainage system and appropriate methods to avoid or mitig ate adverse 

impacts should be evaluated. Items to be considered include:  

 

1.  Stormwater Management  

2.  Water Quality  

3.  Soil Erosion and Sediment Control  

4.  Special Stormwater Collection Procedures  

5.  Special  Stormwater Disposal Procedures  

 

These elements should be considered during the design process and 

incorporated in to the design as it progresses.  

 

G.  Drainage Review:  The design engineer  should inspect the drainage system 

sites to check topography and the validity of the design. Items to check 

include:  

 

1.  Drainage Area  

a.  Size  

b.  Land Use  

c.  Improvements  

2.  Effects of Allowable Computed Headwater  

3.  Performance of Existing or Adjacent Structures  

a.  Erosion  

b.  Evidence of High Water  

4.  Channel Condition  

a.  Erosion  

b.  Vegetation  

c.  Alignment of Proposed Faci lities with Channel  

5.  Impacts on Environmentally Sensitive Areas  
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2 .0  Drainage Policy  
 

2.1  Introduction  

 

This part contains procedures and criteria that are essential for roadway 

drainage design.  

 

2.2  Stormwater Management and Non - Point Source Pollution Control  

 

Stormwater is a component of the total water resources of an area and should 

not be casually discarded but rather, where feasible, should be used to 

replenish that resource. In many instances, stormwater problems signal either 

misuse of a resource  or unwise land activity.  

 

Poor management of stormwater increases total flow, flow rate, flow velocity 

and depth of water in downstream channels. In addition to stormwater peak 

discharge and volume impacts, roadway construction or modification usually 

inc reases non -point source pollution primarily due to the increased impervious 

area. Properly designed stormwater management facilities, particularly 

detention/recharge basins, can also be used to mitigate non -point source 

pollution impacts by providing exten ded containment duration, thereby allowing 

settlement of suspended solids. Sections 2.6,  11 .0  and 12 .0  of this Manual and 

the Stormwater Best Management Practices Manual prepared by the New Jersey 

Department of Environmental Protection (NJDEP) provide the guidance in the 

planning and design of these facilities.  

 

An assessment of the impacts the project will have on existing peak flows and 

watercourses shall be made by the design engineer  during the initial phase. The 

assessment shall identify the need for s tormwater management and non -point 

source pollution control (SWM & NPSPC) facilities and potential locations for 

these facilities. Mitigating measures can include, but are not limited to, 

detention/recharge basins, grassed swales, channel stabilization mea sures, an d 

easements.  

 

Stormwater management, whether structural or non -structural, on or off site, 

must fit into the natural environment, and be  functional, safe, and aesthetically 

acceptable. Several alternatives to manage stormwater and provide water 

qu ality may be possible for any location. Careful design and planning by the 

engineer, hydrologist, biologist, environmentalist, and landscape archite ct can 

produce optimum results.  

 

Design of SWM & NPSPC measures must consider both the natural and man -

made existing surroundings. The design engineer  should be guided by this and 

include measures in design plans that are compatible with the site specific 

surroundings. Revegetation with native, non - invasive grasses, shrubs and 

possibly trees may be required to a chieve compatibility with the surrounding 

environment. Design of major SWM & NPSPC facilities may require coordination 

with the New Jersey Department of Transportation (NJDOT) -Landscape and 

Urban Design Unit, Bureau of Environmental Services, and other sta te and 

various regulatory agencies.  

 

SWM & NPSPC facilities shall be designed in accordance with Sections 11 .0 and 

12 .0  and the Stormwater Best Management Practices Manual prepared by the 

NJDEP or other criteria where applicable,  as directed by the Departm ent.  
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Disposal of roadway runoff to available waterways that either cross the 

roadway or are adjacent to it spaced at large distances, requires installation of 

long conveyance systems. Vertical design constraints may make it impossible to 

drain a pipe or s wale system to existing waterways. Discharging the runoff to 

the groundwater with a series of leaching or seepage basins (sometimes called 

a Dry Well) may be an appropriate alternative if groundwater levels and non -

contaminated, permeable soil conditions a llow a properly designed system to 

function as designed. The decision to select a seepage facility design must 

consider geotechnical, maintenance, and possibly right -of -way (ROW) impacts 

and will only be al lowed if no alternative exists.  

 

The seepage facil ities must be designed to store the entire runoff volume for a 

design storm compatible with the storm frequency used for design of the 

roadway drainage facilities or as directed by the Department. As a minimum, 

the seepage facilities shall be designed to s tore the increase in runoff volume 

from new impervious surfaces as long as adequate overflow conveyance paths 

are available to safely carry the larger flo ws to a stable discharge point.  

 

Installation of seepage facilities can also satisfy runoff volume con trol and 

water quality concerns which may be requi red by an environmental permit.  

 

Additional design guidelines are included in the NJDEP Stormwater Be st 

Management Practices Manual.  

 

2.3  Allowable Water Surface Elevation  

 

Determine the allowable water sur face elevation (AWS) at every site where a 

drainage facility will be constructed. The proposed drainage structure should 

cause a ponding level, hydraulic grade line elevation, or backwater elevation no 

greater than the AWS when the design flow is imposed o n the facility. The AWS 

must comply with NJDEP requirements for locations that require a Stream 

Encroachment Permit. The AWS upstream of a proposed drainage facility at 

locations that do not require a Stream Encroachment Permit should not cause 

additional flooding outside the NJDOT property or acquired easements. An AWS 

that exceeds a reasonable limit may require concurrence of the affected 

property owner.  

 

A floodplain study prepared by the New Jersey Department of Environmental 

Protection, the Federal Eme rgency Management Agency, the U.S. Army Corps 

of Engineers, or other recognized agencies will be available at some sites. The 

elevations provided in the approved study will be used in the hydraulic model.  

 

The Table  2-1 presents additional guidelines for d etermining the AWS at 

locations where a Stream Encroachment Permit is not required.  
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Table 2 - 1  

Allowable  W ater  Surface  (AWS)  

 

Land Use or Facility  AWS  

Residence  Floor elevation (slab floor), basement window, 

basement drain (if seepage potential is 

presen t)  

Commercial Building (barn, store, 

warehouse, office building, etc.)  

Same as for residence  

Bridge  Low steel  

Culvert  Top of culvert -  New structure  

Outside edge of road -  Existing structure  

Levee  Min 1 foot below top of Levee  

Dam  See NJDEP Dam Safety  Standards  

Channel  Min 1 foot below top of low bank  

Road  Min 1 foot below top of grate or manhole rim 

for storm sewers  

 

The peak 100 -year water surface elevation for any new detention/retention 

facility must be contained within NJDOT property or acquire d easements. No 

additional flooding shall result outside the NJDOT property or acquired 

easements.  

 

2.4  Recurrence Interval   

 

Select a flood recurrence interval consistent with Table 2 -2:  

 

Table 2 - 2  

Recurrence Interval  

 

Recurrence 

Interval  
Facility Descrip tion  

100 -Year  Any drainage facility that requires a NJDEP permit for a non -

delineated stream. For delineated watercourses contact the 

NJDEP Bureau of Floodplain Management.  

50 -Year  Any drainage structure that passes water under a freeway or 

interstate hi ghway embankment, with a headwall or open end at 

each side of the roadway.  

25 -Year  Any drainage structure that passes water under a land service 

highway embankment, with a headwall or open end at each side 

of the roadway. Also, pipes along the mainline of  a freeway or 

interstate highway that convey runoff from a roadway low point 

to the disposal point, a waterway, or a stormwater maintenance 

facility.  

15 -Year  Longitudinal systems and cross drain pipes of a freeway or 

interstate highway. Also pipes along m ainline of a land service 

highway that convey runoff from a roadway low point to the 

disposal point, a waterway, or a stormwater maintenance 

facility.  

10 -Year  Longitudinal systems and cross drain pipes of a land service 

highway.  
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2.5  Increasing Fill Heig ht Over Existing Structures   

 

Investigate the structural adequacy of existing structures that will have 

additional loading as the result of a surcharge p lacement or construction loads.  

 

2.6  Regulatory Compliance  

 

Proposed construction must comply with the requirements of various regulatory 

agencies. Depending on the project location, these agencies could include, but 

are not limited to, the US Army Corps of Engineers, U. S. Coast Guard, the New 

Jersey Department of Environmental Protection, the Pinelands Co mmission, the 

Highlands Council and the Delaware  and Raritan Canal Commission.  

 

The NJDEP has adopted amendments to the New Jersey Pollution Discharge 

Elimination System (NJPDES) program to include a Construction Activity 

Stormwater General Permit (NJ 0088 323). This program is administered by the 

NJ Department of Agriculture through the Soil Conservation Districts (SCD) . 

Certification by the local SCD is not required for NJDOT projects. However, 

certification by the local SCD is required for non -NJDOT proje cts (i.e., a County 

is the applicant). A Request for Authorization (RFA) for a NJPDES Construction  

Stormwater  Permit is needed only for non -NJDOT projects that disturb more 

than one ( 1)  acre and must be submitted to the local SCD . 

 

The NJDEP has adopted th e New Jersey Stormwater Management Rule, N.J.A.C. 

7.8 . The Stormwater Management Rule governs all projects that provide for 

ultimately disturbing one ( 1)  or more acres of land or increasing impervious 

surface by 0.25 acre or more . The following design and performance standards 

need to be addressed for any project governed by the Stormwater Management 

Rule:  

 

 Nonstructural Stormwater Management Strategies, N.J.A.C. 7:8 -5.3  

To the maximum extent possible, nonstructural stormwater BMPs shall 

be used to meet the  requirements of the Stormwater Management Rule . 

If the design engineer  determines that it is not feasible for engineering, 

environmental or safety reason to utilize nonstructural stormwater 

BMPs, structural BMPs may be utilized.  

 Groundwater Recharge, N.J. A.C. 7:8 -5.4(a)2  

For the project, the design engineer  shall demonstrate either that the 

stormwater BMPs maintain 100% of the average annual preconstruction 

groundwater recharge volume for the site; or that the increase in 

stormwater runoff volume from pre -construction to post -construction for 

the 2 -year storm is infiltrated . NJDEP has provided an Excel Spreadsheet 

to determine the project sites annual groundwater recharge amounts in 

both pre -  and post -development site conditions . A full explanation of the 

spreadsheet and its use can be found in Chapter 6 of the New Jersey 

Stormwater Best Management Practices Manual . A copy of the 

spreadsheet can be downloaded from http://www.njstormwater.org.  

 Stormwater Quantity, N.J.A.C. 7:8 -5.4(a)3  

Stormwater BMPs shall be  designed to do one of the following:  

1.  The post -construction hydrograph for the 2 -year, 10 -year, and 

100 -year storm events do not exceed, at any point in time, the 

pre -construction runoff hydrographs for the same storm events.  

2.  There shall be no increase, as  compared to the pre -construction 

condition, in peak runoff rates of stormwater leaving the project 
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site for the 2 -year, 10 -year, and 100 -year storm events and that 

the increased volume or change in timing of stormwater runoff 

will not increase flood damag e at or downstream of the site . This 

analysis shall include the analysis of impacts of exiting land uses 

and projected land uses assuming full development under 

existing zoning and land use ordinances in the drainage area.  

3.  The post -construction peak runoff  rates for the 2 -year, 10 -year, 

and 100 -year storm events are 50%, 75%, and 80%, 

respectively, of the pre - construction rates . The percentages apply 

only to the post -construction stormwater runoff that is attributed 

to the portion of the site on which the p roposed development or 

project is to be constructed.  

4.  Along tidal or tidally influenced waterbodies and/or i n tidal 

flood plains , stormwater runoff quantity analysis shall only be 

applied if the increased volume of stormwater runoff could 

increase flood dama ges below the point of discharge . Tidal 

flooding is the result of higher than normal tides which in turn 

inundate low lying coastal areas . Tidal areas are not only 

activities in tidal waters, but also the area adjacent to the water, 

including fluvial river s and streams, extending from the mean 

high water line to the first paved public road, railroad or 

surveyable property line. At a minimum, the zone extends at 

least 100 feet but no more than 500 feet inland from the tidal 

water body.  

 Stormwater Quality, N. J.A.C. 7:8 -5.5  

Stormwater BMPs shall be designed to reduce the post -construction load 

of TSS in stormwater runoff generated from the water quality storm by 

80% of the anticipated load from the developed site . Section 12 and the 

Stormwater Best Management P ractices Manual provide guidance in the 

planning and design of these facilities.  

 Stormwater Maintenance Plan, N.J.A.C. 7:8 -5.8  

The design engineer  shall prepare  a stormwater management facility 

maintenance plan  in accordance with the New Jersey Stormwater Rule . 

At a minimum the maintenance plan shall include specific preventative 

maintenance tasks and schedules. Maintenance guidelines for 

stormwater management measures are available in the New Jersey 

Stormwater Best Management Practices Manual.  

 

For project s located within the Pinelands or Highlands areas of the State, the 

design engineer  should consult with the NJDEP to determine what additional 

stormwater management requirements may apply to the project . Additional 

information about the Pinelands can be fo und at 

http://www.state.nj.us/pinelands/, and information about the Highlands can be 

found at http://www.nj.gov/dep/highlands/.  

 

On NJDOT projects, a RFA does not have to be sent to the SCD, but instead the 

environmental team sends a notification directly to the NJDEP. A RFA would 

have to be sent to the appropriate Soil Conservation District only for non -

NJDOT projects (i .e. a County is the applicant).  

 

The NJDOT Bureau of Environmental Services will provide guidance regarding 

project specific permit requir ements. Guidance regarding NJDEP Stream 

Encroachment Perm its is provided in Section 2.7.  
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2.7  Stream Encroachment  

 

Stream Encroachment Permits for which the NJDOT is the applicant shall be 

processed in accordance with Section 13 of the NJDOT Procedures Man ua l and 

the following guidelines.  

 

Applicability and specific requirements for all Stream Encroachment Permits 

may be found in the most recent Flood Hazard Area Control Act Rules as 

adopted by the New Jersey Department of Environmental Protection (NJDEP). 

Specific requirements for bridges and culverts are con tained in N.J.A.C. 7.13 -  

2.16.  

 

In cases where the regulatory flood causes the water surface to overflow the 

roadway, the design engineer  shall, by raising the profile of the roadway, by 

increasing the  size of the opening or a combination of both, limit the water 

surface to an elevation equal to the elevation of the outside edge of shoulder. 

The design engineer  is cautioned, however, to critically assess the potential 

hydrologic and hydraulic effects up stream and downstream of the project, 

which may result from impeding flow by raising the roadway profile, or from 

decreasing upstream storage and allowing additional flow downstream by 

increasing existing culvert openings. The design engineer  shall determi ne what 

effect the resulting reduction of storage will have on peak flows and the 

downstream properties in accordance with the Flood Hazard Area Control Act 

Rules. Stormwater management facilities may be required to satisfy these 

requirements . 

 

N.J.A.C. 7: 13 -  2.3(b)1. indicates that the discharge for non -delineated 

watercourses is to be based on ultimate development in accordance with the 

current zoning plan. Hydraulic evaluation of existing roadway stream crossings 

may reveal that the water surface elevat ion for this discharge overtops the 

roadway. Compliance with both the bridge and culvert requirements presented 

in N.J.A.C. 7:13 -  2.16 and the NJDOT requirement to avoid roadway 

overtopping may require coordination between the agencies involved to achieve  

a reasonable design approach. In addition to the regulations listed above, the 

bridge and culvert design will be in compliance with the NJDEPôs Technical 

Manual for Land Use Regulation Program, Bureaus of Inland and Coastal 

Regulations, Stream Encroachmen t Permits, which includes the following:  

 

 Structures will pass the regulatory flood without increasing the upstream 

elevation of the flood profile by more than 0.2 feet if the structure is 

new or the upstream and downstream flood profile by more than 0.0 

feet if the structure is a replacement for an existing structure.  

 For new structures that result in lowering the downstream water surfac e 

elevation by 2 or 3 feet , the engineer must  perform a routing analysis to 

verify that there are no  adverse  impacts furt her downstream . 

 

Activities located along tidal  water bodies listed in the Flood Hazard Area Control 

Act Rules are not governed by NJDEP, Land Use Regulation Program, Stream 

Encroachment Section; however, a permit may be required from another  unit of 

the NJ DEP. 

 

When a permit is required, the NJDOT Drainage Engineer shall be notified in 

writing. This notice shall include a USGS Location Map with the following 

information:  
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a.  A title block identifying the project by name, the applicant, and the  name of 

the quad rangle.  

b.  The limits of the project and point of encroachment shown in  contrasting 

colors on the map.  

c.  The upstream drainage area contributing runoff shall be outlined for all 

streams and/or swal es within or along the project.  

 

If the NJDOT Project  Engineer, after consultation with NJDEP, determines 

that a pre -application meeting is desirable, the following engineering data 

may also be required for discussion at a  NJDEP pre -application meeting.  

 

d.  A 1" = 30' scale plan with the encroachment location noted thereo n.  

e.  In the case of a new or replacement structure or other type encroachment, 

the regulatory floodwater surface elevation as required for the review and 

analysis of the project i mpacts and permit requirements.  

 

The design engineer  is also required to determ ine whether a particular 

watercourse involved in the project is classified by the State as a Category One 

waterbody, and if so, shall design the project in accordance with the provisions 

at N.J.A.C. 7:9B -4. Projects involving a Category One waterbody shall  be 

designed such that a 300 - foot special water resource protection area is 

provided on each side of the water body . Encroachment within this 300 - foot 

buffer is prohibited ex cept in instances where preexisting disturbance exists. 

Where preexisting disturban ce exists, encroachment is allowed , provided that 

the 95% TSS removal standard is met and the loss of function is addressed. 

More information on Category One Waters can be found  

 in  the NJDEPôs web sites http://ww w.state.nj.us/dep  or 

http://www.state.nj.us/dep/antisprawl/c1.html . 

 

2.8  Soil Erosion and Sediment Control  

 

The design for projects that disturb 5 ,000 or more square feet do not require 

plan c ertification from the local Soil Conservation District, but shall be prepared 

in accordance with the current version of the NJDOT Soil Erosion and Sediment 

Control Standards, including the required report. The Soil Erosion and Sediment 

Control Report shall  include calculations and plans that address both temporary 

and permanent items for the engineering and vegetative standards. 

Calculations shall be shown for items that require specific sizing (e.g., rip rap, 

settling basins, etc.). Certification by the lo cal Soil Conservation District is not 

required for NJDOT projects. Certification by the local Soil Conservation District 

is required for non -NJDOT projects (i. e., a County is the applicant).  

 

http://www.state.nj.us/dep
http://www.state.nj.us/dep/antisprawl/c1.html
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3 .0  Hydrology  
 

3.1  Introduction  

 

Hydrology is generally defined as a science dealing with the interrelationship 

between water on and under the earth and in the atmosphere. For the purpose 

of this section, hydrology will deal with estimating flood magnitudes as the 

result of precipitation. In the design of highway drainage  structures, floods are 

usually considered in terms of peak runoff or discharge in cubic feet per second 

(cfs) and hydrographs as discharge per time. For drainage facilities which are 

designed to control volume of runoff, like detention facilities, or wher e flood 

routing through culverts is used, then the entire discharge hydrograph will be of 

interest. The analysis of the peak rate of runoff, volume of runoff, and time 

distribution of flow is fundamental to the design of drainage facilities. Errors in 

the estimates will result in a structure that is either undersized and causes 

more drainage problems or oversized  and costs more than necessary.  

 

In the hydrologic analysis for a drainage facility, it must be recognized that 

many variable factors affect floods . Some of the factors which need to be 

recognized and considered on an individ ual site by site basis include:  

 

 rainfall  amount and storm distribution,  

 drainage area size, shape and orientati on, ground cover, type of soil,  

 slopes  of terrain and stream(s),  

 antecedent moisture condition,  

 storage potential (overbank, ponds, wetlan ds, reservoirs, channel, etc.),  

 water shed development potential, and  

 type of precipitation (rain, snow, hail, or co mbinations thereof), elevation.  

 

The type and source of information a vailable for hydrologic analysis will vary 

from site to site. It is the responsibility of the design engineer  to determine the 

information required for a particular analysis. This subsection contains 

hydrologic methods by which peak flows and hydrographs m ay be determined 

for the hydraulic evaluation of drainage systems of culver ts, channels and 

median drains.  
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3.2  Selection of Hydrologic Methods  

 

The following guidelines should be used to select the hydrology method for 

computing the design peak flow:  

 

Ta ble 3 - 1  

Hydrologic Method  

 

Size of Drainage Area  Hydrologic Method ÿ 

Less than  20  Acres  
Rational Formula  or Modified 

Rational Method  

Less than 5 Square Miles  NRCS*  TR-55 Methodology  

Greater than 1 Acre  
NRCS*  TR-20, HEC -1 Method, 

HEC-HMS or others À 

 
ÿ For all projects in certain areas south of the South 

Central flat inland and New Jersey Coastal Plain, the 

DELMARVA Unit Hydrograph shall be incorporated into 

the design procedure. Contact the local Soil Conservation 

District to determine if the DELMARVA un it hydrograph is 

to be used for the project.  
*  US Natural Resources Conservation Service (NRCS), 

formerly the US Soil Conservation Service (SCS).  
 These hydrologic models are not limited by the size of 

the drainage area . They are instead limited by unifor m 

curve number, travel time, etc . Most of these limitations 

can be overcome by subdividing the drainage areas into 

smaller areas . See the appropriate users manual for a 

complete list of limitations for each hydrologic model.  
À Many hydrologic models exist beyond those that are 

listed here . If a model is not included, then the design 

engineer  should ensure that the model is appropriate 

and that approvals are obtained from the Department.  

 

The peak flow from a drainage basin is a function of the basin ôs physi ographic 

properties such as size, shape, slope, soil type, land use, as well as 

climatological factors such as mean annual rainfall and selected rainfall 

intensities. The methods presented in the guideline should give acceptable 

predictions for the indicat ed ranges of drainage area s izes and basin 

characteristics.  

 

Other hydrologic methods may be used only with the approval of the 

Department.  

 

NOTE:  If a watercourse  has had a NJDEP adopted study prepared for the 

particular reach  where the project is locate d, that study should be used for the 

runoff and water surface profiles. NJDEP does not accept FEMA studies , since 

the FEMA hydrologic  models do not consider that the entire drainage area is to 

be fully developed.   The design engineer  should ensure  that the  hydrologic 

model used  takes into account the NJDEP requirement that the entire upstream 

drainage area is to be considered fully developed.  

 

Computation of peak discharge must consider the condition that yields the 

largest rate. Proper hydrograph combinati on is essential. It may be necessary 
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to evaluate several different hydrograph combinations to determine the peak 

discharge for basins containing hydrographs with significantly different times 

for the peak discharge. For example, the peak discharge for a ba sin with a large 

undeveloped area contributing toward the roadway may result from either the 

runoff at the time when the total area reaches the roadway or the runoff from 

the roadway area at its peak time plus the runoff from the portion of the 

overland ar ea contributing at the same time.  

 

3.3  Rational Formula  

 

The rational formula is an empirical formula relating runoff to rainfall intensity. 

It is e xpressed in the following form:  

 

Q =  CIA  

 

Where :  

 

Q =  peak flow in cubic feet per second ft 3/s  

C =  runoff co efficient (weighted)  

I  =  rainfall intensity in inches (in) per hour  

A  =  drainage area in acres  

 

A.  Basic Assumptions  

 

1.  The peak rate of runoff (Q) at any point is a direct function of the 

average rainfall intensity (I) for the Time of Concentration  (T c) to  that 

point.  

2.  The recurrence interval of the peak discharge is the same as the 

recurrence interval of the average rainfall intensity.  

3.  The Time of Concentration  is the time required for the runoff to become 

established and flow from the most distant po int of the drainage area to 

the point of discharge.  

 

A reason to limit use of the rational method to small watersheds pertains to 

the assumption that rainfall is constant throughout the entire watershed. 

Severe storms, say of a 100 -year return period, gene rally cover a very 

small area. Applying the high intensity corresponding to a 100 -year storm 

to the entire watershed could produce greatly exaggerated flows, as only a 

fraction of the area may be experiencing such a n intensity at any given 

time.  

 

The varia bility of the runoff coefficient also favors the application of the 

rational method to small, developed watersheds. Although the coefficient is 

assumed to remain constant, it actually changes during a storm event. The 

greatest fluctuations take place on un paved surfaces as in rural settings. In 

addition, runoff coefficient values are much more difficult to determine and 

may not be as accurate for surfaces that are not smooth, uniform and 

impervious.  

 

To summarize, the rational method provides the most relia ble results when 

applied to small, developed watersheds and particularly to roadway 

drainage design. The validity of each assumption should be verified for the 

site before proceeding.  
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B.  Procedure  

 

1.  Obtain the follo wing information for each site:  

a.  Draina ge area  

b.  Land use (% of impermeable area such as pavement, sidewalks or 

roofs)  

c.  Soil types (highly permeable or impermeable soils)  

d.  Distance from the farthest point of the drainage area to the point of 

discharge  

e.  Difference in elevation from the fa rthest point of the drainage area to 

the point of discharge  

2.  Determine the Time of Concentration  (T c). See Section 3.5.  

(Minimum T c is 10 minutes).  

3.  Determine the rainfall intensity rate (I) for the selected recurrence 

intervals.  

4.  Select the appropr iate C value.  

5.  Com pute the design flow (Q = CIA).  

 

The runoff coefficient (C) accounts for the effects of infiltration, detention 

storage, evapo - transpiration, surface retention, flow routing and 

interception. The product of C and the average rainfall in tensity (I) is the 

rain fall excess of runoff per acre.  

 

The runoff coefficient should be weighted to reflect the different conditions  

that exist within a watershed.  

 

Example:  

Cw    =  

A1C1+ A 2C2  . . . A NCN  

 

A1  + A 2  . . . A N  

 

C. Value for C :   Select the app ropriate value for C from Table  3-2:  
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Table 3 - 2  

Recommended Coefficient of Runoff Values  

for Various Selected Land Uses  

 

Land Use  Description  
Hydrologic Soils Group  

A B C D 

Cultivated Land  without conservation treatment  

with conservation treatment  

0.4 9 

0.27  

0.67  

0.43  

0.81  

0.67  

0.88  

0.67  

Pasture or Range Land 

Meadow  

poor condition  

good condition  

good condition  

0.38  

---  

---  

0.63  

0.25  

---  

0.78  

0.51  

0.41  

0.84  

0.65  

0.61  

Wood or Forest Land  thin stand, poor cover, no mulch  

good cover  

---  

---  

0.34  

---  

0.59  

0.45  

0.70  

0.59  

Open Spaces, Lawns, Parks, 

Golf Courses, Cemeteries  

Good Condition  

Fair Condition  

 

 

grass cover on 75% or more  

grass cover on 50% to 75%  

 

 

---  

---  

 

 

0.25  

0.45  

 

 

0.51  

0.63  

 

 

0.65  

0.74  

Commercial and Business 

Area  

85% impervious  0.84  0.90  0. 93  0.96  

Industrial Districts  72% impervious  0.67  0.81  0.88  0.92  

Residential  

Average Lot Size (acres)  

1/8  

1/4  

1/3  

1/2  

1 

average % impervious  

 

65  

38  

30  

25  

20  

 

 

0.59  

0.29  

---  

---  

---  

 

 

0.76  

0.55  

0.49  

0.45  

0.41  

 

 

0.86  

0.70  

0.67  

0.65  

0.63  

 

 

0.90  

0.80  

0.78  

0.7 6 

0.74  

Paved Areas  parking lots, roofs, driveways, 

etc.  

0.99  0.99  0.99  0.99  

Streets and Roads  paved with curbs & storm sewers  

Gravel  

dirt  

0.99  

0.57  

0.49  

0.99  

0.76  

0.69  

0.99  

0.84  

0.80  

0.99  

0.88  

0.84  

NOTE:  Values  are based on NRCS (formerly  SCS) definiti ons and are average values.  

Source:  Technical Manual for Land Use Regulation Program, Bureau of Inland and Coastal 

Regulations, Stream Encroachment Permits, New Jersey Department of 

Environmental Protection  

 

D.  Determination of Rainfall Intensity Rate (I) : Determine the Time of 

Concentration  (T c) in minutes for the drainage basin. Refer to Section 3.5 

for additional information.  

 

Determine the value for rainfall intensity for the selected recurrence interval 

with a duration equal to the Time of Concentratio n from Figure s 3-2 thr ough  

3-4. Rainfall Intensity "I" curves are presented in Figures  3-2 thr ough  3-4. 

The curves provide for variation in rainfall intensity according to location, 

storm frequency, and Time of Concentration . Select the curve of a particul ar 

region where the site in question is located (see Figure  3-1 for 

determination of the particular region) . For project that fall on the line or 
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span more than one boundary, the higher intensity should be used for the 

entire project . The Regions can be de fined by the following:  

 

 North Region: All Counties north of the Mercer and Monmouth County 

lines.  

 

 South Region: All Counties South of the Hunterdon, Somerset, and 

Middlesex County lines except for those areas located in the East 

Region.  

 

 East Region:  The eastern region is all municipalities east of the line 

delineated by the South municipal boundary of Sea Isle City , Cape May 

County  to the South and Western boundary of Dennis Township , Cape 

May County  to the western boundaries of Upper Township , Cape M ay 

County  and Estell Manor City , Atlantic County  to the West and North 

boundary of Weymouth Township , Atlantic County  to the North boundary 

of Estell Manor City , Atlantic County  to the Nor th and East boundary of 

Weymouth Township, Atlantic County to the No rth boundary of Egg 

Harbor Township, Atlantic County to the East and North boundary of 

Galloway Township, Atlantic County to the North boundary of Port 

Republic City, Atlantic County to the East and North boundary of Bass 

River Township, Burlington County to the North boundary of Stafford 

Township, Ocean County to the East and North boundary of Harvey 

Cedars Boro, Ocean County.  

 

The I -D-F curves provided were determined from data from the NOAA Atlas 

14, Volume 2 , Precipitation -Frequency of the United States . Development of 

Intensity -Duration -Frequency (I -D-F) curves is currently available in a 

number of computer programs. The programs develop an I -D-F curve based 

on user -supplied data or select the data from published data such as Hydro -

35  or the aforementio ned NOAA Atlas 14, Volume 2 . Appendix A of HEC -12 

contains an example of the development of rainfall intensity curves and 

equations . 
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Figure 3 - 1  
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Figure 3 - 2  

 

 



 

 
Drainage Design    Page 22  

 

 

Figure 3 - 3  
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Figure 3 - 4  

 

 
 


