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• Association of State Floodplain Managers 
National Conference

• May 15-20, 2011 - Galt House, Louisville
• http://www.kymitigation.org/ASFPM.html
• 100 Speakers, 1200 Participants



Presentation Outline
• Manual Progress
• Manual Policy Released in July

– Hydrology Policy
– Temporary Drainage Structures 

• New Policy Currently Under Development
– Drainage Folder Structure
– Software
– Water Related Impacts
– Bore & Jack 



Manual Progress



Progress To Date



Policy Released In July 2010



DR 400 Hydrology Changes

• Project Specific Precipitation Values
• Updated USGS Regional Method

– Statewide
– Jefferson County

• Adoption of NRCS Unit Hydrograph 
Method (When Hydrograph Analysis is 
Required)

• Fully Developed Watershed assumptions



Hydrologic 
Methods 
Flowchart



Precipitation Data

• In 2004, the National Oceanic and 
Atmospheric Administration released 
“NOAA Atlas 14 Volume 2 for the Ohio 
Valley Region”

• Precipitation values (depth and intensities) 
from this study are available in a web 
based application called the Precipitation 
Frequency Data Server.



Precipitation Frequency Data Server
http://dipper.nws.noaa.gov/hdsc/pfds/



Data Table



Rational Method

• Q = CIA
• “I” will now come from PFDS



NRCS Unit Hydrograph

• Natural Resources Conservation Service 
(NRCS), formerly Soil Conservation Service 
(SCS) developed the method in 1972.

• Developed by analyzing a large number of 
natural unit hydrographs from a broad 
cross-section of geographic locations and 
hydrologic regions.



NRCS Unit Hydrograph
Basic Steps
• Determine unit hydrograph characteristics 
• Determine storm criteria (Rainfall Depth 

combined with Storm Distribution)
• Determine runoff factor (CN)
• Compute rainfall excess
• Combine rainfall excess data with unit 

hydrograph to determine a runoff 
hydrograph (Convolution)



Hydrograph Principals



Hydrograph Proportionality



Combining Hydrographs



Unit Hydrograph Characteristics



Unit Hydrograph

A hydrograph of a direct runoff resulting 
from one unit (1 in.) of effective rainfall 
generated uniformly over the watershed 
area during a specified period of time or 
duration



NRCS Dimensionless Unit 
Hydrograph



Unit Hydrograph Shape 

• Tp and qp both depend largely on basin 
Lag (L) and duration of unit excess rainfall
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• The Unit hydrograph shape for a 
watershed depends on peak discharge (qp) 
and time to peak (Tp)

Peak Discharge of the 
Unit Hydrograph
Q is in Inches



Unit Hydrograph for the 
Watershed
• Basin Lag : L = .6 Tc
• Duration of unit excess rainfall : 
∆D = .133 Tc

• Resulting Unit hydrograph is a ∆D – hour 
unit hydrograph

• AKA: a hydrograph that results from one 
unit (1 inch) of excess precipitation over a 
period of ∆D



Watershed Shape



Storm Characteristics



NRCS Storm Criteria

• Acquire 24 hour storm depths for 
applicable return period from Precipitation 
Frequency Data Server 

• Apply the Type II distribution to develop a 
rainfall hyetograph (distribution of rainfall 
over time)



NRCS Rainfall Distributions



NRCS 
Type II 
Distribution



Runoff Factor 
NRCS Curve Number (CN)



Curve Number

• An index relating to the potential of the 
watershed to produce runoff.  

• Dependant on the hydrologic soil group 
(soil), the land use and treatment class 
(cover) and the antecedent moisture 
conditions.  

• Higher CN values = higher runoff potential



Curve Numbers



Hydrologic Soil Groups

• Group A: deep sand, deep loess; 
aggregated silts

• Group B: shallow loess; sandy loam
• Group C: clay loams; shallow sandy 

loam; soils low in organic content; soils 
usually high in clay

• Group D: soils that swell significantly 
when wet; heavy plastic clays; certain 
saline soils

Runoff Potential



HSG - NRCS Web Soil Survey
http://websoilsurvey.nrcs.usda.gov/app/HomePage.htm



Rainfall Excess



Rainfall Excess

• Ia & S can be calculated from CN
• Rainfall excess is divided into small pulses 

with a duration of ∆D for each pulse
• These rainfall pulses are combined with 

the unit hydrograph to determine a direct 
runoff hydrograph

SIP
)IP(Q

a

a





2 Accumulated 

Direct Runoff
(Inches)



Combining the incremental 
precipitation excess pulses from the 
design storm with the unit hydrograph 
to produce the direct runoff hydrograph

Convolution



Convolution 
of Unit 
Hydrographs



USGS Regional Method
(Peak Flow)



USGS Regional Method

• Peak flow estimating technique based on 
analysis of stream gage data

• USGS has been collecting data in Kentucky 
since 1907

• Flow rates obtained from a combination of 
stream gage data and regional regression 
equations



Applicable USGS Reports
• Water Resources Investigations Report 03-4180 

(2003) “Estimating the Magnitude of Peak Flows 
for Streams in Kentucky for Selected Recurrence 
Intervals”

• Water-Supply Paper 2207 (1983) titled “Flood 
Characteristics of Urban Watersheds in the 
United States”

• Water Resources Investigations Report 97-4219 
(1997) titled, “Estimation of Peak-Discharge 
Frequency of Urban Streams in Jefferson County 
Kentucky.”



Regional Method Review



Statewide Rural Regression Equations

• Q in cfs, A = area in acres, S = Main 
Channel Slope in ft/mile

• Constants K, b, c listed in tables in 
Drainage Manual



Regression 
Equation 
Constants for 
the North 
Region



Site Located At A Gage
• At a gage - drainage area of the site must 

be within +/- 3 percent of the drainage 
area at the USGS stream gage

• Flow is computed as a weighted average 
between the gage flow and the flow 
resulting from the appropriate regression 
equation

• These weighted flows are listed in Report 
03-4180 for each gage



Site Located Near a Gage

• Near A Gage – drainage area of the site 
ranges from 50 to 200 percent of the 
drainage area of a nearby USGS gage

• Flow determined by a weighting technique 
using the gage data and the regional 
equation.  (Not same technique used for 
“At a gage”)



Site Located On A Regulated 
Stream
• Regulated - drainage basin above the site 

contains more than 4.5 million ft3 of 
usable reservoir storage per mi2 drainage 
area

• Houston…..we have a problem
• Contact Dam Operator



Urbanized Basin

• More than 15 percent of the drainage-
basin area above the site is covered by 
some type of commercial, industrial, or 
residential development

• Nationwide Urban Regression Equations



7 Parameter Urban Regression Equations

ST - Basin Storage, percentage of the drainage basin
occupied by lakes, reservoirs, swamps and wetlands

BDF - Basin Development Factor
IA - Percentage of the drainage basin occupied by

impervious surfaces
RQ - Rural regression equation peak flow
RI2 - Rainfall depth, in inches, for the two-hour, two-year

occurrence

K, M, N, O, P, Q, R, S are constants



Basin Development Factor

• Divide Basin Into Thirds
• Each third is evaluated and assigned a 

code for:
– Channel Improvements
– Channel Linings
– Storm Drains, Storm Sewers
– Curb & Gutter Streets

• Ranges from 0 (no urbanization) -12 
(highly urbanized) 



Jefferson County Regression Equations



DR 1101
Temporary Drainage Design 

• All drainage design is based on acceptable 
levels of risk

• Design of temporary structures highlights 
this concept



Temporary Drainage Design / Risk 
Assessment
• Key Concept Examples

– A diversion that is built for a construction project that 
will last for only 3 months has a much smaller risk of 
seeing a large storm than one where the diversion will 
remain in place for 1 year.  

– Diversions in highly populated areas with houses in 
close proximity to the structure should be designed to 
higher levels than one where no dwellings are located.

– There is less acceptance to a temporary diversion 
flooding on a highly traveled route with no close 
detour as opposed to a route with low traffic or a 
close detour



Temporary Drainage Design

• As with any stream crossing, temporary 
structures should be design to accommodate 
larger floods than the “design” flood.  This 
accomplishes two primary goals
– Reduce damages from larger floods
– Avoid total washout of diversion 

• This is usually accomplished by ensuring that 
anything over the design storm overtops the 
structure.  



Two Primary Considerations in 
Determining overall Risk

• Frequency that a undesired event will 
happen

• Impact of the event



General Procedure

• Compute the following:
– Total Impact Rating Value
– Percent Design Risk
– Design Frequency

• Size so that the next highest frequency 
storm overtops



Impact
Rating
Value



Percent Design Risk



Design Frequency

Design to overtop for next return interval.



Software Policy

• Narrowing recommended software down to a 
short list

• Require these to be used?
• Phase out software that is not recommended?



Drainage Folder Structure



Goals:

1. Make Drainage Folders easier to review

2. Improve summary forms

3. Improve documentation of key decisions



Goal 1: Ease of Review

• Define consistent organization for content

• Set clear content standards



Goal 1: Ease of Review (cont’d)
• Drainage Folder organized by “Sections”



Goal 1: Ease of Review

• Similar “Section” organization concept for 
Advance Situation Folders
– Coordinate with Structural Design Manual
– Pull information from the Drainage Folder



Goal 1: Ease of Review

• Content standards
– Define specific content required for each 

Section
– Define output specifications for software 

reports
• Limit reports to that which is necessary
• Avoid massive reports



Goal 2: Improve Summary Forms

• Improve Drainage Design Summary Form 
(TC 61-100)

• Create Storm Sewer Design Summary 
Form

• Clarify Bridge & Culvert Summary Form 
(TC 61-504)

• Write Detailed Instructions for Forms



Goal 2: Improve Summary Forms
• Drainage Design Summary (TC 61-100)



Goal 2: Improve Summary Forms

• Questionnaire Comments
– Add Latitude / Longitude
– Add section for bridge scour data

• Ideas/comments still being accepted

• Instructions



Goal 2: Improve Summary Forms
• Develop Storm Sewer Summary Form

• System/outfall location 
• Pre- and Post-

developed conditions
• Downstream conditions 

and controls
• Summary of results
• Software used (and 

version #)



Goal 2: Improve Summary Forms

• Clarify the Bridge & Culvert Summary 
Form (TC 61-504)
– Name has created confusion
– Considering changing name of form and 

making minor revisions
– Detailed instructions



Goal 3: Improve Documentation

• “Drainage Executive Summaries”
– Project-wide 
– Individual drainage structures

• Show in remarks column of TC 61-504 for 
individual drainage structures

• Clearly convey information to reviewers 
regarding important decision processes



Results:

• Clear Expectations
• Consistent Folder Content
• Simplify Review
• Improve information transfer between 

various parties who use the Folders



Water Related Impacts



Current Policy
• Originated in Design Memos 19-90 and 3-91
• "Avoidance Alternatives to Water-Related 

Impacts“ included in DES and Conceptual Design 
Meeting (AKA PL&G) minutes.  Discusses 
avoidance and may address minimization. 

• "Assessment of Water-Related Impacts“ included 
in Final Inspection Report.  Includes the 
“Avoidance Alternatives to Water-Related 
Impacts“.  Addresses all three: avoidance, 
minimization and mitigation.



The Point
• Avoid impacts 
• If you can’t avoid, Minimize.  
• After you have minimized, mitigate for 

impacts that you could not avoid
• Became significant in early 1990’s when 

Section 404 permit guidelines where 
modified



Proposed Policy
• One document that is initiated during the 

conceptual design phase, and is built upon 
though final design

• This document will be entitled the “Water 
Related Impact Summary”

• First Section completed for each alternate 
considered

• Second Section completed for selected alternate
• Expanded to cover more impacts
• More definitive about contents



Why?
• The time to avoid and minimize is when the 

project is being designed
• Get designers thinking about avoiding and 

minimizing water related impacts early in the 
design process

• Will be used by DEA and Drainage Branch to 
identify major water related impacts

• Some impacts can cause project delays and 
significant permitting or mitigation costs





Boring & Jacking of Pipe



Boring & Jacking of Pipe
• Railroad involvement may require specific 

criteria.  
• We have specs that cover boring and 

jacking of: encasement pipes section 706, 
and a combination encasement-carrier 
pipe in special note 11E

• Be sure to include bid items and any 
special requirements in the contract 
documents



Please Wake Up and Head To 
Your Next Presentation

Thank You
Questions? 


