SD650.290 Purpose of South Dakota Supplement
The purpose of this supplement is to assist Area and Field staff in utilizing the most current rainfall data available, National Oceanic and Atmospheric Administration Atlas 14 (NOAA 14, version 2, Volume 8), for the design of conservation practices.  This supplement concerns use of rainfall data developed by the National Oceanic and Atmospheric Administration Atlas 14 (NOAA 14) and rainfall distributions based on the NOAA 14 data.  These rainfall data and rainfall distributions will replace rainfall data from Weather Bureau Technical Paper 40 (TP-40) and the standard NRCS rainfall distribution Type II.
This supplement updates the rainfall depths and rainfall distribution types to be used in estimating runoff and peak discharges as described in NEH Part 650, Engineering Field Handbook Chapter 2 (EFH-2).  This supplement updates the rainfall database that is used by the computer program, EFH-2.  This And additionallysupplement releases the statewide GIS shapefile for design rainfall data (depths and types).
This supplement describes the implementation process, the technical background, and gives an example application of the rainfall data in the computer program, EFH-2.
SD650.291 Implementation
Effective upon receipt, NRCS Area and Field staffs are to use the updated rainfall depths and rainfall distribution types when estimating runoff and peak discharges described in NEH 650, Chapter 2.  The implementation is in three parts, (1) updating NEH 650, Chapter 2 for South Dakota; (2) updating the databases for the EFH-2 computer program; and (3) providing a statewide GIS shapefile for design rainfall data on the Geodatabase server (F drive).
(1) The methods and data described in this supplement supersede any applicable methods and data from NEH 650, Chapter 2 for South Dakota.  The design rainfall table in Appendix 2 and rainfall maps in Appendix 5 supersedes all rainfall data in NEH 650, Chapter 2 for South Dakota.   The design rainfall data in Appendix 2 will replace rainfall depths from Weather Bureau Technical Paper 40 (TP-40).  The new rainfall distribution types (MSEE 1, MSE SE2, MSE 3, MSE 4, and MSE  5) in Appendix 2 will replace the standard NRCS rainfall type Type II.  

(2) This supplement will be implemented by replacing the rainfall database (COUNTY.SD) and rainfall distribution types (type.rf) used with the EFH-2 computer program.   A specific example application of the EFH-2 Computer Program in South Dakota is included in Appendix 1.   The procedure for loading the updated rainfall database is presented in Appendix 3.

(3) This supplement releases the statewide GIS shapefiles for design rainfall data (depths and types).  The statewide GIS shapefiles are located on the Geodatabase server (F drive).
SD650.292 Technical Background
This supplement includes information related to rainfall data and rainfall distributions for South Dakota.  Additional technical information is available from the NOAA 14 web site (http://hdsc.nws.noaa.gov/hdsc/pfds/) and NRCS technical directives such as National Engineering Handbook Part 630 – Hydrology, Chapter 4, Storm Rainfall Depth and Distribution.
Rainfall data summarized by duration and return period are integral pieces of information used for hydrologic analyses within NRCS.  In 2013, the National Oceanic and Atmospheric Administration (NOAA) released Volume 8 of NOAA Atlas 14 Precipitation-Frequency Atlas of the United States. This publication includes data for the states of Colorado, Iowa, Kansas, Michigan, Minnesota, Missouri, Nebraska, North Dakota, Oklahoma, South Dakota, and Wisconsin. The link to a PDF version of this document can be accessed through NOAA’s website http://www.nws.noaa.gov/oh/hdsc/currentpf.htm.
Using statistical analysis of precipitation data from over 16,000 climate stations in the region, this document provides precipitation depth-frequency estimates for durations of 5-minutes through 60-days at recurrence intervals of 1-, 2-, 5-, 10-, 25-, 50-, 100-, 200-, 500-, and 1000-years. This new data supersedes precipitation-frequency data found in the previously published documents U.S. Weather Bureau Technical Paper 40 (1961 - 30 min to 24 hour durations), U.S. Weather Bureau Technical Paper 49 (1961 – 2 day to 10 day durations) and NWS Hydro 35 (1977 - 5 min to 60 min durations).
NRCS uses this data for estimating peak discharges and runoff volumes which, in turn, is  are used for the sizing and design of several conservation practices such as waterways, water and sediment control basins, animal waste storage facilities, grade stabilization structures, ponds, etc. With the release of the new data, both rainfall depths and rainfall distributions will be changing and thus will impact conservation practice design. This supplement paper provides guidance recommendation for NRCS adoption of the new data.
(a) Rainfall Depth
NOAA completed Volume 8 of Atlas 14 precipitation-frequency analysis in 2013.  This is the first comprehensive precipitation-frequency analysis for the Midwest and neighboring states since TP-40 was completed in 1961.  Data are available for specific locations from an interactive web site (http://hdsc.nws.noaa.gov/hdsc/pfds/).  Alternatively, data for representative locations in South Dakota counties are included in a rainfall database (County.SD) for use with the EFH-2 computer program.  The data contained in the database are included in Appendix 2 of this Supplement.
(b) Rainfall Values
NOAA used periods of record for rainfall stations up through December 2012 to compute precipitation-duration-frequency values.  The period of record for TP-40 ended in 1958.  This additional 54 years of data gives different frequency-duration rainfall values than TP-40.  These values have been updated in 2013 for South Dakota.
The preferred method to obtain site specific NOAA 14 rainfall values for EFH-2 or other hydrologic programs is to:
1. [bookmark: _Ref307324959]Browse to http://hdsc.nws.noaa.gov/hdsc/pfds/   in a web browser.
2. Click on South Dakota on the national map.
3. In the map, navigate to drag the red cross hair icon to the project site location. Other options for selecting a location are to enter a latitude and longitude (from a GPS, for example) or select a rainfall station from a pull-down list.  Typically choose the centroid of your drainage area.
4. Scroll down on the screen below the map.  A table of precipitation-frequency data is shown for the selected location.
5. Scroll to the bottom of the screen. There is an option to save the data in a comma-separated-variable (csv) format.
6. Replace the default rainfall values on the EFH-2 Rainfall/Discharge data tab with the 24-hour duration NOAA values from the table.
The alternative method is to use representative county values that have been developed from the NOAA 14 study for use with EFH-2.  These are the default values seen in the EFH-2 computer program when the updated rainfall database (county.SD) is loaded.  The data are also included in Appendix 2 of this Supplement.
The county data for South Dakota was chosen to be the geographical center value in each county.  Note, the project site may have an actual value higher or lower than the geographical center value.  
The county data are good representative values when using a model with the precision of EFH-2 but it is not the average or minimum amount of rainfall found in any county.  If a more precise rainfall estimate is desired, site specific data may be downloaded as described above.
Rainfall in NOAA Atlas 14 can be highly variable even on a county basis, particularly in the Black Hills region where orographic effects are present.  For example, the Meade County 100-year 24-hour storm ranges from 4.27 inches to 7.42 inches.  Two counties are split into zones where two or more rainfall values are designated.  Appendix 5 of this Supplement contains county maps that designate the boundaries of the zones.   
(c) Rainfall Distribution Types
Rainfall distributions are synthetic arrangements of a total rainfall amount over time such that it includes maximum rainfall duration intensities for the selected design frequency that is critical for producing peak runoff.  Hydrologic design principles show that the critical storm duration for any watershed is the length of time required to have runoff from all parts of the watershed contributing to the outlet. This is typically referred to as “time of concentration”. For example, a watershed with a time of concentration of 1 hour would require use of a 1 hour design event at the desired return period. For a watershed with a time of concentration of 4 hours, a 4 hour event is used, etc.
Ideally, site specific rainfall distributions would be used to convert the runoff volume from the Curve Number calculations to a hydrograph.  However the EFH-2 computer program cannot handle this type of input.  Instead, EFH-2 uses equations to produce the unit peak discharge from the time of concentration and excess runoff volume.
To avoid having to use unique design rainfall events for each watershed being analyzed, NRCS employs synthetic rainfall distributions having “nested” rainfall intensities. These distributions “maximize” the rainfall intensities by nesting selected short duration intensities within those needed for longer durations at the same probability level.  Using a 24-hour rainfall amount in conjunction with an NRCS rainfall distribution will include the critical storm for all watersheds with times of concentrations between 0.1 hour up to 24 hours.
The EFH-2 computer program uses equations to relate unit peak discharge (cubic feet per second per inch of runoff per square mile of drainage area) to time of concentration in hours.  The equations and coefficients for the five NOAA 14 rainfall distribution types to be used in South Dakota, and former Type II are included in the type.RF file and Appendix 4.  Plots of the five rainfall distributions used to develop the coefficients are included in Appendix 4, Figure A4-5.
The coefficients for these equations were developed from additional modeling by the NRCS for six five new rainfall distribution types (NOAA 14 MSE 1, MSE 2, MSE 3, MSE 4, and MSE 5, and MSE6) from the NOAA 14 data.  The MSE1, MSE2, and MSE3 are the most common to be used in South Dakota.  The map of the state of South Dakota showing where to use each of the rainfall distribution types follows in Figure SD1.
These new rainfall distribution types replace the previous NRCS Type I, Ia, II, and III in EFH-2 for South Dakota.  The Type IIprevious rainfall distribution types should no longer be used and isare only included to recreate old models.
SD650.293 Limitations	Comment by Merkel, William - NRCS, Beltsville, MD: In the following paragraph we recommend using the MSE 1, MSE 2, or MSE 3 distributions (based on the rainfall distribution map of SD) for all areas under 10 square miles (if that is a specific limit used in SD).  It is not logical to change rainfall distribution for areas between 2000 acres and 10 square miles.	Comment by Moody, Helen - NRCS, Beltsville, MD: Are you saying MSE-1 will be used for all SD tersheds in this size range?
The Natural Resources Conservation Service (NRCS), in South Dakota (SD), will estimate peak flows using a curve number (CN) with Antecedent Moisture Condition (AMC) II with a Type I rainfall distribution as appropriate for the site as indicated by Figure SD1: EFH-2 Rainfall Distribution Types for South Dakota or as chosen by an Engineer for all frequencies for drainage areas between 3.12 (2000 acres) andless than 10 square miles based on information documented in SD Hydrology Technical Note No. 5, dated October 2, 2006.  For drainage areas between 1 and 2,000 acres, the NRCS will estimate peak flows for all frequencies using a CN with AMC II with a Type II rainfall distribution.  The United States Geological Survey’s regional peak flow regression equations, for SD, are not recommended for estimating peak flows for drainage areas less than 10 square miles.	Comment by Larson, Mark - NRCS, Huron, SD: New distribution type will be MSE 1	Comment by Larson, Mark - NRCS, Huron, SD: Updated October 6, 2014	Comment by Larson, Mark - NRCS, Huron, SD: remove
· If the Tc’s are not equal when there is more than one main stream in a watershed, it is imperative that the watershed be subdivided into multiple sub-areas and the WinTR-55 or WinTR-20 procedures be used to estimate peak flows.
· For drainage areas greater than 2,000 acres, Tc will be estimated by using the WinTR-55,, Win TR-20, or similar procedures.  The equation based on curve number, watershed length, and watershed slopeEq. 2-5 will not be used to estimate Tc.
· If potholes constitute more than one-third of the total drainage area, an analysis should be donen to estimate at what peak flow frequency the potholes contribute to the outlet.  The WinTR-55 or WinTR-20 procedures can aid in determining if the potholes contribute or not contribute to at the design peak flow.
[image: ]
[image: ]
Figure SD1: EFH-2 Rainfall Distribution Types for South Dakota	Comment by Merkel, William - NRCS, Beltsville, MD: Use a UTM map projection instead of this WGS projection so the state does not appear to be “Squashed”.
The Rainfall Distributions have been referred to as two different abbreviations: MW_SE_# and MSE#.  Both are one and the same and stand for Midwest Southeast in reference to the states that were a part of the NOAA Atlas 14 Volume 8 Precipitation-Frequency Atlas of the United States.


Appendix SD 650.29-1. Example Application of the EFH-2 Computer Program in South Dakota
For this example, a small watershed in Beadle County was selected.  The drainage area is 100 acres, the curve number is 75, length is 1500 feet, and average watershed slope is 2 percent.  From the rainfall distribution map above, the rainfall distribution region is MSE E2.
1. Open the EFH-2 computer program and open the Basic Data tab.  Enter State “SD” and use the pull-down menu to select “Beadle MSE 2” county.  The “MSE 2” next to the county name designates this county is in Distribution Region MSE 2. [image: ]
2. Enter the remaining data on this window.  The Drainage Area and Runoff Curve Number could alternatively have been entered by opening the RCN tab (far right side of Basic data window).  Open the Rainfall/Discharge data tab.
3. The 24-hour rainfall data for Beadle County has automatically been entered.  At this point you may replace these county values with site specific data from http://hdsc.nws.noaa.gov/hdsc/pfds/ if desired.
4. Use the Rainfall- Type pull-down menu to select MW_SE_2.[image: ]	Comment by Merkel, William - NRCS, Beltsville, MD: We recommend changing the type.rf file to label rainfall distributions as MSE 1, MSE 2, and MSE 3.  We also recommend removing the MSE 4 from this list.  Re-capture this screen and insert it here.
5. Upon choosing the rainfall type, the peak discharges and runoff depths are calculated.
6. To complete the project, click File and Save.  Print output if desired.  Close EFH-2.


Appendix SD650.29-2. County Rainfall Database (County.SD) Notes: Rainfall distribution for each county and zone are showne with the county name (MSE 1, MSE 2 or MSE 3).  The 24-hour rainfall duration values are in units of inches.
Table SD A1-1 NRCS Rainfall Values and Regional Codes for South Dakota Counties
	County
	24-hr Storm Event

	
	1 yr
	2 yr
	5 yr
	10 yr
	25 yr
	50 yr
	100 yr

	"AURORA MSE 2"
	2.1
	2.4
	2.9
	3.5
	4.2
	4.8
	5.5

	"BEADLE MSE 2"
	2.0
	2.3
	2.9
	3.4
	4.2
	4.8
	5.5

	"BENNETT MSE 1"
	1.8
	2.1
	2.6
	3.1
	3.7
	4.3
	4.8

	"BON HOMME MSE 2"
	2.2
	2.6
	3.2
	3.7
	4.5
	5.1
	5.7

	"BROOKINGS MSE 2"
	2.2
	2.5
	3.1
	3.76
	4.4
	5.0
	5.7

	"BROWN MSE 3"
	2.1
	2.5
	3.1
	3.7
	4.6
	5.3
	6.0

	"BRULE MSE 2"
	2.0
	2.3
	2.9
	3.4
	4.2
	4.8
	5.5

	"BUFFALO MSE 2"
	2.0
	2.3
	2.8
	3.3
	4.1
	4.7
	5.4

	"BUTTE MSE 2"
	1.6
	1.8
	2.2
	2.6
	3.2
	3.6
	4.1

	"CAMPBELL MSE 2"
	1.8
	2.1
	2.7
	3.2
	3.9
	4.5
	5.0

	"CHARLES MIX MSE 2"
	2.2
	2.5
	3.1
	3.6
	4.4
	5.0
	5.6

	"CLARK MSE 2"
	2.0
	2.4
	3.0
	3.6
	4.4
	5.0
	5.7

	"CLAY MSE 2"
	2.3
	2.7
	3.3
	3.9
	4.7
	5.4
	6.1

	"CODINGTON MSE 2"
	2.1
	2.5
	3.1
	3.6
	4.4
	5.0
	5.6

	"CORSON MSE 2"
	1.8
	2.1
	2.7
	3.2
	3.9
	4.5
	5.0

	"CUSTER MSE 3"
	1.7
	2.1
	2.7
	3.2
	4.1
	4.8
	5.6

	"DAVISON MSE 2"
	2.1
	2.5
	3.1
	3.6
	4.3
	5.0
	5.6

	"DAY MSE 3"
	2.1
	2.4
	3.1
	3.6
	4.45
	5.1
	5.8

	"DEUEL MSE 2"
	2.3
	2.6
	3.2
	3.7
	4.5
	5.2
	5.9

	"DEWEY MSE 2"
	1.8
	2.1
	2.7
	3.2
	3.8
	4.4
	4.9

	"DOUGLAS MSE 2"
	2.2
	2.5
	3.1
	3.6
	4.3
	5.04.9
	5.6

	"EDMUNDS MSE 3"
	2.0
	2.3
	2.9
	3.4
	4.2
	4.9
	5.6

	"FALL RIVER MSE 3"
	1.67
	1.9
	2.45
	2.9
	3.6
	4.12
	4.78

	"FAULK MSE 3"
	2.0
	2.3
	3.0
	3.5
	4.4
	5.1
	5.9

	"GRANT MSE 2"
	2.2
	2.6
	3.2
	3.7
	4.5
	5.1
	5.8

	"GREGORY MSE 2"
	2.2
	2.5
	3.1
	3.6
	4.3
	4.9
	5.6

	"HAAKON MSE 1"
	1.9
	2.2
	2.8
	3.23
	3.9
	4.5
	5.0

	"HAMLIN MSE 2"
	2.1
	2.5
	3.1
	3.6
	4.4
	5.0
	5.7

	"HAND MSE 2"
	1.9
	2.2
	2.7
	3.2
	4.1
	4.8
	5.5

	"HANSON MSE 3"
	2.2
	2.5
	3.2
	3.78
	4.56
	5.2
	5.9

	"HARDING MSE 2"
	1.6
	1.9
	2.3
	2.7
	3.3
	3.7
	4.2

	"HUGHES MSE 2"
	1.9
	2.2
	2.8
	3.3
	4.10
	4.7
	5.3

	"HUTCHINSON MSE 2"
	2.2
	2.6
	3.2
	3.78
	4.5
	5.2
	5.8

	"HYDE MSE 3"
	1.9
	2.3
	2.8
	3.4
	4.2
	4.9
	5.6

	County
	24-hr Storm Event

	
	1 yr
	2 yr
	5 yr
	10 yr
	25 yr
	50 yr
	100 yr

	"JACKSON MSE 1"
	1.8
	2.1
	2.67
	3.1
	3.8
	4.3
	4.9

	"JERAULD MSE 2"
	2.1
	2.4
	3.0
	3.5
	4.3
	4.9
	5.76

	"JONES MSE 1"
	1.9
	2.2
	2.7
	3.1
	3.7
	4.2
	4.7

	"KINGSBURY MSE 2"
	2.1
	2.5
	3.1
	3.6
	4.4
	5.0
	5.7

	"LAKE MSE 2"
	2.2
	2.6
	3.2
	3.7
	4.5
	5.1
	5.7

	"LAWRENCE MSE 3"
	2.4
	2.7
	3.4
	4.1
	5.2
	6.3
	7.5

	"LINCOLN MSE 2"
	2.3
	2.6
	3.3
	3.8
	4.6
	5.3
	6.0

	"LYMAN MSE 1"
	1.9
	2.2
	2.7
	3.1
	3.8
	4.3
	4.9

	"MARSHALL MSE 3"
	2.1
	2.4
	3.1
	3.6
	4.4
	5.1
	5.8

	"McCOOK MSE 3"
	2.2
	2.6
	3.3
	3.9
	4.7
	5.3
	5.9

	"McPHERSON MSE 2"
	2.0
	2.3
	2.9
	3.54
	4.2
	4.8
	5.5

	"MEADE EAST MSE 2"
	1.7
	2.0
	2.5
	2.9
	3.5
	4.0
	4.5

	"MEADE WEST MSE 3"
	1.9
	2.2
	2.8
	3.43
	4.32
	5.10
	6.15.9

	"MELLETTE MSE 1"
	1.9
	2.2
	2.7
	3.2
	3.8
	4.2
	4.7

	"MINER MSE 2"
	2.1
	2.5
	3.1
	3.6
	4.4
	5.0
	5.6

	"MINNEHAHA MSE 2"
	2.3
	2.6
	3.3
	3.8
	4.6
	5.3
	5.9

	"MOODY MSE 2"
	2.3
	2.6
	3.3
	3.8
	4.6
	5.2
	5.9

	"PENNINGTON CENTRAL MSE3"
	2.1
	2.4
	3.0
	3.6
	4.6
	5.6
	6.6

	"PENNINGTON EAST MSE2"
	1.8
	2.1
	2.6
	3.0
	3.7
	4.3
	4.8

	"PENNINGTON WEST MSE3"
	1.7
	2.0
	2.5
	2.9
	3.5
	4.0
	4.5

	"PERKINS MSE 2"
	1.7
	2.0
	2.5
	2.9
	3.5
	4.0
	4.4

	"POTTER MSE 3"
	1.9
	2.2
	2.8
	3.3
	4.1
	4.7
	5.3

	"ROBERTS MSE 3"
	2.3
	2.6
	3.2
	3.8
	4.6
	5.2
	5.9

	"SANBORN MSE 2"
	2.1
	2.4
	3.0
	3.5
	4.2
	4.9
	5.5

	"SHANNON MSE 2"
	1.8
	2.01
	2.56
	3.0
	3.7
	4.3
	4.9

	"SPINK MSE 2"
	2.0
	2.4
	3.0
	3.5
	4.3
	5.0
	5.7

	"STANLEY MSE 1"
	1.8
	2.1
	2.6
	3.1
	3.7
	4.2
	4.7

	"SULLY MSE 2"
	1.9
	2.2
	2.8
	3.3
	4.10
	4.7
	5.3

	"TODD MSE 1"
	2.0
	2.3
	2.8
	3.3
	3.9
	4.4
	5.0

	"TRIPP MSE 1"
	2.0
	2.4
	2.9
	3.4
	4.1
	4.7
	5.3

	"TURNER MSE 3"
	2.3
	2.7
	3.3
	3.9
	4.7
	5.4
	6.1

	"UNION MSE 3"
	2.4
	2.8
	3.5
	4.1
	5.1
	5.8
	6.6

	"WALWORTH MSE 2"
	1.9
	2.2
	2.7
	3.2
	3.9
	4.5
	5.1

	"PENNINGTON CENTRAL MSE 3"
	2.1
	2.4
	3.0
	3.6
	4.7
	5.6
	6.7

	"PENNINGTON EAST MSE 2"
	1.8
	2.1
	2.6
	3.0
	3.7
	4.3
	4.8

	"PENNINGTON WEST MSE 3"
	1.7
	2.0
	2.5
	2.9
	3.5
	4.0
	4.5

	"YANKTON MSE 3"
	2.3
	2.7
	3.3
	3.9
	4.7
	5.3
	6.0

	"ZIEBACH MSE 2"
	1.8
	2.1
	2.7
	3.21
	3.8
	4.3
	4.8








Appendix SD650.29-3. Instructions for Incorporating Updated Rainfall Databases into EFH-2 Computer Program in South Dakota
EFH-2 Runoff and Peak Discharge software requires a rainfall database (COUNTY.SD) and rainfall distribution types (type.rf).  These databases are available on the South Dakota NRCS Field Office Technical Guide,Sharepoint Engineering site Section I, Climatic Data, 5. Estimating Runoff and Peak Discharge and will replace the TP40 based databases.  The following describes the steps to use the current databases with the EFH-2 computer program.
1. [bookmark: _GoBack]Navigate to the EFH-2 Software Updates5. Estimating Runoff and Peak Discharge folder  section of within the South Dakota NRCS Sharepoint Engineering Field Office Technical Guidesite. https://nrcs.sc.egov.usda.gov/east/va/default.aspx.  (SouthDakota > Engineering > Shared Documents > EFH2 Software Updates)

2. Individually, save “COUNTY.SD” and “ type.rf” into C:\Users\”your name”\AppData\Local\VirtualStore\Program Files(x86)\USDA\EFH2 on your computer.  Show hidden files will need to be activated in order to view these folders.  This will replace the existing TP40 based data file. The EFH-2 software now has the NOAA 14 rainfall depths and rainfall distribution types database for South Dakota.   

3. Within the EFH-2 computer program, type “SD” for the state under the Basic Data tab to see every county and rainfall zone in South Dakota.  Appendix 12 provides an example application of the South Dakota rainfall data in EFH-2 software.

4. Within the EFH-2 computer program, click on the HSG button while within the RCN tab of the software, and a window will pop up with "Soil Name" "Surface Texture" and "Hydrologic Group".   This database can be used in lieu of Table 2.1 Hydrologic soil groups for U.S. soil in the Engineering Field Handbook, Chapter 2.
Appendix SD650.29-4. Rainfall Distribution Type Equations, Peak Discharge Curves and Peak Discharge Equation Coefficients
Since the EFH-2 computer program cannot use actual rainfall distribution types in table format, alternative methods of estimating peak discharges are needed as described below.  Also, since NRCS Type II does not match the NOAA 14 data, new distribution types and peak flow coefficients were also created.
Extents of Rainfall Distribution Types
Since the 1960’s, NRCS (Soil Conservation Service back then), there were basically 4 distribution types used throughout the country (Types I, IA, II, III). Since that timeCurrently, South Dakota has useduses a the Type II rainfall distribution. With the NOAA publication of new rainfall depth/duration data the development of new NRCS synthetic rainfall distributions was necessary. The NRCS National Water Quality and Quantity Team provided each state with a proposed set of new NRCS rainfall distributions for consideration. These distribution regions represent different rainfall “intensity zones”. These intensity zones were determined using the 1 hour/24 hour precipitation ratio. Groupings were made at 0.05 breaks in that ratio. 
Six rainfall distribution types (MSE 1, MSE 2, MSE 3, MSSE 4, MSE 5, and MSE 6) were developed from the NOAA 14 data to replace the NRCS Type-I, IA, II, and III rainfall distributions.  The six rainfall distribution types were developed for the NOAA Atlas 14 Volume 8 and 9 regions which include 17 states from North Dakota south to Oklahoma and Colorado east to Florida.  The extent of each region was based on the 60-minute/24-hour ratio of the 25-year NOAA 14 data.  The thresholds for the 6 regions are as follows.
	Distribution Number
	1 hour/24 hour Rainfall Depth Duration

	MSE 1
	Above 0.58

	MSE 2
	0.53 to 0.58

	MSE 3
	0.48 to 0.53

	MSE 4
	0.43 to 0.48

	MSE 5
	0.38 to 0.43

	MSE 6
	Less than 0.38



Peak Equation Coefficients
Rainfall distributions were created for each region and used in WinTR20 models to develop peak flow equation coefficients for use in EFH-2 computer program.  To simplify the estimation of peak discharge, WinTR-20 was run for times of concentration of 0.1 to 10.0 hours and Ia/P ratios of 0.1, 0.25, 0.3, 0.4 and 0.5.  Ia is initial abstraction in units of inches.  Initial abstraction includes all losses before runoff begins (interception, depression storage, early storm infiltration, etc).  P is the storm rainfall with units of inches and CN is the NRCS runoff curve number.
Ia = 0.2 * ((1000 / CN) – 10)                                                                                                           Eq. 1
Equations to relate time of concentration to unit peak discharge were then developed.  The equation used to compute the unit peak discharge (q) for the EFH-2 computer program is:
q = 10 ^ (Coeff_1 + Coeff_2 * LOG(Tc) + Coeff_3 * (LOG(Tc))^2)                                           Eq. 2
The coefficients to be used with each rainfall distribution are tabulated below.  For example, the equation applicable to the MSE  3 Region rainfall distribution region of South Dakota and Ia/P ratio of 0.1 is:
q = 10 ^ (2.5859 - 0.6447 * LOG(Tc)  - 0.1381 * (LOG(Tc))2)                                                  Eq. 3
For a time of concentration of 0.5 hours and Ia/P ratio of 0.1, the unit peak discharge is q = 585.4 cfs / inch / sq mile.  If the drainage area is 200 acres (0.31 square miles) and there is 1.5 inches of runoff, the peak discharge, Q, is:
Q = 585.4 * 0.31 * 1.5 =   272 cfs                                                                                              Eq. 4
The peak discharge equations included in the type.rf file have drainage area units in square miles. The customary units used in EFH-2 are acres.  The following figures show plots of the unit peak discharge curves with drainage area in acres.  These curves may be used for hand calculation of peak discharge.

[image: ]
Figure A4-1, EFH-2 Peak Discharge Curves for MSE 1

Table A4-1, EFH-2 Peak Discharge Equation Coefficients for MSE 1
	Ia/P
	Coeff_1
	Coeff_2
	Coeff_3

	0.1
	2.6590
	    -0.6865
	    -0.1462

	0.25
	2.6216
	-0.6927
	-0.1163

	0.3
	2.6003
	-0.6851
	-0.1054

	0.4
	2.5473
	-0.6493
	-0.0947

	0.5
	2.4752
	-0.5682
	-0.1190



[image: ]
Figure A4-2, EFH-2 Peak Discharge Curves for MSE 2

Table A4-2, EFH-2 Peak Discharge Equation Coefficients for MSE 2
	Ia/P
	Coeff_1
	Coeff_2
	Coeff_3

	0.1
	2.6225
	-0.6682
	-0.1405

	0.25
	2.5824
	-0.6762
	-0.1122

	0.3
	2.5576
	-0.6686
	-0.0996

	0.4
	2.4940
	-0.6294
	-0.0829

	0.5
	2.4061
	-0.5355
	-0.1060



[image: ]
Figure A4-3, EFH-2 Peak Discharge Curves for MSE 3

Table A4-3, EFH-2 Peak Discharge Equation Coefficients for MSE 3
	Ia/P
	Coeff_1
	Coeff_2
	Coeff_3

	0.1
	2.5859
	-0.6447
	-0.1381

	0.25
	2.5440
	-0.6528
	-0.1105

	0.3
	2.5172
	-0.6453
	-0.0982

	0.4
	2.4454
	-0.6035
	-0.0776

	0.5
	2.3440
	-0.4950
	-0.1025





The following plots represents the time distribution of the 24-hour design storms.  They show the accumulated rainfall during the 24-hour storm duration on a non-dimensional basis.  The maximum accumulated rainfall in the plot is 1.0 which represents the total storm 24-hour rainfall. These rainfall distributions are represented in WinTR-20 in tabular format at a time interval of 0.1 hour.  
[image: ]
Figure A4-5, Plots of the MSE 1 and MSE 3 rainfall distributions.

The MSE 2 rainfall distribution plots approximately midway between the MSE 1 and MSE 3 distributions. It was omitted from the plot for better readability.


Appendix SD650.29-5.  Maps of Rainfall Zones in South Dakota.
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image9.emf
County X-yr county.sdsupplem't

Douglas 50 4.9 5

Fall river 1 1.7 1.6

5 2.5 2.4

50 4.2 4.1

100 4.8 4.7

Haakon 10 3.3 3.2

Hanson 10 3.8 3.7

25 4.6 4.5

Hughes 25 4 4.1

Hutchinson 10 3.8 3.9

Jackson 5 2.7 2.6

Jerauld 100 5.6 5.7

McPherson 10 3.4 3.5

Meade West 10 3.3 3.4

25 4.2 4.3

50 5 5.1

100 5.9 6.1

Shannon 2 2.1 2

5 2.6 2.5

Sully 25 4 4.1

Pennington Central 25 4.6 4.7

100 6.6 6.7

Zeibach 10 3.1 3.2


Microsoft_Excel_Worksheet1.xlsx
Sheet1

		County		X-yr		county.sd		supplem't



		Douglas		50		4.9		5

		Fall river		1		1.7		1.6

				5		2.5		2.4

				50		4.2		4.1

				100		4.8		4.7

		Haakon		10		3.3		3.2

		Hanson		10		3.8		3.7

				25		4.6		4.5

		Hughes		25		4		4.1

		Hutchinson		10		3.8		3.9

		Jackson		5		2.7		2.6

		Jerauld		100		5.6		5.7

		McPherson		10		3.4		3.5

		Meade West		10		3.3		3.4

				25		4.2		4.3

				50		5		5.1

				100		5.9		6.1

		Shannon		2		2.1		2

				5		2.6		2.5

		Sully		25		4		4.1

		Pennington Central		25		4.6		4.7

				100		6.6		6.7

		Zeibach		10		3.1		3.2








