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INTRODUCTION 

The King County Runoff Time Series (KCRTS) program was developed as a 
hydrologic modeling tool for western King County.  The KCRTS program utilizes a 
set of files containing unit-area continuous runoff records (“runoff files”).  The runoff 
files have been pre-simulated for a range of land cover conditions and soil types for 
different regions of King County using the U.S. Environmental Protection Agency’s 
HSPF10 model.   The calibration of the HSPF10 model was done using regional 
parameters developed by the U.S. Geologic Survey and King County Basin Planning.  
The KCRTS program allows the user to simulate the project hydrology through the 
scaling, summing, lagging and level-pool routing of the runoff files.  A group of 
analytical tools are included which provides statistical data on the time series files.  

This program is provided as a supplement to the KING COUNTY SURFACE 
WATER DESIGN MANUAL.  The program can assist the designer to: 

 Generate runoff time series records using HSPF derived unit area runoff 
files for different rainfall regions and pervious land covers, 

 Use pre-simulated runoff files of hourly and 15-minute timesteps, 

 Software supports full historical runoff records as well as standard 8-year 
runoff files, 

 Create/Modify reservoir data files, 

 Route time series records through a reservoir, 

 Sum time series or add baseflow to a time series, 

 Create time series records for water surfaces based on level-pool routing, 

 Analyze time series records for annual peaks and associated flow/stage 
frequencies, 

 Analyze time series records for flow/stage duration and exceedence 
probability, 

 Compute from time series records the discharge volume for a period of 
record, 

 Extract/Plot a Hydrograph from a time series record, and 

 Determine approximate dimensions of a retention/detention (R/D) facility 
meeting user specified design requirements. 
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MINIMUM HARDWARE REQUIREMENTS 

The KCRTS is designed to work on an IBM-PC compatible computer with an 80386 
CPU or greater.  The machine must have a non-monochrome display, a hard disk with 
10 megabytes free, a minimum of 1 MEG available RAM (3 MEG for historical/15 
min. data type) and an appropriate math co-processor.  The Windows version 
(WKCRTS.EXE) of the software is designed to work on Windows XP, Windows 
2000, and the Windows 95/98 platform.   

PREREQUISITES 

This program is designed to assist engineers in the design of stormwater drainage 
systems.  Users should be knowledgeable in the fields of hydrology, hydraulics and 
reservoir routing.  The use of an ASCII text editor can be helpful. Store the original 
CD in a safe location. 

TRAINING 

Training courses on the use of this program will be conducted by the Water and Land 
Resource Division on a periodic basis.  There is a fee for the training courses.    
Although not required to use the program, the full-day introductory training session is 
recommended for all first time users.  To inquire about upcoming training sessions call 
206-296-1900.  Example problems are located in the User’s Guide portion of this 
document that will further assist users in learning basic procedures.  Example files are 
included with the program and are located in the kc_swdm\Output\example\KCRTS 
subdirectory. 
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DISCLAIMER 

This program and accompanying documentation are provided “as-is” without warranty 
of any kind.  The entire risk regarding the performance and results of this program is 
assumed by the user.  King County disclaims all warranties, either expressed or 
implied, including but not limited to implied warranties of merchantability and fitness 
for a particular purpose, with respect to the program and accompanying 
documentation.  In no event shall King County be liable for any damages whatsoever 
(including without limitation damages for loss of business profits, loss of business 
information, business interruption, and the like) arising out of the use of, or inability to 
use this program even if King County has been advised of the possibility of such 
damages. 

 

LIMITED SUPPORT 

If there are any questions, problems, or comments about this program, please contact: 

King County Department of Natural Resources and Parks 
Water and Land Resources Division 

King Street Center 
201 South Jackson Street, Suite 600 

Seattle, WA  98104 

TEL:  (206) 296-1900 
FAX:  (206) 296-0192 

EMAIL: wlrstormwatercomp@kingcounty.gov 
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INSTALLING THE PROGRAM 

The program CD contains two(2) file folders:  KC_SWDM and Related Files  

 
To INSTALL: 
  

Copy and Paste the KC_SWDM file folder from the CD to the computer local 
disk hard drive (C:).  

 
The program will copy the executable files to a directory called C:\KC_SWDM.  The 
runoff files and help files will be copied to a directory called 
C:\KC_SWDM\KC_DATA.  The following is a list of additional files included with 
the program: 

 
KCRTS.DAT  Data file controlling where KCRTS will look for the ST_LU.DAT and 
associated runoff files.  KCRTS.DAT must be located in the C:\KC_SWDM 
subdirectory.  If the program is moved to an alternate location, the KCRTS.DAT file 
must be modified to reflect the new path name. 

 

KCRTS.HLP  Help screen data file which must be located in the same subdirectory as 
ST_LU.DAT.  When the program is running, press F1 or F2 to display help 
information. 

 

ST_LU.DAT  Data file controlling filenames.  Must be located in same directory as 
the runoff files. 

 
DRIVE.BAT  This sets the working directory to the following path: 
C:\KC_SWDM\Output.  This is where all the program’s outputs will be stored.  The 
user can change the working directory path at the start of the program.  Note:  The user 
must verify the file folder and user path is correct or the program will not run. 
 
FIX_READ.BAT  This batch file contains a program that may fix the following error:  
Error reading file  C:\KC_SWDM\KCRTS.DAT.  This error means the program can’t 
recognize where the runoff files are located and generally occurs on machines with the 
Windows XP operating system.  This error is most likely the result of the Attributes 
Read Only box being checked.  Note:  The Attributes of any file can be found by 
right-clicking on the file and going to Properties.  By double-clicking the 
FIX_READ.BAT the user removes the Read Only designation on all the files in the 
KC_SWDM file folder and fixes said error.   
 
README_1ST.DOC   This text file contains much of the same information found 
above.  It’s another source of information to help the installation process.   
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The remaining files include a shortcut icon file that the user can place on the desktop 
(recommended) to start the program, a link to our KCRTS and KCBW website, an 
Excel spreadsheet file that gives general pond volume size estimation, a 
documentation file the shows the various stage zero datum lines for all the different 
types of flow control facilities and finally the King County Backwater (KCBW) 
program and its shortcut icon.  
 
The Related Files file folder contains additional information the user may find useful 
such as maps, appendices, and references found in the King County Surface Water 
Design Manual. These related files are not needed to run the program.   
 
 

PROGRAM EXECUTION 

To run KCRTS, the following files must be available to the program in the directory 
indicated by the C:\KC_SWDM\KCRTS.DAT file 

ST_LU.DAT Manages file names (must be in same directory as  
runoff files) 

*.RNF,*.SRF   Unit-Area Runoff Files  

KCRTS.HLP   Help Screen Data File 

 

To execute WKCRTS.EXE: 
1) Double-click on the executable file using Windows Explorer or My Computer, 
2) Specify/verify the default working directory.  The user can change the working 

directory here. Select “Save” if you want KCRTS to use this directory as the 
default directory on the next run.     

3) Specify any Startup Parameters used for the Advanced KCRTS Execution 
described below.  This is optional, if none are specified the program will run in 
normal interactive mode. 

4) Click on “Project is in King County, WA” to enter the Main Menu. 
 
To execute WKCRTS.EXE from a shortcut icon: 
1) Double-click on the icon to start program using Windows Explorer or My 

Computer, 
2) Specify/verify the default working directory.  The user can change the working 

directory here.  Select “Save” if you want KCRTS to use this directory as the 
default directory on the next run.     

3) Specify any Startup Parameters used for the Advanced KCRTS Execution 
described below.  This is optional, if none are specified the program will run in 
normal interactive mode. 

4) Click on “Project is in King County, WA” to enter the Main Menu. 
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STOPPING PROGRAM EXECUTION 
 
The program can be stopped by selecting the “eXit KCRTS Program” menu item from 
the KCRTS Main Menu.  To suspend execution of the program, press the Pause key.  
Press any key to resume execution.  If the keyboard becomes locked, it may be 
necessary to reboot the computer.  Any data not previously saved by the program will 
be lost. 

STARTUP PARAMETER SPECIFICATIONS 
 
In addition to the basic start-up, KCRTS can be executed with three additional startup 
options related to the use of Input Response (EXEC) data files.  Please note that in 
EXEC mode, existing filenames are automatically overwritten.  The run modes are 
controlled by the command line (including shortcut). 

The program will prompt the user to specify any startup parameters and the working 
directory at the initial KCRTS screen.  There is no need to adjust the shortcut icon 
between different runs. 

 [N!]  EXEC Record (New) Mode:  

The program has the ability to run interactively from the keyboard or by 
redirecting input from an INPUT RESPONSE data file.  An INPUT 
RESPONSE (EXEC) data file is created by running KCRTS in the EXEC 
mode.  In EXEC mode, KCRTS executes normally while saving all input 
response compatible commands to the user specified EXEC data file.  An 
ASCII text editor can be used to create/modify this file if the program response 
sequences are known.  The example command executes KCRTS in the EXEC 
mode where all input response commands are saved to EXEC data file 
(filename).exc.  

 

 N! (filename)    

[A!]  EXEC Record (Append) Mode:  

After an INPUT RESPONSE (EXEC) data file is created by running KCRTS 
in the EXEC mode, the EXEC data file may be appended by using the EXEC 
APPEND MODE.  The example command executes KCRTS in the EXEC 
mode where all input response commands are saved to an existing EXEC data 
file (filename).exc.  

 

 A! (filename)    
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[E!]  EXEC Run (Execute) Mode: 

The user can redirect input data from an INPUT RESPONSE (EXEC) data file 
stored on a disk into the program.  KCRTS will execute the commands in the 
file as if the user was typing in responses from the computer keyboard.  The 
example command will execute KCRTS in the EXEC EXECUTE MODE, with 
the input response commands being extracted from the (filename).exc data file.  
The program output will scroll by on the screen.  

 

 E! (filename)    

[O!] EXEC Output Mode: 

The program output normally appearing on the screen can be redirected and 
saved to a disk file for later viewing/printing.  This is an efficient way to check 
logic or debug EXEC files.  KCRTS will execute using the input response 
commands saved in the (filename).exc data file, but all screen output will be 
echoed to the ASCII text file (filename).txt.   

 

 E! (filename)  O! (filename)  

 

NOTE:  The user can enter O! (filename) by itself in the startup parameters box to 
obtain a running log of all the user inputs without generating an executable file.  This 
will enable the user to record land use inputs documentation file, i.e., this is the only 
method outside of creating an executable file the user has to keep an electronic copy of 
the land use inputs. 

Some activities cannot be added to an EXEC file and cannot be executed in EXEC 
mode.  These are Define a 1 outlet Reservoir; Define a 2 outlet Reservoir; within Size 
a Retention/Detention Facility: Edit Facility, View Facility Data, and Review 
Documentation Data; and within the Analysis Tools: Plot a Hydrograph, Plot 
Probability Exceedence Curves, and Plot Flow Frequencies. 

If you select from the Main Menu the menu item “Close EXEC file...continue 
interactive” the EXEC file will be closed and no further activity will be added to the 
EXEC file.  When you run the program using this EXEC file, the file will be executed 
and when the last command is complete, the program will switch to interactive mode 
and wait for user input from the keyboard.  

 
Add Command to EXEC file - If displayed, the program is being run in the EXEC 
record mode. This menu item allows the user to save the commands in the EXEC file. 
The routine will not execute until the EXEC file is saved and then executed.  This can 
be a timesaver, as the user does not have to be at the computer while the EXEC file is 
running.  Also, corrections/adjustments can be made simply by editing that portion of 
the EXEC file, and the analysis repeated rather than manually re-entering the entire 
analysis. 
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USER INTERFACE 

When user interaction is required by the program the user will be presented with a 
popup menu box.  The top line will include the Box Title.  For example the box title of 
the first is “KCRTS Main Menu.”  The menu screens overwrite the output screen.  If 
you wish to view the results from the last executed command press the F10 key.  The 
previous output screen will be displayed until another key is hit. 

All boxes can present the following types of items: Menu Items (in the KCRTS Main 
Menu, this is the only Item type), File Names, Real and Integer Values, Dates and 
Logical Choice.  The keys on the keypad are used to move around the box.   

 

READING/WRITING FILES TO DISK 

The program prompts the user to enter filenames for reading and writing data files to 
disk.  When editing a filename, if no extension (or period) is entered, KCRTS will add 
a default extension depending upon the type of file. It is recommended that, for all 
KCRTS routines, the user allow the program to specify the filename extensions. If a 
filename already exists, KCRTS will prompt the user to verify the filename before file 
is overwritten. 

 
DATA FILE TYPE                          DEFAULT EXTENSION 

Time Series Records (non-ASCII format)       *.TSF 
One Outlet Reservoir                       *.RS1 
Two Outlet Reservoir                         *.RS2 

Retention/Detention Facility                 *.RDF 
Facility Documentation File                  *.DOC 

Extracted and Limited Duration Hydrographs  *.PRN 
Flow Duration and Exceedance                *.DUR 

Peaks and Flow Frequencies                  *.PKS 
Average Monthly Water Surface Range *.AMR 

Input Response (EXEC) data file              *.EXC 
 
In interactive mode, if the filespec is already being used on the drive/path, the program 
prompts the user to overwrite or enter new filename.  Again, in EXEC mode, existing 
filenames are automatically overwritten. 

To erase a filename previously entered, either overwrite the filename with the correct 
filename or change the first letter to an asterisk ( * ) and the program will use NO 
filename.  Many of the analytical routines will execute without an output file specified 
by displaying to screen only. 

USE OF TEXT-EDITOR TO CREATE/MODIFY DATA FILES 

All data files, except time series records, used by the program are saved on disk in an 
ASCII format.  These data files may be created/revised using a pure ASCII text editor 
program such as TextPad, QEdit, etc.  Other software programs like NotePad, Word, 
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Excel, Wordperfect, Lotus, etc. may be used if the file can be saved in an ASCII 
format without any imbedded special control characters.  This is particularly useful in 
modifying EXEC data files. 

If running WKCRTS, graphs can be sent directly to the printer by right clicking the 
icon in the upper left corner of the graphics window and selecting "Print".   

Recommended Documentation to Include in the Technical Information Report 

KCRTS includes several options that allow the user to document the hydrologic 
analysis.  All output files created by the program are in ASCII text format and may be 
printed or inserted into reports.  Using the O! startup parameter, will generate a log of 
the analysis that documents land-use assumptions and file creation.  Typical submittals 
should include all the files needed to document existing conditions and the 
performance of stormwater facilities. 

Also, it is recommended that the TIR include a diskette containing an EXEC data file 
and any reservoir files (1-outlet, 2-outlet, or R/D facility) needed to recreate the 
analysis.  This way the reviewer has ready access to the analysis and can recreate the 
output files included in the report.  Examples of EXEC files that document the 
performance of the different performance standards are included in the subdirectory 
KC_SWDM\KCRTS\EXAMPLE.  The general procedure for creating an EXEC data 
file to document sizing of a flow control facility is, 

1. Record an EXEC file startup option (N! filename) while creating the timeseries 
files to be used in the analysis.   

2. Perform the Analysis Tools routines necessary to document the target conditions 
from the predeveloped site.   

 Level 1 R/D - Peaks only. 

 Level 2, 3 R/D - Peaks and Durations (including creating target duration 
curve). 

3. Prior to sizing the flow control facility, stop recording the EXEC file.  The 
iterative sizing process cannot be run from an EXEC file.   

4. Once the flow control facility has been sized to achieve the desired performance, 
save the facility and exit the program. 

5. Use the Append EXEC file startup option (A! filename) to add to the EXEC file 
created in step 1.   

6. Select Route through a one-outlet reservoir.  Specify the facility filename 
(including RDF extension, since default extension for this routine is RS1), existing 
inflow timeseries created in Step 1, and the name of the new outflow timeseries. 

7. Go to the Analysis Tools Menu, and perform the routines necessary to document 
performance.  

 Level 1 R/D - Peaks only. 
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 Level 2, 3 R/D - Peaks and Durations (including Compare Flow Duration 
routine). 

8. Copy the EXEC file (EXC extension) and facility file (RDF extension) to a 
diskette and include with TIR.  
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SECTION I 

  INTRODUCTION 
 

 

This User’s Guide is intended as a guide for the first time KCRTS user.  The procedures 
presented herein guide the user through the step-by-step procedure for creating a runoff 
time series and sizing flow control facilities to meet established performance criteria.  It 
also provides some theoretical background to help the user understand the concept of 
sizing facilities using continuous hydrologic modeling. 

Sizing facilities using continuous hydrologic modeling differs conceptually from sizing 
facilities using-event based models.  When using continuous modeling to size detention 
or retention facilities, the runoff volumes during storm events are often as important as 
the peak runoff rates.  Therefore, the storm event that produces the greatest peak inflow 
rate to the facility may not produce the highest peak rate of outflow from the facility.  In 
other words, the required storage volumes depend on the shape, duration, and volume of 
the inflow hydrograph in addition to the peak runoff rate.  For more background on sizing 
facilities using continuous simulation models, refer to Chapter 3 of the Surface Water 
Design Manual.  

 

This User’s Guide is divided into the following six sections. 

 Section I — Introduction. 

 Section II — Runoff Files Overview.  This section gives a brief overview of 
how the runoff files were developed. 

 Section III — Creating a Time Series.  This section describes how to create a 
time series that is representative of the study site in terms of soils, vegetative cover, 
and impervious surface area.  In this section, the user will create two time series 
which will be used to size facilities in Section V and VI.  One time series will 
represent a site in the predeveloped condition.  The second time series will represent 
the same site but under the developed condition. 

 Section IV — Analysis Tools and Facility Sizing.  This section describes the 
analysis tools that are used to size the facilities.  

 Section V — How to Size a Level 1 (Conveyance Protection) Facility.  
This section presents a step-by-step procedure for sizing a detention facility that will 
maintain peak discharges from the developed site.  In the example presented in this 
section, the detention pond is sized and the orifice structure is configured to match 
the peak flows from the developed site to the peak flows from the predeveloped site 
for the 2-year and the 10-year events.  The  steps involved in sizing a conveyance 
protection facility are as follows: 
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1. Create new time series representing both the predeveloped and developed site 
conditions. 

2. Perform flow frequency analysis on the predeveloped time series. 

3. Determine the target release rates using the predeveloped flow frequency 
analysis. 

4. Select the type of facility to be sized and specify initial facility data in 
automatic sizing mode. 

5. Set up the primary design hydrograph and the Test Inflow Hydrographs using 
the developed time series and predeveloped target release rates. 

6. Route the primary design hydrographs and verify that the iteration converged 
and the calculated outflow peaks are ranked in descending order. 

7. If iteration did not converge. Try iterating using the full time series.  This will 
be a slow iteration, but it will converge more reliably for some facilities.     

8. If calculated peak discharges are in descending order: 

 Adjust orifice configuration until the target release rates are matched 

 Save Facility parameters, then route the developed time series through the 
facility and verify compliance with R/D performance standards 
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 Section VI — How to Size a Level 2 (Stream Protection) Facility.  This 
section presents a step-by-step procedure for sizing a detention facility that will 
control flow durations from the developed site.  In the example presented in this 
section, the detention pond is sized and the orifice structure is configured to match 
the duration curves from the developed site to the duration curves from the 
predeveloped site between 50% of the 2-year flow and the 50-year flow.  The steps 
involved in sizing a stream protection pond are as follows: 

1. Create a new time series for both the predeveloped site and the developed 
condition. 

2. Compute flow durations and flow frequency from the predeveloped time series 
as the “Target” duration curve.  The target curve is the portion of the 
predeveloped duration curve between 50% of the 2-year and the 50-year flows. 

3. Determine initial target release rates using the flow frequency from the 
predeveloped site. 

4. Select the type of facility to be sized and begin sizing in automatic mode. 

5. Set up the Primary Design Hydrograph and the Test Inflow Hydrographs using 
the developed time series. 

6. Iterate the primary design hydrograph and save facility data.  Exit facility sizing 
routine and change sizing mode to manual. 

7. Route the full 8-year developed time series. 

8. Compute the flow duration for the outflow time series and compare to the 
predeveloped target duration curve. 

9. In manual mode, adjust the bottom area of the pond and the orifice 
configuration until the outflow duration curve matches the target duration curve 
between 50% of the 2-year flow and the 50-year predeveloped peak flows. 
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SECTION II 
  RUNOFF FILES OVERVIEW 

 
 

The term “runoff files” refers to a data base of continuous flow records pre-simulated 
using HSPF Version 10. The KCRTS software allows the user to utilize this data base. 
The KCRTS/Runoff Files implementation of HSPF was developed as a tool for efficient 
design of on-site stormwater detention facilities. The Runoff Files consist of an 8-year 
data base of unit area runoff including the surface and interflow components.  The HSPF 
groundwater component is not included. The runoff files were generated for the 

s: (see Tables III-1 through III-3, pages III-5 through III-6) 

 

 
rass 

 Landsburg 

licate flow durations from the full historical 

create a 100-year event. The eighth year is not used in flow duration 

ears; however, the event dates are 
displayed based on a standard calendar year. 

 

1 2 3 4 5 6 7 8 

following eight land use classifications and two rainfall regions: 

 Land Use Type

 Till-Forest 
 Till-Pasture
 Till-Grass 
 Outwash-Forest 
 Outwash-Pasture
 Outwash-G
 Wetlands 
 Impervious 

 Rainfall Regions: (see Figure III-2, page III-4) 

 Sea-Tac 

EIGHT-YEAR DATA BASE OF CONTINUOUS FLOWS: 

 The first seven years were chosen to rep
(40+ year) continuous flow simulations. 

 The last year includes the simulated January 1990 event, scaled for some land-use 
types, to 
analysis. 

 The 8-year time series encompasses 8 water y

Water 
Years 

KCRTS 
Dates 9/30/1 9/30/2 9/30/3 9/30/4 9/30/5 9/30/6 9/30/7 9/30/8 

10/1/0- 10/1/1- 10/1/2- 10/1/3- 10/1/4- 10/1/5- 10/1/6- 10/1/7-
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  CREATING A TIME SERIES FILE (EXAMPLE) 

 
 

The following is an example of how to create a time series.  We will create 
time series called PREDEV.TSF and DEV.TSF that will be used in the 
examples for sizing facilities in Sections V and VI.  PREDEV.TSF 
represents the pre-developed site condition.  The information used to 
create the PREDEV.TSF and DEV.TSF in this example is as follows: 

 Location:  East Kent Hill 

 Rainfall Region:  Sea-Tac (from Figure III-2) 

 Location Scale Factor:  1.0 

 Existing Site Land Uses:  5 acres Till Forest; 5 acres Till Pasture 

 Developed Site:  4 acres Impervious; 6 acres Till Grass 

Figure III-1depicts the change in land uses from the predevelopment 
condition to the post-developed condition.  

FIGURE III-1 

 

or By Pass Areas
Assumes No Flow Thru

Example Site Assumptions

5 acres  Pasture
5 acres  Forest

Pre Developed

FOREST

PASTURE

Region

Scale Factor
Regional

Location

Rain

Soils

4 acres

SWM

Kent East Hill

Sea-Tac

1.0

Till

6 acres  Grass

 Developed

  

STEP 1. Start the program, 

STEP 2. From the Main menu, 

 Select Create a new Time Series. 
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The user is then presented with the following screen: 

III-2 KCRTS User’s Guide December 15, 1995 
 

 

  Click on Sea-Tac . 

 
The rainfall region is selected using Figure III-2.  A scaling factor 
may be used in Step 4 to adjust the precipitation to account for 
the distance your project site is from the selected precipitation 
station.  
 

STEP 3. Specify the acreage of each land use type for the catchment 
being modeled. For guidance and limitations on which land 
use type to specify, see Tables III-1, III-2, and III-3.  

 
Soil Classifications:  The SCS soil classifications have been 
replaced with three soil types: Till, Outwash, and Wetland. See 
Table III-1 for conversion between soil classifications. 

Effective Impervious Area:  To account for existing impervious 
areas that are not effectively connected to the downstream 
drainage system, an Effective Impervious Fraction shall be applied.  
The total existing impervious area is multiplied by the fraction 
found in Table III-3.  This resulting area is assumed effective and 
is modeled as impervious.  The remainder of the impervious area 
is assumed to be either pasture or urban grass based on the 
information in Table III-2. 

The screen prompts for the Scale Factor (see Figure III-2).  The 
scaling factor is used to adjust the precipitation to account for the 
distance between your project site and the precipitation station.  
The heavy north-south trending lines on Figure III-2 are used to 
determine the appropriate scaling factor.  In this example we will 
use a scale factor of 1.00. 

This screen also prompts you to identify the Time Step and the 
Data Type to be used. 

The Time Step may be either 15-minute or hourly.  The 15-
minute time series is used to simulate the higher peak flows from 
smaller, more developed basins.  This shorter time step will more 
accurately represent the hydrologic response dynamics of the 
impervious areas and yield more accurate estimates of peak 
discharges.  The 15-minute time step is used to size conveyance 



  CREATING A TIME SERIES FILE (EXAMPLE) 

systems and the hourly time step is used to size 
retention/detention facilities.  Use the space bar to toggle between 
the 15-minute and hourly.  Because this time series will be used 
for sizing retention/detention facilities in subsequent sections, the 
hourly time step will be used in this example. 

The Data Type selected may be Reduced or Historic.  The 
Reduced time series is represented by the eight selected water 
years as previously described.  The Historic time series is the 
historic record (from which the 8-year time series was produced). 
Click on the radio button to select either the Reduced or Historic 
time series. 

 

  Input 5.0 Acres Till Forest and 5.0 Acres Till Pasture. 

 Set Scale Factor to 1.0. 

 Click on Hourly. 

 Click on Reduced. 

 Click on Compute Total Area. 
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FIGURE III-2. RAINFALL REGIONS AND SCALE FACTORS 
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New Design Manual
Figure 3.2.2.A  Rainfall Regions and Regional Scale Factors
Revised 7-18-97, wgab

 

��
��

�
�
�
��

�
�
�
�
�
��
��

�
���
���
���
���
������
��
�����

�
���
���
������

�������
����

�
�

�������
�
��

�
�
�
� ���

���
�
��

�
�����

��
��
��
�
���

KIRKLAND

REDMOND

REDMOND

DUVALL

WOODINVILLEBOTHELL

MERCER
ISLAND

RENTON

TUKWILA

SEATTLE

SEATTLE

BURIEN

NORMANDY
PARK SEATAC

BELLEVUE

NEWCASTLE

ISSAQUAH

SNOQUALMIE

NORTH
BEND

SEATTLE

SHORELINE

MEDINA

BEAUX
ARTS

CLYDE
HILL

LAKE
FOREST

PARK

FEDERAL WAY

PACIFIC
MILTON

ALGONA

AUBURN

KENT
DES MOINES

BLACK
DIAMOND

ENUMCLAW

KENT

Vashon
Island

TOKUL

PINE 
LAKE

BEAVER
LAKE

HIGH 
POINT

MIRRORMONT

PRESTON

UPPER 
PRESTON

KERRISTON

LANDSBURG

LANDSBURG

SEATAC

CEDAR
GROVE

MONOHAN

CARNATION

FALL CITY

S N O H O M I S H  C O U N T Y

K I N G  C O U N T Y

K I N G  C O U N T Y

P I E R C E  C O U N T Y

99

520

522

5

522

405

520

202

405
90

900

167

169

515

509

99

5

5

900

203

90

18

167

516
99

509
18

164

99

161

169

Puget
Sound

Elliott
Bay

La
ke

Sa
mmam

ish

La
ke

W
ash

ing
to

n

ST 1.1

ST 1.0

ST 1.0/
LA 0.8

LA 0.9
LA 1.0

LA 1.2

ST 1.1
ST 1.0

ST 1.0/
LA 0.8 LA 0.9 LA 1.0 LA 1.2

��Rainfall Regions and
Regional Scale Factors

Incorporated Area
River/Lake
Major Road
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TABLE III-1 
EQUIVALENCE BETWEEN SOIL TYPES CLASSIFIED BY U.S. SOIL 

CONSERVATION SERVICE AND KING COUNTY RUNOFF TIME SERIES 

 
SCS Soil Type 

SCS 
Hydrologic 
Soil Group 

KCRTS Soil 
Group 

 
Notes 

Alderwood (AgB, AgC, AgD) C Till  
Arents, Alderwood Material (AmB, AmC) C Till  
Arents, Everett Material (An) B Outwash 1 
Beausite (BeC, BeD, BeF) C Till 2 
Bellingham (Bh) D Till 3 
Briscot (Br) D Till 3 
Buckley (Bu) D Till 4 
Earlmont (Ea) D Till 3 
Edgewick (Ed) C Till 3 
Everett (EvB, EvC, EvD, EwC) A/B Outwash 1 
Indianola (InC, InA, InD) A Outwash 1 
Kitsap (KpB, KpC, KpD) C Till  
Klaus (KsC) C Outwash 1 
Neilton (NeC) A Outwash 1 
Newberg (Ng) B Till 3 
Nooksack (Nk) C Till 3 
Norma (No) D Till 3 
Orcas (Or) D Wetland  
Oridia (Os) D Till 3 
Ovall (OvC, OvD, OvF) C Till 2 
Pilchuck (Pc) C Till 3 
Puget (Pu) D Till 3 
Puyallup (Py) B Till 3 
Ragnar (RaC, RaD, RaC, RaE) B Outwash 1 
Renton (Re) D Till 3 
Salal (Sa) C Till 3 
Sammamish (Sh) D Till 3 
Seattle (Sk) D Wetland  
Shalcar (Sm) D Till 3 
Si (Sn) C Till 3 
Snohomish (So, Sr) D Till 3 
Sultan (Su) C Till 3 
Tukwila (Tu) D Till 3 
Woodinville (Wo) D Till 3 

Key to Notes: 

1. Where outwash soils are saturated or underlain at shallow depth (<5 feet) by glacial till, they should 
be treated as till soils. 

2. These are bedrock soils, but calibration of HSPF (Hydrological Simulation Program–Fortran) by 
King County Surface Water Management shows bedrock soils to have similar hydrologic response to 
till soils. 

3. These are alluvial soils, some of which are underlain by glacial till or have a seasonally high water 
table.  In the absence of detailed study, these soils should be treated as till soils. 

4. Buckley soils are formed on the low permeability Osceola mudflow.  Hydrologic response is 
assumed to be similar to that for till soils. 
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TABLE III-2 
KCRTS COVER GROUPS AND AREAS OF APPLICATION 

KCRTS Application 

Cover Group Predevelopment Postdevelopment 

Forest All forest/shrub cover irrespective of age. All permanent (e.g., protected by covenant or 
SAO designation) on-site forest/shrub cover 
irrespective of age planted at densities 
sufficient to ensure 80%+ canopy cover within 
5 years. 

Pasture All grass land, pasture land, lawns, cultivated or 
cleared areas, except for lawns in re-
development areas with pre-development 
densities in excess of 4 DU/GA. 

Unprotected forest in rural residential 
development may be considered half pasture, 
half grass.  

Grass Lawns in redevelopment areas with 
predevelopment densities in excess of 
4 DU/GA. 

All post-development grassland, all on-site 
forested land not protected by covenant or 
NGPE designation (except in rural areas as 
noted above). 

Wetland All delineated wetland areas except 
cultivated/drained farmland. 

All delineated wetland areas except 
cultivated/drained farmland. 

Impervious(1) 

Open Water 

All impervious surfaces including heavily 
compacted gravel and dirt roads, parking areas, 
etc. 

All impervious surfaces including heavily 
compacted gravel and dirt roads, parking areas, 
etc. 

Notes:   

(1)  Impervious acreages used in KCRTS computations should be the effective impervious area (EIA).   
This is the gross impervious area multiplied by the effective impervious fraction (see Table III-3).  Non-effective 
impervious areas are considered the same as the surrounding land cover. 

 

TABLE III-3 
EFFECTIVE IMPERVIOUS FRACTION 

(1) 

Land Use Predevelopment Postdevelopment 

Commercial/Industrial/Roadways 95 100 

Multi-Family or High Density Single-Family(2)  
(>4 DU/GA) 

80 100(3) 

Medium Density Single-Family(2) 
(4 DU/GA) 

66 100(3) 

Low Density Single-Family(2) 
(1 DU/GA) 

50 100(3) 

Rural(2) (< 1 DU/GA) 40 100(3) 

Gravel/Dirt Roads and Parking Lots 50   50 

Notes:   

(1) The effective impervious fraction is the fraction of actual total impervious area directly connected to the drainage 
system. These figures should be used in the absence of detailed surveys or physical inspection. 

(2) Figures for residential areas include roadways. 

(3) Where downspout infiltration is used, roofs are not counted as impervious area when sizing the flow control facility. 
Roofs are considered grass where downspouts are dispersed in rural residential development, or where dispersed 
flowpaths exceed 50 feet in urban residential development. 

 

 
 



  CREATING A TIME SERIES FILE (EXAMPLE) 

STEP 3.  (continued) 

 

The next screen shows the Total Area computed.  It also prompts the 
user to enter the Time Series File Filename.  When using 15-minute 
timesteps, the program will prompt the user for information on flow 
paths within the drainage area. 

 

  Verify land-use and total areas. 

 If the input is incorrect, click on Modify User Input and 
return to the previous screen for adjustment of the areas. 

 Type PREDEV for the filename. 
 If the input is correct, click on Compute Time Series. 

  

When Compute Time Series is selected, the Program computes the time 
series and saves the data to the specified file. Unless specified by the 
user, the extension *.TSF is automatically added to the filename. 

This time series will be used in Sections V and VI as the predeveloped 
case to determine allowable facility release rates and verify the 
performance of the facilities. 
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These steps must now be repeated to generate the time series for the 
developed site conditions. 

The developed site land use condition is: 

 4 Acres Impervious; 6 acres Till Grass 

The other variables remain the same as for the pre-developed case: 

 Location:  East Kent Hill 

 Rainfall Region:  Sea-Tac 

 Location Scale Factor:  1.0 

Repeat steps 1 through 3 to create a time series to represent the 
developed site condition.  The name of the time series file will be 
DEV.TSF. 
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IV-1 

SECTION IV 
  ANALYSIS TOOLS AND FACILITY SIZING 

 
 

The Analysis Tools menu can be accessed from the main menu by selecting Enter the 
Analysis Tool Module. 

FLOW FREQUENCIES 

The principal tools used in analyses of time series for the purpose of facility sizing are 
peak flow frequency analysis and flow duration analysis. The flow frequency analysis is 
important when sizing conveyance protection facilities, which are intended to protect the 
downstream drainage system from increased peak flows.  

The frequency of a given flow is the average return interval for flows equal to or greater 
than the given flow.  The flow frequency is actually the reciprocal of the probability that 
the flow will be equaled or exceeded in any given year (the exceedance probability).  For 
example, if the exceedance probability is 0.01, or 1 in 100, that flow is referred to as the 
100-year flow.  Assuming no underlying changes in local climate, one would expect to 
see about 10 peak annual flows equal to or greater than the 100-year flow in a 1,000-year 
period.  Similarly, the 2-year flow is the flow with a probability of 0.5, or 1 in 2, of being 
equaled or exceeded in any given year.  In a 100-year period, one would expect to 
observe 50 peak annual flows greater than or equal to the 2-year flow.  The number of 
peak annual flows actually equal to the 2-year flow may be zero, since peak annual flows 
come from a continuous spectrum. 

Flow frequency information is derived from the 8-year time-series flow file by assigning 
predetermined frequencies or return periods to the peak annual events in the runoff file.  
For example, a return period of 100 years is assigned to the highest-ranked peak annual 
flow from the 8-year time series.  These return periods were determined by King County 
SWM through analysis of the full 40-year record from which the Runoff Files were 
derived.  The plot positions used in KCRTS for the Sea-Tac and Landsburg reduced 
runoff files are as follows: 
 

Rank of 
Annual Peak 

Reduced Record  
Plotting Positions 

one 100-year 

two            25-year 

three 10-year 

four 5-year 

five 3-year 

six 2-year 

seven 1.3-year 

eight 1.1-year 



SECTION IV 

The flow frequency information generated from the predeveloped time series is used to 
determine the allowable release rates from a Level 1 flow control (“conveyance 
protection”) facility.  In Section 3, How to Size a Conveyance Protection Facility, the 
example detention pond is sized and the orifice structure is configured to match the peak 
flows from the developed site to the peak flows from the predeveloped site for the 2-year 
and the 10-year events.  The plot below shows the results of the frequency analysis for an 
existing and post-developed site.  The uppermost plot shows the post-developed flows 
before being routed through a detention pond and the lower plots show the results of 
routing the post-developed time series through a pond sized to match the pre-developed 
peaks for the 2-year and 10-year return periods.  

Level 1 Flow Control matches peak 
flows for the 2 - year and 10 – year 
events. 
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FLOW DURATIONS 

The duration analysis is used when downstream resources need to be protected from 
sustained flows. In a continuous flow model, the percent exceedance of a given flow is 
determined by counting the number of time steps during which that flow is exceeded and 
dividing that number by the total number of time steps in the simulation period.  With 
KCRTS reduced records, the percentage of time is based on analysis of the first 7 years of 
the simulated flow file (i.e., excluding water year 8, which contains a scaled 100-year 
peak flow event).  Flow duration curves are usually plotted with a linear flow scale 
versus a log scale of percent exceedance (percent of time exceeded).  The log scale for 
exceedance percentage is used because geomorphically significant flows (flows above 
the threshold of movement for downstream bed sediments) and flows that exceed the 
2-year flow typically occur for less than 1 percent of the time. 

Flow durations are important because they show the change in duration of all high flows 
rather than the change in frequency of the peak annual flows.  Channel scour and bank 
erosion rates rise proportionately with increases in flow durations.  Flow duration 
analysis can only be conducted with continuous flow models.  KCRTS provides flow 
duration curves for either flows or water levels and may be used to create a “TARGET” 
predevelopment duration curve for the range of flows to be controlled.  To simplify 
design, brief excursions above the target predevelopment duration curve are allowed only 
for flows above 50 percent of the predevelopment 2-year.  These excursions shall not 
increase the discharge by more than 10 percent above the pre-developed level at any 
duration level (measured vertically on duration plots).  This allows efficient design using 
only two orifices for most applications.  An example of a flow duration analysis is shown 
on the following page. 

In the example presented in Section VI, How to Size a Stream Protection Pond, the 
detention pond is sized and the orifice structure is configured to match the duration 
curves from the developed site to the duration curves from the pre-developed site 
between 50 percent of the 2-year flow and the 50-year flow. 

A plot is shown on the following page.  The plot shows the target duration curve 
(TARGET.DUR) and the duration curve for the developed site (RDOUT.DUR) after 
being routed through a Level 3 flow control facility. 

The annotations on the plot indicate that: 

 10% vertical tolerance is allowed above 50% of the 2-year flow. 

 At 50% of the 2-year flow, no vertical tolerance is acceptable.  In other words, 
the R/D outflow duration curve must be strictly below the target duration curve at 
the lower end. 

 The target duration curve may not be exceeded over more than 50% of the range 
of flows being controlled. 
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Strictly below target 
curve at 50% of 2-yr 

10% vertical tolerance 
above 50% of 2-yr 
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SECTION V 
  HOW TO SIZE A LEVEL 1 

(CONVEYANCE PROTECTION) FACILITY 
 

 
Sizing a Level 1 flow control (“conveyance protection”) pond requires 
matching peak flows for the 2- and 10-year event from the developed site 
with the respective flows from the pre-developed site. The following site 
assumptions were used in the examples for creating a time series in 
Section III. 

 Location:  Kent East Hill 
 Rainfall Region:  Sea-Tac (from Figure 5) 
 Location Scale Factor:  1.0 
 Existing Site Land Use:  5 Acres Till Forest; 5 Acres Till Pasture 
 Developed Site Land Use:  4 Acres Impervious; 6 Acres Till Grass 

Note:  It was assumed that there are no flow-through or bypass areas. 

Using the time series created in the previous example, we will now size a 
detention facility for downstream conveyance protection, as stated in 
Section III — Analysis Tools.  Conveyance protection ponds are sized by 
matching pre- and post-developed peak flows.  The following criteria will 
be used in sizing this conveyance protection facility: 

 Match the 2-year and 10-year peak flows 
 Minimize the storage requirement 
 Use the bottom orifice to control the 2-year release rate 
 Use the bottom and second orifice to control the 10-year release 

rate. 

It is assumed that if the release rates for the 2-year and 10-year are 
matched, substantially complete control will be achieved for flows 
between the 2- and 10-year event. 
 

STEP 1. Create a new time series for both the pre-developed site and 
the developed condition. Refer to Section III for step-by-step 
examples of creating a time series. For this example, the time 
series files for the pre-developed and the developed site will 
be PREDEV and DEV, respectively. 

STEP 2. Perform a flow frequency analysis to determine the target 
release rates. The target release rates are the 2-year and 
10-year peak flows from the predeveloped time series 
(PREDEV.TSF). 

 Click on Enter the Analysis TOOLS Module from the main 
KCRTS menu. 

 Click on Compute PEAKS and Flow Frequencies. 
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  Enter the name of the predeveloped time series, PREDEV, 

as the Time Series File and the Output File. (It is not 
necessary to add the extensions to the names. The 
program will automatically add the *.TSF extension to the 
Time Series File and the *.PKS extension to the Output 
File.) 

 Click on Extract Peaks. 

The program will now compute and rank the 8 annual peak flows 
from PREDEV.TSF, assign plotting positions (return periods), and 
save the information to the PREDEV.PKS file.  The annual peak 
flows for each of the 8 water years are displayed in the Help/Files – 
KCRTS window.  

The annual peaks are ranked from highest to lowest, and assigned a 
frequency (return interval) based on their relative rank. 

STEP 3. Note the flows for the 2-year and 10-year return periods 
(0.318 and 0.555 cfs, respectively). These flows will be used 
as target release rates in Step 8.  Also note the ranking of the 
hydrographs for the 2-year and 10-year annual peaks as 3 for 
the 10-year and 6 for the 2-year for use in Step 8. 

STEP 4. Click on Return to Previous Menu. From the Main Menu, 
click on Size a Retention/Detention FACILITY. 
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  The Design Technique should be Automatic for all 
Conveyance Protection Ponds. Click on the radio button to 
choose Automatic or Manual.  When in Automatic mode, 
the facility is sized based on the primary design 
hydrograph, which is explained in Step 9.  In Manual 
mode the user controls all facility parameters. 

 The user specifies the filename of the R/D Facility to be 
created (CONVEY.RDF). Enter CONVEY as the R/D 
Facility (filename) and press Enter. 

 Click on Create a new R/D Facility. 

STEP 5. Select the type of facility to be sized.  The various facility 
types appear on the screen.  For this example, we will use a 
pond.  The user is referred to the program documentation for 
a description on all of the facility types. 

 

  Click on Pond. 
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STEP 6. Input the facility specifications.  When sizing a Pond in 
Automatic mode, the user is prompted to enter the following 
information: 

 

 Side Slope (Horizontal Component).  This variable is used to control the 
facility horizontal component of the side slope.  The vertical 
component is fixed at 1.0. 

 Length/Width Ratio. This variable is used to control the ratio of the 
rectangular pond bottom area.  The length to width ratio is measured 
at stage = 0.0.  

 Effective Storage Depth Before Overflow.  The effective storage depth 
should be the maximum water depth in the facility before facility 
overflow occurs.  In this example, the effective storage depth should 
not be exceeded during the 10-year event. 

 Elevation at 0 Stage (Ft).  This is the water elevation of the bottom of 
the pond relative to the desired datum.   

 Riser head (Ft).  The riser head elevation is measured from the invert 
of the control structure outflow pipe to the maximum water surface 
elevation (top of riser).  Riser head must be equal to or greater than 
the effective storage depth. 

 Riser Diameter (in).  The riser diameter defines the overflow capacity of 
the control structure. 

 Number of Orifices.  Two orifices are typically used to size a pond that 
will match the 2-year and the 10-year peak flow. 

 Top of Riser.  The initial sizing of a facility is done with a Flat riser 
top.  If the upper most orifice is not constructable, the uppermost 
orifice can be replaced with a Notch weir.  This is best accomplished 
in Manual mode of Size a Facility. 



HOW TO SIZE A LEVEL I (CONVEYANCE PROTECTION) FACILITY 

  Enter Side Slope: 3; press Enter or Down Arrow. 

 Enter Length/Width Ratio: 2; press Enter or Down Arrow. 

 Enter Effective Storage Depth before Overflow: 4; press 
Enter or Down Arrow. 

 Enter Elevation at 0 Stage: 100; press Enter or Down 
Arrow. 

 Enter Riser Head: 4; press Enter or Down Arrow. 

 Enter Riser Diameter: 18; press Enter or Down Arrow. 

 Enter Number of Orifices: 2; press Enter or Down Arrow. 

 Click on: Flat; Enter or press Down Arrow. 
 

 

 

STEP 7. Define the Point of Compliance Setup.  

 Click on Point of Compliance Setup. 
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  Identify the Facility Inflow time series as DEV and press 
Enter.  The Program will assume a TSF filename 
extension, if not specified. 

 Highlight Facility Outflow and change the filename to be 
used by the Program.  The default filename is RDOUT.  
The Program will add a TSF filename extension, if not 
specified.  This example will use the default filename, so 
press Enter. 

 Highlight HW/TW file for Control Structure Outlet Pipe.  If 
control structure is tailwatered by the downstream 
conveyance system, a HW/TW file, generated from the 
Backwater program, should be specified.  In this example, 
it is assumed that the control structure is not significantly 
tailwatered, so no HW/TW file will be specified.  When not 
specified, as a final design adjustment, the outlet pipe 
from the control structure should be lowered by a distance 
equal to the 2-year headwater depth of the outlet pipe.  
This will better replicate the operating head on the control 
structure.  Press Enter to move to next item. 

 Highlight POC = Facility Outflow.  This is a choice between 
“Facility Outflow” and “Downstream Outflow.”  In this 
example, we will be determining compliance with the 
performance standard at the outflow from the facility.  
Select “Facility Outflow”. 

 The remainder of the data is only required if POC = 
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Downstream Outflow (see Section VIII for information of 
Downstream Point of Compliance calculations.  Select 
Return to Facility Edit Menu. 

 

STEP 8. Set up the Primary Design Hydrograph and Test Inflow 
Hydrographs. 

 Select Edit Test Hydrograph Parameters. 

  Verify the Inflow Time Series as DEV. 

 Select EDIT target peak discharges. 
 
  KCRTS will automatically set-up Test Inflow Hydrograph List. 

The program now displays the Test Inflow Hydrograph List. These 
hydrographs represent runoff events encompassing the 8 annual 
peak events of the time series file DEV.TSF that we specified as the 
inflow time series. 

The hydrographs appear on the screen in ranked order.  When a 
hydrograph event is selected, the help line will display the return 
frequency and peak flow rate of the time series from which the 
event dates were extracted.  In other words, Hydrograph 1 is the 
100-year annual peak inflow event, Hydrograph 2 is the 25-year 
annual peak inflow event, Hydrograph 3 is the 10-year annual 
peak inflow event, and so on.  The Primary Design Hydrograph will 
be used for iterative facility sizing.  However, as noted, the event 
dates associated with the Primary Design Hydrograph, as well as 
all of the Test Inflow Hydrographs, are the dates of the inflow 
annual peak flows.  Since storms with large runoff volumes may 
create higher discharges than the peak inflow events, these event 
dates may not correspond to the dates for the annual facility peak 
outflows.  The method used for correcting these event dates is 
presented in Step 14. 
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STEP 9. Specify the hydrograph number for the Primary Design 
Hydrograph (PDH). This should correspond to the largest 
event that is to be contained within the facility (10-year; 
Hydrograph 3).  KCRTS automatically sizes the uppermost 
orifice and minimizes the storage volume for the storm 
event defined as the Primary Design Hydrograph (PDH).  
For this example, the desired PDH is the 10-year event, or 
Test Inflow Hydrograph 3.   

 

  

 Highlight Primary Design Hydrograph (top line on screen); 
enter 3 (to identify the 10-year event). 

CONTROLLING OTHER EVENTS:   

If downstream conditions warrant control of the 100-year peak, set the 
PDH equal to the largest event being controlled (100-year, Hydrograph 
1).  The routine requires that a PDH be specified and that a Target 
Discharge be specified for the PDH.  Other Targets are optional and will 
not be used by the iterative sizing routine.  Additional targets are 
displayed to the hydrograph summary table, so the designer may adjust 
the control structure configuration to meet additional (smaller) peak 
discharge events.  
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STEP 10. Specify the allowable release rates for the hydrographs to be 
used to size facility (10-year, Hydro #3; 2-year, Hydro #6).  
The screen that appeared on page V-2 showed the flows for 
the various return periods as computed during the 
frequency analysis.  Those flows were noted in Step 3 for the 
2- and 10-year events as 0.318 and 0.555 cfs, respectively.  
Note: 0.32 and 0.56 would be sufficient.  

 

Note:  The default hydrographs are selected based on PEAK flows only.  
Unlike design storms, the ratios of storm peaks to storm volumes vary 
greatly based on the historical rainfall record.  Therefore, the event that 
creates the 10-year peak outflow may not coincide with the 10-year peak 
inflow event.  The Program will correct for this in Step 14. 

 

  Highlight the Target Discharge line for Hydrograph 3; 
enter 0.56. 

  Highlight the Target Discharge line for Hydrograph 6; 
enter 0.32. 

 

STEP 11.  Verify hydrograph list and continue. 

 Select Return to Size Facility Screen. 
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STEP 12. Specify initial orifice information.  The recommended 
setting for Q-max of Orifice 1 is 4/3 of 2-year target 
discharge (4/3 * 0.318 = 0.424), and the setting for the 
Orifice 2 height is 3/4 of storage depth (3/4 * 4 = 3.0). 

 Highlight Define Riser Orifices and Notch and press 
Enter. 

 

FIGURE V-1 

Depth

Initial Orifice Configuration

Q~~2yr
q 3/4

3/h ~~2yr H4

H

Qmax

Storage
Effective

2yr Water level
Assumed

full

 

 

  Enter Height (Orifice 2) 3.0 and press Enter or Down 
Arrow. 

 Enter Q-max (Orifice 1) 0.424 and press Enter or Down 
Arrow. 

 Highlight Entries Complete and press Enter. 
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STEP 13. Next, have KCRTS determine the top orifice size and 
minimum bottom area required for the facility described 
above. 

 Select Iterate then Save to CONVEY.RDF. 

The program will repetitively perform the following two step process, 
until the event dates of the Test Inflow Hydrograph match the event 
dates of the outflow time series at the Point of Compliance (facility 
outflow in this example): 

1. Iterate the Primary Design Hydrograph to determine the minimum 
size facility needed to meet the target release rate for the Primary 
Design Hydrograph at full stage (effective storage depth). 

2. Route the inflow time series (DEV.TSF) and compare the annual 
peak OUTFLOW event dates against the Test Hydrograph List.  If 
any differences are determined the Test Inflow Hydrograph List will 
be updated and the same two step process will be repeated until 
the events in the Test Inflow Hydrograph List correspond to the 
annual peak outflow events.   

Once the routine is finished, the time series results will display in the 
main KCRTS window. Look for the dialog box with Iteration Complete in 
the title bar. 

 

 

STEP 15. The first step in analyzing the Test Hydrograph summary 
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table is to verify that the outflow peaks are aligned in 
ranked order from highest to lowest.  When aligned, the 
user can be reasonably assured that the test hydrographs 
comprise the events that create the 8 annual peak outflows 
from the facility (or downstream POC).  Thus when aligned, 
we can use the same rank vs. return period relationship as 
is used in the flow frequency analysis.   

 

Hydrograph 
Number/Rank 

Return Frequency  
Plotting Positions 

Hydrograph 
Number/Rank 

Return Frequency  
Plotting Positions 

one 100-year Five 3-year 
two 25-year Six 2-year 

three 10-year Seven 1.3-year 
four 5-year Eight 1.1-year 

 
 Inspection 1 — Verify that the 8 calculated outflow peaks 

are aligned from highest to lowest.  The automated 
iteration process includes an event date verification 
routine that will have achieved this condition if the dialog 
box with Iteration Complete in the title bar is displayed on 
the screen.  

 Observation 1 — The 8 calculated hydrographs are 
ranked in descending order.  Therefore, the Test 
Hydrographs correspond to the annual peak outflow 
events with the associated return periods.   

 

 Inspection 2 — Verify that the 10-year and 2-year 
performance was achieved. The calculated peak flows 
must be equal or less than the target flows. 

 Observation 2 — The 10-year peak was matched by 
iteration routine.  The calculated 2-year flow of 0.35 
cfs exceeds the target 2-year flow of 0.32 cfs.  

 

 Inspection 3 — Compare the 10-year and 2-year water 
surface elevation to the riser head and height of the 2nd 
orifice respectively.  Typically, the 1st (lower) orifice 
controls the 2-year flow and the second orifice is set 
slightly above the 2-year water surface elevation. 

 Observation 3 — The 10-year water surface is at the 
top of riser, per iteration routine. The 2-year water 
surface elevation of 2.67 feet is below the height of 
the 2nd orifice, which we set at 3.00 feet in Step 12. 
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Based on these observations, we need to make some adjustments to the 
facility control structure to meet the established criteria. 

 

STEP 16. Modify the facility data to meet established performance 
criteria.  The observations made in the previous step indicate 
the following adjustments are necessary: 

 

 Observation 2 — The calculated 2-year flow of 
0.35 cfs exceeds the target 2-year flow of 0.32 cfs.  

 Adjustment for Observation 2 — The 1st (lower) 
orifice must be made smaller to decrease the 2-year 
release rate. This is accomplished by decreasing 
Orifice 1, Q-max, which we set in Step 12. 

 

 Observation 3 — The 2-year water surface elevation of 
2.67 feet is below the height of the second orifice, which 
we set at 3.00 feet in Step 12. 

 Adjustment for Observation 3 — The height of 
the 2nd orifice should be lowered slightly.  Note: 
The peak stage for the 2-year event will increase 
slightly due to the decreased size of the first orifice 
described in the adjustment for Observation 2.  
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The following iterations are performed to achieve the performance 
requirements. For each iteration, the modified orifice data are presented 
as well as the iteration results.  

Iteration 2:  

 Select Revise R/D Facility Orifices. 

 Reduce Orifice 1: Q-Max (cfs) = 0.40. 

 Lower Orifice 2: Height (ft) = 2.80. 

 Select Entries Complete. 

 Select Iterate then save to CONVEY.RDF. 

 Repeat the Inspection Steps as in Step 15 above. 
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OBSERVATIONS: 

 The 2-year calculated outflow still exceeds the target.  Reduce Q-
max of orifice 1.  

 The 2-year water surface is lower than the height of the second 
orifice. Lower height of orifice 2. 

 
Iteration 3:  

 Select Revise R/D Facility Orifices. 

 Reduce Orifice 1: Q-Max (cfs) = 0.39. 

 Lower Orifice 2: Height (ft) = 2.75. 

 Select Entries Complete. 

 Select Iterate then save to CONVEY.RDF. 

 Repeat the Inspection Steps as in Step 15 above. 
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OBSERVATIONS: 

 From inspection, we see that the 2-year outflow (Hydrograph #6) 
matches the target release rate of 0.32 cfs.  If 2-year water surface 
is at or below the height of orifice 2, no further adjustments in Q-
max of orifice 1 are needed.   

 The 2-year water surface is at 2.71 feet compared to the second 
orifice height of 2.75 feet.  The second orifice height could be 
reduced slightly; however, limitations on the accuracy of 
construction probably do not warrant this adjustment.  Therefore, 
preliminary facility sizing is complete.  Verification of the results of 
the Test Inflow Hydrograph routing must be performed by routing 
the entire time series record through the facility and performing a 
flow frequency analysis on the outflow time series. 

 

STEP 17. Verify the performance by routing the entire eight-year 
inflow time series through the facility and viewing the 
results of the Auto-Analysis. 

 Select Save Facility Parameters. 

 Select Overwrite File. 

This brings you back to the Edit Facilities Menu. 
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STEP 18. Modify the Auto-Analysis setup. 

 
This routine allows the user to identify the tools analyses to be 
performed on the routed time series.  The Auto-Analysis is useful when 
sizing a facility that requires several routing iterations as it eliminates 
repetitive steps that require keyboard input. 

  Select MODIFY Auto-Analysis Setup. 

  Select Calculate Peaks. 

 Select Notify If Events Change. This is a notification 
routine which compares the event dates of the flow 
frequency analysis with the event dates in the Test Inflow 
Hydrograph List.  The user is informed of any 
discrepancies in the assumed return periods of the Test 
Inflow Hydrograph List, and may update the list.  The 
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updated iteration routine of KCRTS Version 4.2 and later, 
automatically keeps the Test Inflow Hydrograph List 
updated during the iteration process.  However, it is a 
good idea to keep this set at Notify since changes in the 
facility made after the last iteration may affect the event 
dates of the annual peaks (and therefore, the assumed 
return period of the test inflow hydrograph events).  

 Select Edit Peak/Duration/Volume Information. 

 

Note:  When sizing a Level 1 (conveyance protection standard) facility, 
the objective is to match peak flows for the predeveloped and developed 
site.  Duration and volume calculations are not necessary for this flow 
control standard. 

 

  Select View Peak List. 

 Select Plot Peaks. 

 Under Files to Plot, enter PREDEV.PKS. (File created in 
Step 2 of this Section)  

 Select Return to Facility Design Menu. 

 Select Overwrite File if needed. 
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STEP 19. Route the DEV time series through CONVEY, then compute 
and plot peaks. 

 Select Route Time Series Perform Auto-Analysis. 

The program will now route the DEV time series through the CONVEY 
facility and then calculate and plot the eight annual peaks from the 
outflow time series. The program automatically assigns the filename 
RDOUT.TSF to the outflow timeseries. 

  The program will automatically display the flow 
frequency plot. 

 

Level 1 Flow Control matches 
peak flows for the 2 - year and 
10 – year events. 
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  Press enter or Right-click to close the Plot window to 
view the peaks in the Help/Files – KCRTS window. 

From inspection we see that the 10-year discharge and stage are 0.56 cfs and 4.00 feet, 
respectively.  The 2-year discharge and stage are 0.321 cfs and 2.72 feet, respectively.  

You have now successfully sized a facility to meet the Level 1 Flow 
Control criteria of matching the 2- and 10-year developed outflows with 
the pre-developed flows. 
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SECTION VI 
  HOW TO SIZE A LEVEL 2 

(STREAM PROTECTION) FACILITY 
 

 

The objective in sizing a Stream Protection Pond is to match flow 
durations between 50 percent of the 2-year flow and the 50-year flows.  
Excursions of up to 10 percent above the target duration curve are 
allowed for flows above the first interval, provided no more than 50 
percent of the target curve is exceeded. 

In this example, we will use the same time series as were developed in 
Section III and used in the example for sizing the conveyance protection 
pond in Section V (i.e., PREDEV and DEV).  Refer to Section III for a 
description on the development of the time series. 
 
 
 
 

STEP 1. Create a new time series for both the pre-developed site and 
the developed condition. Refer to the Section III for step-by-
step examples of creating a time series. For this example, the 
time series files for the pre-developed and the developed site 
will be PREDEV and DEV, respectively. 

STEP 2. Create the Target Duration Curve.  Create a duration file 
(*.DUR) for flows between 50 percent of the 2-year flow and 
the 50-year flow using the PREDEV time series. This will 
become the “TARGET” duration curve. 

From the Main Menu,  

 Select Enter the Analysis TOOLS Module. 

 Select Compute Flow DURATIONS and Exceedance. 
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  Select Full Year  for the Type of Analysis.  See Program 
Documentation Section 8 for more information. 

 Specify Time Series PREDEV. 

 Specify Output file TARGET. 

 Select Continue. 
 
 

 

STEP 3. Specify the interval information. 

Note: The more intervals, the better the resolution of the 
plot. The maximum is 36. 

 The First Interval and Interval Size control the cutoff 
values. 

 Set the First Interval cutoff equal to 50 percent of 2-
year. 

 Set the Interval Size equal to (50-year flow minus 50% 
2-year) / (# Cutoffs minus 1).  Refer to the frequency 
table generated in Section V on page V-2 for the 
PREDEV.TSF peak flows.   

Alternative: For reduced time series the 50-year flow may 
be replaced with the largest event of first 7 years of flow 
record (typically the 25-year peak).   
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  Select the number of intervals and enter 36. Press Tab. 

 Select Interval Size line. 

 Type 0.02;   (0.86-0.16)/(36-1) = 0.02  

 Select First Interval line. 

 Type 0.16;  (0.318 x 0.5) = 0.16 

 Select Compute Flow Durations. 
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The flow duration table is presented below. This table is displayed in the 
Help/Files–KCRTS window. This table is used by the program to generate 
duration plots.  In the first column are the flow/stage cutoff values used 
in the duration analysis.  In the second column, Count is the number of 
timesteps equal to or less than the current cutoff, but greater than the 
previous cutoff.  At the second cutoff shown below, 103 timesteps in the 
7-year record were greater than 0.160 cfs but not greater than 0.180 cfs.   
The third column is equal to Count divided by the total number of 
timesteps in the record (Reduced record total timesteps = 7*365*24 = 
61,320).  The fourth column is the cumulative duration frequency, which 
is calculated by summing the third column for all rows up to the current 
cutoff.   The fifth column is the supplement of the fourth and is 
calculated by subtracting column 4 from 100 percent.  The last column 
is the same value as the fifth column, only displayed in decimal format.  
On graphs of duration plots, the first and last columns are used to plot 
the duration curve.   
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 To see the plotted duration curve: 

 Select Plot Probability EXCEEDANCE Curve. 

 Identify TARGET as the Flow Duration File. 

 Select Plot Flow Duration Data. 

 Verify that the target duration curve was created 
correctly.  The target curve should be along the same 
alignment as PREDEV, but should start at 50 percent of 
the pre-developed 2-year flowrate and should continue 
up to the largest flowrate of the first 7-years.  Small 
differences may be observed at the upper end of the 
curves due to the selection of cutoff values.  This is not a 
concern.    

 

Now you will size a facility to match this target duration curve using the 
routed DEV time series. 
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STEP 4. From the Main Menu, 

 Select Size a Retention/Detention FACILITY. 

 Under Design Technique make sure Automatic is 
designated. If not, select the radio button for to 
Automatic. We will use the Automatic mode for the first 
iteration and then use Manual for subsequent 
iterations. 

 Enter the R/D Facility (filename) as STREAM. 

 Select Create a new R/D Facility. 

  

STEP 5. Select Facility Type 

 Select Pond. 
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STEP 6. Specify Facility Parameters 

  

 

  

  Enter Side Slope: 3; press Tab or Down Arrow. 

 Enter Length/Width Ratio: 2; press Tab or Down Arrow. 

 Enter Effective Storage Depth before Overflow: 4; press 
Tab or Down Arrow. 

 Enter Elevation at 0 Stage: 100; press Tab or Down 
Arrow. 

 Enter Riser Head: 4; press Tab or Down Arrow. 

 Enter Riser Diameter: 18; press Tab or Down Arrow. 

 Enter Number of Orifices: 2; press Tab or Down Arrow. 

 Toggle notch on/off: Flat; press Down Arrow. 

  

 

STEP 7. Define the Point of Compliance Setup.  

 Select Point of Compliance Setup. 
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  Identify the Facility Inflow time series as DEV.  The Program 
will assume a TSF filename extension, if not specified. 

 Select Facility Outflow and change the filename to be used 
by the Program.  The default filename is RDOUT.  The 
Program will add a TSF filename extension, if not specified.  
This example will use the default filename, so press Enter. 

 Select HW/TW file for Control Structure Outlet Pipe.  If 
control structure is tailwatered by the downstream 
conveyance system, a HW/TW file generated from the 
Backwater program should be specified.  In this example, it 
is assumed that the control structure is not significantly 
tailwatered, so no HW/TW file will be specified.  When not 
specified, as a final design adjustment, the outlet pipe from 
the control structure should be lowered by a distance equal 
to the 2-year headwater depth of the outlet pipe.  This will 
better replicate the operating head on the control structure.  
Press Tab to move to next item. 

  Select POC location: at Facility.  This is a choice between “at 
Facility” and “Downstream of Facility”.  In this example, we 
will be determining compliance with the performance 
standard at the outflow from the facility.  Select “at 
Facility”. 

 The remainder of the data is only required if POC location: 
Downstream of Facility (see Section VIII for information of 
Downstream Point of Compliance calculations).  Select 
Return to Facility Edit Menu. 
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STEP 8. Set up the Primary Design Hydrograph and Test Inflow 
Hydrographs. 

 Select Edit Test Hydrograph Parameters and press Enter. 

  Verify the Inflow Time Series as DEV. 

 Select EDIT target peak discharges. 
 
  KCRTS will automatically set-up Test Inflow Hydrograph List. 

The program now displays the Test Inflow Hydrograph List. These 
hydrographs represent 1 month hydrograph encompassing the 8 
annual peak events of the time series file DEV.TSF that we 
specified as the inflow time series. 

The hydrographs appear on the screen in ranked order.  When a 
hydrograph event is selected, the help line will display the return 
frequency and peak flow rate of the time series from which the 
event dates were extracted.  In other words, Hydrograph 1 is the 
100-year annual peak inflow event, Hydrograph 2 is the 25-year 
annual peak inflow event, Hydrograph 3 is the 10-year annual 
peak inflow event, and so on.  The Primary Design Hydrograph will 
be used to determine an initial facility size.  Subsequent 
adjustments to the facility will be done in Manual Mode of Size an 
R/D Facility.  As controlling flow frequencies is not the primary 
objective of the Level 2 standard.  The event dates are less 
important when sizing a Level 2 facility.  After each iteration the 
facility will be saved, the inflow time series routed through the 
saved facility, and a duration analysis performed on the outflow 
time series (and downstream point of compliance, if any).  

 

STEP 9. Set the Primary Hydrograph to Hydrograph 1. This is 
actually the default setting. Set the target release rate of 
Hydrograph 1 equal to the predeveloped 100-year (see 
PREDEV.PKS, on page V-2, 100-year = .97).  Experience 
has shown that matching the 100-year peak from the 
developed site to the predeveloped level and the 2-year peak 
from the developed site to 50 percent of the predeveloped 
level is a conservative approximation and a reasonable 
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starting point.  The facility volume can usually be reduced 
as the orifice configuration is refined. 

 

 
 

 
 Select Primary Hydrograph and enter 1. 

 Select Target Discharge line for Hydrograph 1 and enter 
0.97 and press Enter. 

 Select Return to Size Retention/Detention Facility Screen 
and press Enter. 

 



HOW TO SIZE A LEVEL 2 (STREAM PROTECTION) FACILITY  

With improvements to the automatic sizing routine (PDH iteration), the 
alternative for step 9, described below, will quickly get the designer 
closer to the final facility size than the standard procedure described 
above.  Unlike the standard procedure, it is likely that the facility size 
will need to be increased to achieve the desired outflow duration 
performance.  The process of refining the facility in manual sizing 
mode remains the same as described in the following steps which 
assume the standard procedure is used for step 9.  

 

Alternate
STEP 9. 

Set the Primary Hydrograph to Hydrograph 2.  Set the target 
release rate of Hydrograph 2 equal to the predeveloped 25-
year (see PREDEV.PKS, on page V-2, 25-year = .67).  By 
matching the 25-year event exactly, the uppermost point of 
the outflow duration curve will match the target curve 
exactly. Experience has shown that matching the 2-year 
peak from the developed site to 50 percent of the 
predeveloped level is a conservative approximation and a 
reasonable starting point.  The facility volume can be 
adjusted and the orifice configuration refined. 

 
 

 
 Select Primary Hydrograph and enter 2. 

 Select Target Discharge line for Hydrograph 2 and enter 
0.67 and press Enter. 

 Select Return to Size Retention/Detention Facility Screen 
and press Enter. 
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STEP 10. Define the initial orifice configuration. The lowest flowrate 
of concern is 50 percent of the 2-year. Set Q-max for Orifice 
1 at 4/3 of 50 percent 2-year (0.16 * 4/3 = .21). Set the 
height of Orifice 2 at 3/4 of the effective storage depth. 

FIGURE VI-1 

 

Depth

Initial Orifice Configuration

Q~~2yr
q 3/4

3/h ~~2yr H4

H

Qmax

Storage
Effective

2yr Water level
Assumed

full

 

 

 

  Select Define Riser Orifices and Notch. 

 Input Height Orifice 2:  3.0; press Enter or Down 
Arrow. 

 Input Q-max Orifice 1:  0.21; press Enter or Down 
Arrow. 

 Select Entries Complete. 
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STEP 11. Next, have the program size the initial facility based on the 
above parameters. 

 Select Iterate then Save to stream.rdf. 

 

 

The program will iteratively perform the following two step process: 

1. Iterate the Primary Design Hydrograph to determine the minimum 
size facility needed to meet the target release rate for the Primary 
Design Hydrograph at full stage (effective storage depth). 

2. Route the inflow time series (DEV.TSF) and compare the annual 
peak OUTFLOW event dates against the Test Hydrograph List.  If 
any differences are determined, the Test Inflow Hydrograph List 
will be updated and the same two step process will be repeated 
until the events in the Test Inflow Hydrograph List correspond to 
the annual peak outflow events.   

Once the routine is finished, the time series results will display in the 
main KCRTS window. Look for the dialog box with Iteration Complete in 
the title bar. 
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STEP 13. After the first iteration of the Primary Design Hydrograph, 
the facility should be saved. 

 Select Save Facility. 

 

STEP 14. We will fine-tune the facility in MANUAL sizing mode. Fine-
tuning the facility is easiest if done in MANUAL mode of 
Size a Facility where the designer is in full control of facility 
size and all orifice diameters. 

 Select Return to Main Menu. 

 Select Overwrite File. (if prompted) 

 Select Size a Retention/Detention FACILITY. 

 Select MANUAL as the Design Technique. 

 Select Revise R/D Facility. 

 

STEP 15. To check duration performance, you must route the full 
inflow time series through the facility. We will automate the 
process by setting up an Auto-Analysis routine that will 
plot the outflow duration curve after the DEV time series is 
routed through the pond. 

From the Main Retention/Detention Facility menu box, 

 Select MODIFY Auto-Analysis Setup and press Enter. 

  

  Select Calculate Durations. 

 Select Edit Peak/Duration/Volume Information. 

Note:  When sizing a Level 2 (stream/erosion protection standard) 
facility, the objective is to match flow durations for the predeveloped and 
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developed site.  Peaks and volume calculations are not necessary for this 
flow control standard. 

  Select Plot Durations. 

 Under Files to Plot, enter TARGET. 

 Select Return to Facility Design. 

 Select Route Time Series and Perform Auto-Analysis. 

 The program will automatically display the duration 
plots. 

 

STEP 16. Inspect the duration plots. The plot that appears on your 
screen now needs to be improved to meet the criteria. The 
following general rules for adjustments apply.  

 Bottom Length/Width/Area:  Adjust to control tail 
(high flow end) of the Duration Curve.  Increase to 
prevent overflow.  Decrease if tail stops short.  In 
general increasing the bottom area will move the 
curve down and decreasing the bottom area will 
move the curve up. 

 Bottom Orifice Size:  Adjust to control lowest arc of 
Duration Curve. Increase to raise arc.  Decrease to 
lower arc. 

 Height of Second Orifice:  Lower to move Transition 
Point to the right on the lower arc. Raise to move 
Transition Point left on the lower arc. 

 Second Orifice Size:  Controls second arc. Increase 
to raise arc. Decrease to lower arc. 
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 Observation  Refinement 

1. First arc crosses too high, 1. reduce bottom orifice 
diameter. 

2. Transition point too far 
left, 

2. lower second orifice. 

3. Second arc too high, 3. reduce second orifice 
diameter. 

4. Second arc stops short of 
overflow, 

4. reduce volume if after above 
refinements the second arc 
still stops short of overflow. 

 

Note: The refinements should be made in small increments, or one 
refinement at a time, until you become familiar with the process.  It is 
best to begin with refinements that will adjust the curve in the low flow 
ranges.  The following general rules are helpful when refining a stream 
protection pond. 

1.  First arc crosses slightly high.   

2.  Transition point too far left.  

3.  Second arc too high. 

First arc corresponds to dis-
charge from lower orifice. 

Second arc corresponds to discharge 
from both orifices.  10% vertical 
tolerance except at lower end of target.     

Transition point controlled 
by height of second orifice 

4.  Second arc stops short of overflow. 
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TIPS FOR ANALYZING FACILITY OUTFLOW DURATION CURVES 

 Analyze outflow curve from bottom to top. Likewise, adjust orifices from 
bottom to top. 

 First arc of curve corresponds with the discharge from bottom orifice. (See 
outflow curve below the "oo-------" line on the graph.) 

 Reducing bottom orifice discharge lowers and shortens the bottom 
arc. 

 Increasing bottom orifice raises and lengthens the bottom arc. 

 A transition point in the outflow curve occurs when additional releases 
(orifices, notches, or overflows) kick in. (see "oo-------" line on graph.) 

 Lowering the upper orifice moves the break point right on the lower 
arc. 

 Raising the upper orifice moves the break point left of the lower arc. 

 Upper arc represents the combined discharge of both orifices.  
Adjustments are made to the second orifice as described above for the 
bottom orifice. 

 Increasing facility volume (via bottom length/width/area) moves the entire 
curve down and to the left.  This is done to control riser overflow 
conditions. 

 Decreasing facility volume (via bottom length/width/area) moves the entire 
curve up and to the right.  This is done to ensure outflow duration curve 
extends up to riser overflow. (see "R------" line on graph.) 

 The upper tail of the outflow curve will usually not extend all the way to 
the "R-----" (riser overflow) line. If the "R-----" line does not appear on the 
graph, the facility volume can be reduced until the line appears. 

ADDITIONAL NOTES: 

 Brief excursions above the target duration curve (10 percent maximum 
increase in flow rate) are allowed for flows ABOVE the lower end of the 
range. 

 The target duration curve may be exceeded along no more than 50 percent 
of the curve. 

 The 25-year annual peak discharge must be within 10 percent of the pre-
developed level. 

 

Subsequent adjustments to facility parameters are easiest if done in MANUAL 
mode of Size a Facility. 
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STEP 17. As specified in Step 14, we will fine-tune the facility in 
MANUAL mode. Verify that the facility sizing is in manual 
mode.  To do this from the Facility Main Menu, check to see 
that the option Iterate the Primary Hydrograph is not 
displayed.  Within Edit Facility the bottom line should be 
Save to STREAM.RDF (no reference to “Iterate and Save”).  

If NOT in MANUAL mode, repeat the below procedure, 

 Right click or press any key to return to 
Retention/Detention Facility Menu. 

 Select Return to Main Menu. 

 Select Overwrite File. 

 Select Size a Retention/Detention FACILITY. 

 Select MANUAL as the Design Technique. 

 Select Revise R/D Facility. 

 Select Edit Facility. 

 

The following adjustments to the facility are based on the observations in 
Step 16. 

 

STEP 18. Refine the facility data based on the observations made in 
Step 16. 
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  Retain the Bottom Length (Ft) and Bottom Width (Ft) values.  
To remove a default entry, press the * key.  KCRTS uses 
the following rules based on user specifications: 

 Bottom Area and Width specified:  Bottom Length and 
L/W ratio calculated. 

 Bottom Area and Length specified: Bottom Width and 
L/W ratio calculated. 

 Bottom Length and Width specified: Bottom area and 
L/W ratio calculated 

 Bottom Length, Width, and Area specified:  The L/W 
ratio is calculated.  Using this L/W ratio, new Length 
and Width are calculated from the specified Area. 

 Bottom Area only:  Facility defaults to a 2:1 L/W ratio.  
Bottom Length and Width are calculated. 

 

To retain the previous L/W ratio, leave the default length and 
width values and enter a new bottom area. 

To change the L/W ratio (e.g., to 5:1) change the length and 
width values (e.g., Length = 5, and Width = 1) and specify the 
new bottom area. 

 Select Bottom Area (Sq Ft) and enter 19000.  We are 
reducing the facility size because, as identified in Step 16, 
the curve stopped short of riser overflow. 

 Select Define Riser orifices and Notch. 
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  Reduce Orifice 1 diameter to 1.90 to lower the first arc. 

 Lower Orifice 2 height to 2.80 to move the transition 
point to the right. 

 Reduce Orifice 2 diameter to 4.50 because the second 
arc is too steep. 

 Select Entries Complete. 

 Select Save to stream.rdf. 

 Select Overwrite File. 
 

STEP 19. Route Time Series and Inspect Duration Plots. 

 Select Route Time Series and perform AUTO-ANALYSIS. 
 

STEP 20. Inspect results as in Step 16 and refine the facility as 
necessary. Refer to “Tips for Analyzing Facility Outflow 
Duration Curves” earlier in this Section for guidance on 
which facility parameters to adjust.  Observations and 
recommended refinements appear under the plot for each 
iteration.  The recommended refinements are incorporated 
into the subsequent iteration.  The parameters that are 
adjusted in the facility refinement process are the bottom 
area that affects the pond volume, Orifice 1 diameter, 
Orifice 2 diameter, and Orifice 2 height.  The values used 
for each of these parameters are presented for each 
iteration.  Not all the parameter values change for each 
iteration.  The following is the plot resulting from the first 
refinement iteration. 
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Iteration 1 

 

3.  Second arc stops short of riser overflow.   

2.  Second arc too high. 

1.  Transition point too far left.   

 
 Observation  Refinement 
1. Transition point too far 

left, 
1. lower orifice 2. 

2. Second arc too high, 2. reduce orifice 2 diameter. 
3. Second arc stops short of 

overflow, 
3. reduce volume by reducing 

bottom area. 
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 Iteration 2 

 Facility Data  

 Bottom Area (sq ft):  18,000 

 Orifice 1 Diameter (in): 1.90 

 Orifice 2 Diameter (in): 4.00 

 Orifice 2 Height  (ft):  2.70 

 

 

 

3. Second arc stops short of riser overflow.   

2.  Second arc slightly high.  

1.  Transition point too far left. 

 
 Observation  Refinement 
1. Transition point too far 

left, 
1. lower orifice 2. 

2. Second arc too high, 2. reduce orifice 2 diameter. 

3. Overflow not achieved. 

 No 2nd transition point, 

 Discharge curve stops 
short of target curve, 

3. reduce volume by reducing 
bottom area. 

 

VI-22 KCRTS User’s Guide November 1, 2009 
 



HOW TO SIZE A LEVEL 2 (STREAM PROTECTION) FACILITY  

 

 Iteration 3 

 Facility Data  

 Bottom Area (sq ft):  17,000 

 Orifice 1 Diameter (in): 1.90 

 Orifice 2 Diameter (in): 3.50 

 Orifice 2 Height  (ft):  2.60 

 

 

 

1. Second arc stops short of overflow. 

 
 Observation  Refinement 
1. Riser Overflow not 

achieved, 
1. reduce pond bottom area. 
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 Iteration 4 

 Facility Data  

 Bottom Area (sq ft):  16,000 

 Orifice 1 Diameter (in): 1.90 

 Orifice 2 Diameter (in): 3.50 

 Orifice 2 Height  (ft):  2.60 

 

 

 

1.   Excursion exceeds 10 percent at upper end. 

Second transition point indicating 
facility goes into overflow. 

 
 Observation  Refinement 
1. Facility in overflow too 

soon: 

 Excursion exceeds 10 
percent at upper end, 

1. increase pond bottom area. 

Note: increasing orifice 
diameters will also control 
overflow, provided discharges 
do not exceed allowable rates. 
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 Iteration 5 

 Facility Data  

 Bottom Area (sq ft):  16,500 

 Orifice 1 Diameter (in): 1.90 

 Orifice 2 Diameter (in): 3.50 

 Orifice 2 Height  (ft):  2.60 

 

 

 

 
 Observation  Refinement 
1. Facility meets stated 

performance standard, 
1. none necessary, could try 

small reduction in bottom 
area.  

 

November 1, 2009 KCRTS User’s Guide VI-25 



SECTION VI 

 

 Iteration 6 

 Facility Data  

 Bottom Area (sq ft):  16,400 

 Orifice 1 Diameter (in): 1.90 

 Orifice 2 Diameter (in): 3.50 

 Orifice 2 Height  (ft):  2.60 

 

 

 

1.  Exceedance within 10% 

 
 Observation  Refinement 
1. Small exceedance at upper 

end, 
1. no refinement, exceedance 

is within 10 percent. 
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The final step in sizing a facility to the Level 2 standard is to verify 
compliance with the performance standard using the Compare Durations 
Analysis Tools routine.  This routine will numerically compare the two 
duration curves for the 10 percent tolerance. 

 

STEP 21.  Press Enter or Right-Click to continue. 

 Select Enter the Analysis Tools Module. 

  Select Compare Flow Durations. 
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  Select Base Time Series and enter PREDEV and press 
Down Arrow or press Enter. 

 Select New Time Series and enter RDOUT and press 
Down Arrow or press Enter. 

 Select Output File and enter COMPARE and press Down 
Arrow or press Enter.  Program will add a PRN filename 
extension. 

 Analysis Type= “Discharge” 

 Select Bottom Cutoff and enter 0.16 and press Down 
Arrow or press Enter.  Bottom cutoff should be set to 
lowest value of the range of flows being controlled for 
flow durations (50 percent of pre-developed 2-year in 
this example.) 

 Select Set Upper Cutoff Based on Base Time Series. This 
will update the Upper Cutoff value to correspond to the 
largest flowrate of period of record from the base time 
series. 

 Number of Cutoffs:  Defaults to 14.  This controls the 
number of rows of the output file.  Note:  It does not 
affect the calculated maximum excursions displayed to 
the screen.  

 Select Compare Flow Durations. 
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The routine compares the flow durations of both time series and displays 
this table in the Help/Files – KCRTS window: 

 

The cutoff values selected by the routine are shown in the first column.  
The corresponding fraction of time exceeded of each time series is 
displayed in Columns 2 and 3 with the percent change in time exceeded 
displayed in Column 4.  The right half of the table compares the duration 
curves vertically.  Column 8 (last column) is the check of allowable 
tolerance.   

The following conditions must be met: 

 

STEP 22.  First cutoff must have a percent change (last column) 
equal to or less than 0.0. 

 The remaining cutoffs must have a value less than 
positive 10.0 percent. 

 At least one-half of the cutoffs must have a zero or 
negative percent change.  

 Note the absolute maximum positive and negative 
vertical excursions found at the bottom of the table. 

 The maximum positive excursion must be less than 
positive 10.0 percent. 
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 VII-1 

SECTION VII 
  HOW TO SIZE A LEVEL 3 

(WATER LEVEL PROTECTION) FACILITY 
 

 

The objective in sizing a Water Level Protection Pond is to match flow 
durations between 50 percent of the 2-year flow and the 50-year flows 
and to match the 100-year annual peak outflow to the predeveloped 
level.  Excursions of up to 10 percent above the target duration curve are 
allowed for flows above the first interval.  The 100-year peak must be 
strictly met.  The following criteria will be used in sizing this water level 
protection facility: 

 Design Technique will be Automatic mode in 
Size a Retention/Detention Facility. 

 A 3-orifice control structure will be used.   

 Lower two orifices (Orifices #1 and #2) will be used for 
duration control in the same manner as described in 
Section VI. 

 The upper orifice (Orifice #3) will be used to match the 100-
year peak flow.  Note: The 3rd orifice can be replaced with a 
notch weir after preliminary sizing is completed.  This may be 
necessary if the final design height of the 3rd orifice is too 
close to the top of the riser making it unconstructable.   

In this example, we will use the same time series as were developed in 
Section III and used in the example for sizing the conveyance protection 
pond in Section V (i.e., PREDEV and DEV).  Refer to Section III for a 
description on the development of the time series. 
 

STEP 1. Perform a flow frequency analysis to determine the target 
release rates. The 100-year annual peak flow from the 
predeveloped time series (PREDEV.TSF) sets the maximum 
allowable release rate for the 100-year annual peak outflow. 

 Select Enter the Analysis TOOLS Module. 

 Select Compute PEAKS and Flow Frequencies. 
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  Enter the name of the predeveloped time series, PREDEV, 

as the Time Series File and the Output File. (It is not 
necessary to add the extensions to the names. The 
program will automatically add the *.TSF extension to the 
Time Series File and the *.PKS extension to the Output 
File.) 

 Select Extract Peaks. 

The program will now compute and rank the 8 annual peak flows 
from PREDEV.TSF, assign plotting positions (return periods), and 
write the information to the PREDEV.PKS file. 
 
The annual peak flows for each of the 8 water years are displayed.  
The annual peaks are ranked and assigned a frequency (return 
interval) based on their rank. 
 

Note the 100-year return period annual peak flowrate (0.965 cfs) and 
relative ranking (#1). The Primary Design Hydrograph will be set to #1 
and with a target release rate of 0.965 cfs in Step 9.   

 

 Repeat Step 1 using the developed timeseries DEV.TSF to 
create a flow frequency file DEV.PKS.  

 

STEP 2. Create the Target Duration Curve.  Create a duration file 
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(*.DUR) for flows between 50 percent of the 2-year flow and 
the 50-year flow using the PREDEV time series. This will 
become the “TARGET” duration curve. 

From the Main Menu,  

 Select Enter the Analysis TOOLS Module. 

 Select Compute Flow DURATIONS and Exceedance. 

 

  Select Full Year as the Type of Analysis.  See Program 
Documentation Section 8 for more information. 

 Specify Time Series PREDEV. 

 Specify Output file TARGET. 

 Select Continue. 
 

 

STEP 3. Specify the interval information. 

Note: The more intervals, the better the resolution of the 
plot. The maximum is 36. 

 The First Interval and Interval Size control the cutoff 
values. 

 Set the First Interval cutoff equal to 50 percent of 2-
year. 

 Set the Interval Size equal to (50-year flow minus 50% 
2-year) / (# Cutoffs minus 1).  Refer to the frequency 
table generated in Section V on page V-2 for the 
PREDEV.TSF peak flows.   

Alternative: For reduced time series, the 50-year flow 
may be replaced with the largest event of first 7 years of 
flow record (typically the 25-year peak).   
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  Select the number of intervals and enter 36. 

 Select Interval Size line. 

 Type 0.02;   (0.86-0.16)/(36-1) = 0.02  

 Select First Interval line. 

 Type 0.16;  (0.318 x 0.5) = 0.16 

 Select Compute Flow Durations. 
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The flow duration table is presented below.  This table is used by the 
program to generate duration plots.  In the first column is the flow/stage 
cutoff values used in the duration analysis.  In the second column, 
Count is the number of timesteps equal to or less than the current 
cutoff, but greater than the previous cutoff.  At the second cutoff shown 
below, 101 timesteps in the 7-year record were greater than 0.160 cfs 
but not greater than 0.180 cfs.   The third column is equal to Count 
divided by the total number of timesteps in the record (Reduced record 
total timesteps = 7*365*24 = 61,320).  The fourth column is the 
cumulative duration frequency, which is calculated by summing the 
third column for all rows up to the current cutoff.   The fifth column is 
the supplement of the fourth and is calculated by subtracting column 4 
from 100%.  The last column is the same value as the fifth column, only 
displayed in decimal format.  On graphs of duration plots, the first and 
last columns are used to plot the duration curve.   
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 To see the plotted duration curve: 

 Select Plot Probability EXCEEDANCE Curve. 

 Identify TARGET as the Flow Duration File. 

 Identify PREDEV as the Flow Duration File. 

 Select Plot Flow Duration Data and press Enter. 

 Verify that the target duration curve was created 
correctly.  The target curve should be along the same 
alignment as PREDEV, but should start at 50% of the 
pre-developed 2-year flowrate and should continue up to 
the largest flowrate of the first 7-years.  Small differences 
may be observed at the upper end of the curves due to 
the selection of cutoff values.  This is not a concern.    

 

Now you will size a facility to match this target duration curve using the 
routed DEV time series. 
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STEP 4. From the KCRTS Main Menu, 

 Select Size a Retention/Detention FACILITY. 

 

  

  Select Design Technique and make sure Automatic is 
designated. If not, select Automatic. We will use the 
Automatic mode for all subsequent iterations. 

 Enter the R/D Facility (filename) as LEVEL3. 

 Select Create a new R/D Facility. 

  

STEP 5 Select Facility Type 

 Select Pond. 
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STEP 6 Specify Facility Parameters 

 

 

  Enter Side Slope:  3; press Enter or Down Arrow. 

 Enter Length/Width Ratio:  2; press Enter or Down Arrow. 

 Enter Effective Storage Depth:  4; press Enter or Down 
Arrow. 

 Enter Elevation at 0.0 Stage:  0.00; press Enter or Down 
Arrow. 

 Enter Riser Head:  4; press Enter or Down Arrow. 

 Enter Riser Diameter:  18; press Enter or Down Arrow. 

 Enter Number of Orifices:  3; press Enter or Down Arrow. 

 Toggle Top of Riser to Flat using the space bar; press  
Down Arrow. 
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STEP 7. Set up the Point of Compliance Information. 

 Select Point of Compliance Setup. 

  Select Facility Inflow:  (filename). 

 Enter DEV (it is not necessary to add the TSF extension). 

 Select Facility Outflow: rdout.tsf (rdout.tsf is default 
filename) 

 Enter LEVEL3 (it is not necessary to add the TSF 
extension). 

 Select HW/TW file for Control Structure Outlet Pipe.  If 
control structure is tailwatered by the downstream 
conveyance system, a HW/TW file generated from the 
Backwater program should be specified.  In this example, 
it is assumed that the control structure is not significantly 
tailwatered, so no HW/TW file will be specified.  When not 
specified, as a final design adjustment the outlet pipe from 
the control structure should be lowered by a distance 
equal to the 2-year headwater depth of the outlet pipe.  
This will better replicate the operating head on the control 
structure.  Press Enter to move to next item. 

 Select POC location:  and select facility outflow. 
POC location: is a choice between facility outflow and 
downstream outflow.  See Section VIII, for information on 
downstream point of compliance analysis. 

 Select Return to Facility Edit Menu. 
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STEP 8. Set up the Test Inflow Hydrograph List. 

 Select Edit Test Hydrograph Parameters. 

 

  Select Edit Target Peak Discharges  to modify the 
Primary Design Hydrograph number and the target 
discharges. 

 

STEP 9. Set the Primary Design Hydrograph to Hydrograph #1. This 
is actually the default setting. Set the target release rate of 
Hydrograph 1 equal to the predeveloped 100-year (see 
PREDEV.PKS, on page VII-2, 100-year = .97).  The 
automatic sizing routines will be used after each 
adjustment to iterate the PDH and achieve desired 100-year 
outflow performance.  

 

  Select Primary Design Hydrograph and enter 1. 

 Select Target Discharge line for Hydrograph 1 and enter 
0.97 and press Enter. 

 Select Return to Size Retention/Detention Facility Screen . 
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STEP 10 Define the initial orifice configuration.  

 Select Define RISER Orifices and Notch. 

 

FIGURE VII-1 

Depth

Initial Orifice Configuration
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3/h ~~2yr H4

H
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Storage
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full

25-yr Water level
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Define the initial orifice configuration.  

 The lowest flowrate of concern is 50 percent of the 2-
year. Set Q-max for Orifice 1 at 4/3 of 50 percent 2-year 
(0.16 * 4/3 = .21).  

 Set the height of Orifice 2 at 3/4 of the effective storage 
depth. 

 Set Q-max of Orifice 2 at 50-year peak – Q-max of 
Orifice 1 

Q-max 2 = 0.87 – 0.21 = 0.66 

 Set height of Orifice 3 at 9/10 of the effective storage 
depth. 
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 Select Define Riser Orifices and Notch and press Enter. 

 Input Height Orifice 3:  3.6; press Enter or Down 
Arrow. 

 Input Q-max Orifice 2:  0.66; press Enter or Down 
Arrow. 

 Input Height Orifice 2:  3.0; press Enter or Down 
Arrow. 

 Input Q-max Orifice 1:  0.21; press Enter or Down 
Arrow. 

 Select Entries Complete. 
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STEP 11 Next, have the program size the initial facility based on the 
above parameters. 

 Select Iterate then Save to Level3.rdf and press Enter. 

 

 

 

STEP 12.  Select Save Facility. 

 

 

STEP 13. To check duration performance, you must route the full inflow time 
series through the facility. We will automate the process by setting up an 
Auto-Analysis routine that will plot the duration curves after the DEV 
time series is routed through the pond. 

From the Main Retention/Detention Facility menu box, 

 Select MODIFY Auto-Analysis Setup. 
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  Select Calculate Peaks. 

 Select Notify if events change 

 Select Calculate Durations. 

 Select Edit Peak/Duration/Volume Information. 
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  Select View Peak List. 

 Select Plot Peaks. 

 Select Files to Plot: and enter PREDEV. 

 Select Files to Plot: and enter DEV. 

 Select Plot Durations. 

 Select Files to Plot: and enter TARGET. 

 Select Return to Facility Design Menu. 

 
 

 

  Select Route Time Series Perform Auto-Analysis. 

 
 

November 1, 2009 KCRTS User’s Guide  VII-15 



SECTION VII 

 VII-16 KCRTS User’s Guide November 1, 2009 
 

 

STEP 14. Peak Flows and Flow Frequencies are calculated so that 100-year 
outflow peak performance can be verified and appended to 
documentation file.  As the 100-year outflow event was selected as the 
Primary Design Hydrograph (PDH) this performance will be automatic.  
If not, there is an error in the facility setup, repeat steps 4 through 13 
above.  

Inspect the duration plots. The plot that appears on your screen now 
needs to be improved to meet the criteria. The following general rules for 
adjustments apply.  

 Bottom Pond Area: Unlike the procedures described for Level 2 
Facility sizing (see Section VI), designer does not control bottom 
area in automatic sizing mode used for Level 3 Facility sizing.  In 
automatic mode, the facility size is recalculated based on 
iteration of the PDH (100-year outflow event) each time the 
facility is saved.   

 Q-max Orifice 1: Adjust to control lowest arc of Duration 
Curve. Increase to raise arc.  Decrease to lower arc. 

 Height of Orifice 2: Lower to move Transition Point to the right 
on the lower arc. Raise to move Transition Point left on the lower 
arc. 

 Q-max Orifice 2: Controls second arc. Increase to raise arc. 
Decrease to lower arc. 

 Height of Orifice 3: Controls the location of a second (higher) 
transition point.  Lower the height until second transition point is 
viewed at top of outflow duration curve LEVEL3.DUR.  Raise 
height to move transition point to the left, as needed for flow 
duration compliance.  
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 The flow frequency summary of the outflow timeseries is displayed in the Help/Files – 
KCRTS window.  From the output we see that the 100-year outflow peak automatically 
matches the target discharge at the stage equal to the effective storage depth.  This will 
happen each time the Primary Design Hydrograph is iterated and the facility saved. 

 

The flow frequency plot is displayed in a separate window.  The plot will graphically 
display the same information shown above as shown below. 
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TIPS FOR ANALYZING FACILITY OUTFLOW DURATION CURVES 

 Analyze outflow curve from bottom to top. Likewise, adjust orifices from bottom to 
top. 

 First arc of curve corresponds with the discharge from bottom orifice. (See outflow 
curve below the "oo-------" line on the graph.) 

 Reducing bottom orifice discharge lowers and shortens the bottom arc. 

 Increasing bottom orifice raises and lengthens the bottom arc. 

 A transition point in the outflow curve occurs when additional releases (orifices, 
notches, or overflows) kick in. (see "oo-------" line on graph.) 

 Lowering the upper orifice moves the break point right on the lower arc. 

 Raising the upper orifice moves the break point left of the lower arc. 

 Upper arc represents the combined discharge of both orifices.  Adjustments are made to 
the second orifice as described above for the bottom orifice. 

 Increasing facility volume (via bottom length/width/area) moves the entire curve down 
and to the left.  This is done to control riser overflow conditions. 

 Decreasing facility volume (via bottom length/width/area) moves the entire curve up 
and to the right.  This is done to ensure outflow duration curve extends up to riser 
overflow. (see "R------" line on graph.) 

 The upper tail of the outflow curve will usually not extend all the way to the "R-----" 
(riser overflow) line. If the "R-----" line does not appear on the graph, the facility 
volume can be reduced until the line appears. 

ADDITIONAL NOTES: 

 Brief excursions above the target duration curve (10 percent maximum increase in flow 
rate) are allowed for flows ABOVE the lower end of the range. 

 The target duration curve may be exceeded along no more than 50% of the curve. 

 The 25-year annual peak discharge must be within 10% of the pre-developed level. 
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Press Enter or right click to view the outflow duration plot.   Adjustments will be made 
to the first and second orifices to refine compliance with the duration portion of this 
performance standard.  Note: the horizontal lines indicate the point on the outflow 
duration curve (LEVEL3.DUR) where additional discharges “kick in”.  Two circles 
(“oo”) indicate the second orifice, three circles (“ooo”) indicates the third orifice, “N” 
indicates the start of a notched weir, and “R” indicates the start of riser overflow. 

 
 

 Observation  Refinement 

1. First arc crosses too high, 1. reduce bottom orifice Q-max. 

2. Transition point too far left, 2. lower second orifice height. 

3. Second arc too high, 3. reduce second orifice Q-max. 

 Press Enter or right click to return to the Size a Facility main menu  

To start out, it is recommended that designers make small adjustments to a single 
parameter to familiarize themselves with the effects of individual adjustments.  To save 
space in this document, several adjustments will be made between subsequent duration 
plots.  Based on the previous observations we will make the following adjustments.  
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  Select Edit Facility. 

 Select Define Riser Orifices and Notch. 

  Retain Orifice 3 height at 3.60 feet. 

 Reduce Orifice 2 Q-max to 0.60 to lower second arc. 

 Lower Orifice 2 height to 2.80 to move the transition point to the 
right. 

 Reduce Orifice 1 Q-max to 0.19 to lower the first arc. 

 Select Entries Complete. 

 Select Iterate and Save to Level3.rdf. 

 Select Save Facility. 

 Select Overwrite File. 

  

STEP 15 Route Time Series and Inspect Duration Plots. 

 Select Route Time Series and perform AUTO-ANALYSIS and press 
Enter. 

  

STEP 16 Inspect results as in Step 14 and refine the facility as necessary. Refer to 
“Tips for Analyzing Facility Outflow Duration Curves” earlier in this 
Section for guidance on which facility parameters to adjust.  
Observations and recommended refinements appear under the plot for 
each iteration.  The recommended refinements are incorporated into the 
subsequent iteration.  The parameters that are adjusted in the facility 
refinement process are the Orifice 1 Q-max, Orifice 2 Q-max and height, 
and Orifice 3 height.  The values used for each of these parameters are 
presented for each iteration.  Not all the parameter values change for 
each iteration.  The following is the plot resulting from the first 
refinement iteration. 
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Press Enter or right click until the outflow duration plot is viewed on the screen, as 
shown below. 
 

 
 

 Observation  Refinement 

1. First arc OK, 1. no adjustment this iteration. 

2. Transition point too far left, 2. lower second orifice height. 

3. Second arc too high, 3. reduce second orifice Q-max. 

4. Third orifice not effecting curve, 4. no adjustment this iteration. 
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  Press Enter or right click to return to Size a Facility main menu. 

 Select Edit Facility. 

 Select Define Riser Orifices and Notch. 

 

 

 

   

  Retain Orifice 3 height at 3.60 feet. 

 Reduce Orifice 2 Q-max to 0.50 to lower second arc. 

 Lower Orifice 2 height to 2.70 to move the transition point to the 
right. 

 Retain Orifice 1 Q-max at 0.19. 

 Select Entries Complete. 

 Select Iterate and Save to Level3.rdf. 

 Select Save Facility. 

 Select Overwrite File. 

  

STEP 17. Route Time Series and Inspect Duration Plots. 

 Select Route Time Series and perform AUTO-ANALYSIS. 
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Press Enter or right click until the outflow duration plot is viewed on the screen, as 
shown below. 

 

 

 

 Observation  Refinement 

1. First arc OK, 1. no adjustment this iteration. 

2. Transition point too far left, 2. lower second orifice height. 

3. Second arc OK, 3. no adjustment this iteration. 

4. Third orifice not effecting curve, 4. lower third orifice height. 
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  Press Enter or right click to return to Size a Facility main menu. 

 Select Edit Facility. 

 Select Define Riser Orifices and Notch. 

 

 

 

   

  Lower Orifice 3 height to 3.40 to raise third arc. 

 Retain Orifice 2 Q-max at 0.50. 

 Lower Orifice 2 height to 2.30 to move the transition point to the 
right. 

 Retain Orifice 1 Q-max at 0.19. 

 Select Entries Complete. 

 Select Iterate and Save to Level3.rdf. 

 Select Save Facility. 

 Select Overwrite File. 

  

STEP 18. Route Time Series and Inspect Duration Plots. 

 Select Route Time Series and perform AUTO-ANALYSIS. 
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Press Enter or right click until the outflow duration plot is viewed on the screen, as 
shown below. 
 

 

 Observation  Refinement 

1. First arc a little low, 1. increase Q-max of first orifice 
slightly. 

2. Transition point OK, 2. no adjustment this iteration. 

3. Second arc a little high, 3. decrease Q-max of second orifice 
slightly. 

4. Third arc matches target curve, 4. no adjustment this iteration. 
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  Press Enter or right click to return to Size a Facility main menu. 

 Select Edit Facility. 

 Select Define Riser Orifices and Notch. 

 

 

 

    Retain Orifice 3 height at 3.40. 

 Reduce Orifice 2 Q-max to 0.45 to lower second arc. 

 Retain Orifice 2 height at 2.30. 

 Increase Orifice 1 Q-max to 0.20 to raise first arc. 

 Select Entries Complete. 

 Select Iterate and Save to Level3.rdf. 

 Select Save Facility. 

 Select Overwrite File. 

  

STEP 19. Route Time Series and Inspect Duration Plots. 

 Select Route Time Series and perform AUTO-ANALYSIS. 
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Press Enter or right click until the outflow duration plot is viewed on the screen, as 
shown below. 

 

 Observation  Refinement 

1. First arc strictly below bottom end of 
target curve 

 

2. Within 10% tolerance remainder of 
target curve  

 

3. Portion of target curve exceeded is less 
than 50% 

 

4. Peak flow summary below indicates 
100-year peak matched 

Level 3 sizing is complete. 

 

The final step in sizing a facility to match the Level 3 standard is to verify compliance 
with the performance standard using the Compare Durations Analysis Tools routine.  
This routine will numerically compare the two duration curves for the 10% tolerance. 

 

STEP 20.  Press Enter to continue. 

 Select Enter the Analysis Tools Module. 

  Select Compare Flow Durations. 
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  Select Base Time Series and enter PREDEV and press Down Arrow 
or press Enter. 

 Select New Time Series and enter RDOUT and press Down Arrow 
or press Enter. 

 Select Output File and enter COMPARE and press Down Arrow or 
press Enter.  Program will add a PRN filename extension. 

 Units for Analysis = “Discharge” 

 Select Bottom Cutoff and enter 0.16 and press Down Arrow or press 
Enter.  Bottom cutoff should be set to lowest value of the range of 
flows being controlled for flow durations (50% of pre-developed 2-
year in this example.) 

 Select Set Upper Cutoff Based on Base Time Series. This will update 
the Upper Cutoff value to correspond to the largest flowrate of period 
of record from the base time series. 

 Number of Cutoffs:  Defaults to 14.  This controls the number of 
rows of the output file.  Note:  It does not affect the calculated 
maximum excursions displayed to the plot.  

 Select Compare Flow Durations. 
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The routine compares the flow durations of both time series and displays this table in the 
main KCRTS window: 

 

The cutoff values selected by the routine are shown in the first column.  The 
corresponding fraction of time exceeded of each time series is displayed in Columns 2 
and 3 with the % change in time exceeded displayed in Column 4.  The right half of the 
table compares the duration curves vertically.  Column 8 (last column) is the check of 
allowable tolerance.  The following conditions must be met: 

 

STEP 21. Verify facility performance within allowable tolerance, 

 First cutoff must have a % change (last column) equal to or less than 
0.0. 

 The remaining cutoffs must have a value less than positive 10.0. 

 At least one-half of the cutoffs must have a zero or negative percent 
change.  
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In addition to the above duration performance criteria, a Level 3 facility also needs to 
match 100-year peak flows as shown below.  The 100-year stage should be equal to the 
effective storage depth. 

 

 

The final Level 3 facility for this example problem should be similar to this: 

Retention/Detention Facility 
 
 
         Type of Facility: Detention Pond 
              Side Slope:        3.00  H:1V 
      Pond Bottom Length:      197.22  ft 
       Pond Bottom Width:       98.61  ft 
        Pond Bottom Area:    19447.    sq. ft 
    Top Area at 1 ft. FB:    29222.    sq. ft 
                                 0.671 acres 
 Effective Storage Depth:        4.00  ft 
       Stage 0 Elevation:        0.00  ft 
          Storage Volume:    92756.    cu. ft 
                                 2.129 ac-ft 
              Riser Head:        4.00  ft 
          Riser Diameter:       18.00  inches 
      Number of orifices:        3 
                                     Full Head    Pipe 
    Orifice #      Height  Diameter  Discharge  Diameter 
                    (ft)     (in)      (CFS)      (in) 
       1            0.00      1.92        0.200 
       2            2.30      3.57        0.450    6.0 
       3            3.40      3.90        0.320    6.0 
          Top Notch Weir: None 

Outflow Rating Curve: None
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SECTION VIII 
  HOW TO SIZE A DOWNSTREAM  

POINT OF COMPLIANCE FACILITY 
 

 

Previous Sections V-VII covered facility sizing procedures where the compliance with 
the flow control standard is at the facility outflow structure (control structure).  In some 
cases the actual point of compliance is not located at the facility outflow structure, but 
rather at some point downstream of the facility.  KCRTS supports the iterative design of 
flow control facilities at a Downstream Point of Compliance.  A designer could face a 
Downstream Point of Compliance situation with any of the base detention standards (e.g., 
on-site bypass) or through off-site problem impact mitigation under Core Requirement 
#2.  Point of Compliance Setup allows the direct sizing (Primary Design Hydrograph is 
iterated to the POC) of the following downstream POC analyses. 

 On-Site Bypass Area Analysis   

 Downstream Volume Sensitive Flooding Problem 

 Downstream Reservoir Stage Matching 

 On-site Closed Depression Analysis 

ON-SITE BYPASS AREA ANALYSIS 

In this example, we will modify the example problem developed in Section III to include 
an area of the developed project that cannot gravity drain to the detention facility.  A 
summary of time series input is included below.  Refer to Section III for a description on 
the development of the time series. 

str
ea

m

NG
PE

 b
uf
fe
rdetention

tract

open 

space

BYPASS

AREA

DETAINED

AREA

November 1, 2009 KCRTS User’s Guide VIII-1 



SECTION VIII 

 

TIME SERIES INFORMATION FOR BYPASS AREA ANALYSIS 

 Location:  Kent East Hill 
 Rainfall Region:  Sea-Tac (from Figure 5) 
 Location Scale Factor:  1.0 
 PREDEV.TSF:  5 Acres Till Forest, 5 Acres Till Pasture; Existing site land use 
 RDIN.TSF:  5.5 Acres Till Grass, 3.75 Acres Impervious; Developed site land use 

draining to detention facility 
 BYPASS.TSF:  0.75 Acres Till Grass; Developed site land use bypassing detention 

facility.  Note:  Bypass area includes 0.25 acres of dispersed roof runoff, meeting the 
flowpath requirements of the SWDM.  

 
Follow the procedures outlined in Section III to create the above time series files.   
 

Bypass Area Schematic 

FACILITY 

Combined Discharge 
DSOUT.TSF 

Downstream 
Point of 
Compliance 

Onsite Bypass 

BYPASS.TSF 

Facility Inflow 
RDIN.TSF 

 
 
This example will be done using the Level 1 Detention Standard.  The same general 
procedure would be followed for the Level 2 and 3 standard, substituting relevant 
analytical tools and refinements covered in Sections VI and VII. 
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STEP 1. Perform a flow frequency analysis on PREDEV.TSF to determine the 
maximum allowable discharge at the downstream point of compliance. The 
maximum discharge rates are the 2-year and 10-year peak flows from the 
predeveloped time series (PREDEV.TSF). 

 Select Enter the Analysis TOOLS Module from the main KCRTS menu.

 Select Compute PEAKS and Flow Frequencies. 
 
 

  Enter the name of the predeveloped time series, PREDEV, as the Time 
Series File and the Output File. (It is not necessary to add the 
extensions to the names. The program will automatically add the *.TSF 
extension to the Time Series File and the *.PKS extension to the Output 
File.) 

 Select Extract Peaks. 

 

The program will now compute and rank the eight annual peak flows from 
PREDEV.TSF, assign plotting positions (return periods), and write the 
information to the PREDEV.PKS file. 

The annual peak flows for each of the 8 water years are displayed.  The annual 
peaks are ranked and assigned a frequency (return interval) based on their rank. 
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STEP 2. Note the flows for the 2-year and 10-year return periods (0.318 and 0.555 
cfs, respectively). These flows will be used as target release rates in Step 7.  
Also note the ranking of the hydrographs for the 2-year and 10-year annual 
peaks as 3 for the 10-year and 6 for the 2-year for use in Step 8. 

 

STEP 3. Perform a flow frequency analysis on BYPASS.TSF to be used in 
determining the target release rates from the control structure. The initial 
target release rates will be the difference between the 2-year and 10-year 
peak flows from the predeveloped and bypass area time series 
(PREDEV.TSF and BYPASS.TSF). 

 Select Compute PEAKS and Flow Frequencies. 

 Enter the name of the predeveloped time series, BYPASS, as the Time 
Series File and the Output File. (It is not necessary to add the 
extensions to the names. The program will automatically add the *.TSF 
extension to the Time Series File and the *.PKS extension to the Output 
File.) 

 Select Extract Peaks. 

Note the 2-year annual peak flow from the bypass area time series (0.037 
cfs).  This value will be used in Step 10. 
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STEP 4. From the Main Menu, Select Size a Retention/Detention FACILITY. 

 

  

  The Design Technique should be Automatic for all Conveyance 
Protection Ponds. The space bar can be used to toggle between 
Automatic and Manual.  When in Automatic mode, the facility is 
sized based on the primary design hydrograph, which is explained in 
Step 7.  In Manual mode the user controls all facility parameters. 

 The user specifies the filename of the R/D Facility to be created 
(L1BYP.RDF).  Enter L1BYP as the R/D Facility (filename). 

 Select Create a new R/D Facility. 

 

STEP 5. Select the type of facility to be sized.  The various facility types appear on 
the screen.  For this example, we will use a pond.  The user is referred to 
the program documentation for a description on all of the facility types. 

  Select Pond. 
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STEP 6. Input the facility specifications.  When sizing a Pond in Automatic mode, 
the user is prompted to enter the following information: 

 Side Slope (Horizontal Component).  This variable is used to control the facility 
horizontal component of the side slope.  The vertical component is fixed at 1.0. 

 Length/Width Ratio. This variable is used to control the ratio of the rectangular pond 
bottom area.  The length to width ratio is measured at stage = 0.0.  

 Effective Storage Depth Before Overflow.  The effective storage depth should be the 
maximum water depth in the facility before facility overflow occurs.  In this example, 
the effective storage depth should not be exceeded during the 10-year event. 

 Elevation at 0 Stage (Ft).  This is the water elevation of the bottom of the pond 
relative to the desired datum.   

 Riser head (Ft).  The riser head elevation is measured from the invert of the control 
structure outflow pipe to the maximum water surface elevation (top of riser).  Riser 
head must be equal to or greater than the effective storage depth. 

 Riser Diameter (in).  The riser diameter defines the overflow capacity of the control 
structure. 

 Number of Orifices.  Two orifices are typically used to size a pond that will match the 
2-year and the 10-year peak flow. 

 Top of Riser.  The initial sizing of a facility is done with a Flat riser top.  If the upper 
most orifice is not constructable, the uppermost orifice can be replaced with a Notch 
weir.  This is best accomplished in Manual mode of Size a Facility. 



HOW TO SIZE A DOWNSTREAM POINT OF COMPLIANCE FACILITY  

  

  Enter Side Slope: 3; press Enter or Down Arrow. 

 Enter Length/Width Ratio 2; press Enter or Down Arrow. 

 Enter Effective Storage Depth before Overflow: 4; press Enter or 
Down Arrow. 

 Enter Elevation at 0 Stage: 100; press Enter or Down Arrow. 

 Enter Riser Head: 4; press Enter or Down Arrow. 

 Enter Riser Diameter: 18; press Enter or Down Arrow. 

 Enter Number of Orifices: 2; press Enter or Down Arrow. 

 Toggle notch on/off: Flat; press Down Arrow. 

 

STEP 7. Set up the Point of Compliance Information. 

 Select Point of Compliance Setup. 
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  Select Facility Inflow:  (filename). 

 Enter RDIN (it is not necessary to add the TSF extension). 

 Select Facility Outflow:  rdout.tsf (rdout.tsf is default filename) 

 Enter RDOUT (it is not necessary to add the TSF extension). 

 If control structure is tailwatered from downstream conveyance 
system, Select HW/TW file for Control Structure Outlet Pipe, and 
specify the filename for an existing HW/TW file generated from the 
KCBW program.  Otherwise, the control structure outlet pipe should 
be lowered a depth equal to the 2-year headwater depth for the outlet 
pipe.  See KCBW Program Documentation for more information on 
HW/TW files.   

 Under POC Location:  select downstream outflow. 

 Select Tributary TSF.   

 Enter BYPASS (it is not necessary to add the TSF extension). 

 Select Downstream Outflow.   

 Enter DSOUT (it is not necessary to add the TSF extension). 

 Select Return to Facility Edit Menu. 
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STEP 8. Set up the Test Inflow Hydrograph List. 

Select Edit Test Hydrograph Parameters and press Enter. 

  Edit Target Peak Discharges allows the user to modify the Primary 
Design Hydrograph number and the target discharges.   

 
KCRTS will set-up the initial Test Inflow Hydrograph List based on the inflow 
timeseries, RDIN.TSF. 

The program now displays the Test Inflow Hydrograph List. These hydrographs are 
extracted from the inflow timseries RDIN.TSF.  The hydrograph dates are initially 
selected to include each of the eight annual peak inflows.  Subsequent automatic updates 
to the Test inflow hydrograph will align the event dates with the annual peak outflows, at 
the user specified point of compliance, either the facility outflow or at a downstream 
point of compliance.  The length of hydrograph is dependent on the Event_Window. The 
hydrograph is centered over the date of the annual peak event.  

The hydrographs appear on the screen in ranked descending order.  In other words, 
Hydrograph 1 is the 100-year event, Hydrograph 2 is the 50-year event, Hydrograph 3 is 
the 10-year event, and so on.  The Primary Design Hydrograph will be used for iterative 
sizing of the facility.  However, as noted, the initial event dates of the Test Inflow 
Hydrographs are the dates of the inflow annual peak flows.  The program will 
automatically update the Test Inflow Hydrograph, as needed, based on the outflow 
timeseries such that the final Test Inflow Hydrograph List will be the eight annual peak 
outflow events (at the point of compliance) in ranked descending order.  

 

STEP 9. Set the Primary Design Hydrograph to Hydrograph #3. This is actually the 
default setting. Set the target release rate of Hydrograph 3 equal to the 
predeveloped 10-year (see PREDEV.PKS, on page V-2, 10-year = 0.56).  
The automatic sizing routines will be used after each orifice adjustment to 
iterate the PDH and achieve desired 10-year outflow performance.  
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 Select Primary Design Hydrograph and enter 3. 

 

Note:  The default hydrographs are selected based on PEAK flows only.  Unlike design 
storms, the ratios of storm peaks to storm volumes vary greatly based on the historical 
rainfall record.  The routine has been automated to verify the Test Inflow Hydrograph 
events correspond to the outflow timeseries at the point of compliance and to update the 
Test Inflow Hydrograph as needed. 

 

  Select the Target Discharge line for Hydrograph 3; enter 0.555. 

 Select the Target Discharge line for Hydrograph 6 (third from bottom); 
enter 0.318. 

 Select Return to Size Facility Screen. 

STEP 10. Specify initial orifice information.  The recommended setting for Q-max 
of Orifice 1 is 4/3 of 2-year target discharge (4/3 * 0.318 = 0.424) minus 
the 2-year peak from the bypass time series (0.424 - 0.037 = 0.39). Set 
the Orifice 2 height at 3/4 of storage depth (3/4 * 4 = 3.0). 

 Select Define Riser Orifices and Notch and press Enter. 

  Enter height (Orifice 2) 3.0 and press Enter or Down Arrow. 

 Enter Q-max (Orifice 1) 0.39 and press Enter or Down Arrow. 

 Select Entries Complete. 
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STEP 11. Next, have KCRTS determine the top orifice size and minimum bottom 
area required for the facility described above. 

 Select Iterate then Save to L1BYP.RDF. 

 

While iterating the Primary Design Hydrograph, the routine will automatically determine 
the event dates of the eight annual outflow peaks and update the Test Inflow Hydrograph 
List as needed. 

 

Once the iteration has converged, the designer may select Revise Facility to make 
adjustments to the control structure needed to control events other than the Primary 
Design Hydrograph.  Once the desired performance is achieved, the facility should be 
saved, the full inflow time series routed through the pond, and performance criteria 
verified. 

The results of the first iteration of the Primary Design Hydrograph are shown below and 
in the main KCRTS window: 
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The upper table represents the facility outflow (RDOUT.TSF) results for the test 
hydrograph events corresponding to the eight annual peak events at the point of 
compliance.  Observations from the upper table include: 

 Hydrograph #3 (Primary Design Hydrograph, 10-year) has a peak stage of 4.00 
feet, equal to the effective storage depth of the facility. 

 Hydrograph #6  (2-year) has a peak stage of 2.63 feet.  0.37 feet lower than the 
height of orifice #2 at 3.00 feet.  The height of orifice #2 should be lowered until 
it is only slightly above the 2-year water level. 

The lower table represents the results at the point of compliance.  This is the sum of 
the facility outflow and bypass area time series files (RDOUT.TSF + BYPASS.TSF.  
Observations from the lower table include: 

 Hydrograph #3 (Primary Design Hydrograph, 10-year) generated a peak 
discharge of 0.56 cfs matching the target release for the 10-year. 

  Hydrograph #6  (2-year) generated a peak discharge of 0.34 cfs.  The 2-year 
target discharge was 0.32 cfs.  The lower orifice must be reduced in diameter by 
reducing the Q-max of the orifice #1.  
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STEP 12. Next, make necessary adjustments to the control structure to match the 2-
year target discharge at the Point of Compliance.  Also, lower the height 
of orifice #2 to just above the 2-year water level in the facility. 

 Select Revise Facility and press Enter. 

  Enter height (Orifice 2) 2.80 and press Enter or Down Arrow. 

 Enter Q-max (Orifice 1) 0.37 and press Enter or Down Arrow. 

 Select Entries Complete. 

STEP 13. Next, have KCRTS determine the top orifice size and minimum bottom 
area required for the facility described above. 

 Select Iterate then Save to L1BYP.RDF and press Enter. 

 

The results of the second iteration of the Primary Design Hydrograph as shown below 
and in the main KCRTS window: 

 

The upper table represents the facility outflow (RDOUT.TSF) results for the test 
hydrograph events corresponding to the eight annual peak events at the point of 
compliance.  Observations from the upper table include: 
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 Hydrograph #3 (Primary Design Hydrograph, 10-year) has a peak stage of 4.00 
feet, equal to the effective storage depth of the facility. 

 Hydrograph #6  (2-year) has a peak stage of 2.69 feet.  0.11 feet lower than the 
height of orifice #2 at 2.80 feet.  The height of orifice #2 should be lowered until 
it is only slightly above the 2-year water level. Try 2.73 feet. 

The lower table represents the results at the point of compliance.  This is the sum of the 
facility outflow and bypass area time series files (RDOUT.TSF + BYPASS.TSF.  
Observations from the lower table include, 

 Hydrograph #3 (Primary Design Hydrograph, 10-year) generated a peak 
discharge of 0.56 cfs matching the target release for the 10-year. 

  Hydrograph #6  (2-year) generated a peak discharge of 0.32 cfs matching the 
target release for the 2-year target discharge. No changes are needed for the lower 
orifice. 
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STEP 14. Next, make necessary adjustments to the control structure to match the 2-
year target discharge at the Point of Compliance.  Also, lower the height 
of orifice #2 to just above the 2-year water level in the facility. 

 Select Revise Facility and press Enter. 

 

  Enter height (Orifice 2) 2.73 and press Enter or Down Arrow. 

 Enter Q-max (Orifice 1) 0.37 and press Enter or Down Arrow. 

 Select Entries Complete. 

 

STEP 15. Next, have KCRTS determine the top orifice size and minimum bottom 
area required for the facility described above. 

 Select Iterate then Save to L1BYP.RDF. 

 

The results of the third iteration of the Primary Design Hydrograph as shown below and 
in the main KCRTS window: 

 

 

The upper table represents the facility outflow (RDOUT.TSF) results for the test 
hydrograph events corresponding to the eight annual peak events at the point of 
compliance.  Observations from the upper table include: 
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 Hydrograph #3 (Primary Design Hydrograph, 10-year) had a peak stage of 4.00 
feet, equal to the effective storage depth of the facility. 

 Hydrograph #6  (2-year) had a peak stage of 2.69 feet.  0.04 feet lower than the 
height of orifice #2 at 2.73 feet.  The height of orifice #2 is now only slightly 
above the 2-year water level. 

The lower table represents the results at the point of compliance.  This is the sum of the 
facility outflow and bypass area time series files (RDOUT.TSF + BYPASS.TSF.  
Observations from the lower table include, 

 Hydrograph #3 (Primary Design Hydrograph, 10-year) generated a peak 
discharge of 0.56 cfs matching the target release for the 10-year. 

  Hydrograph #6  (2-year) generated a peak discharge of 0.32 cfs matching the 
target release for the 2-year target discharge.  

 

  Select Save Facility Parameters. 

 

 STEP 16. Modify the Auto-Analysis setup. 

This routine allows the user to identify the tools analyses to be performed on the routed 
time series. The Auto-Analysis is useful when sizing a facility that requires several 
routing iterations as it eliminates repetitive steps that require keyboard input. 

 

  

  Select MODIFY Auto-Analysis Setup. 
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 Select Calculate Peaks. 

 Select Notify If Events Change. 

 Select Edit Peak/Duration/Volume Information. 

Note:  When sizing a conveyance protection facility, the objective is to 
match peak flow for the predeveloped and developed site.  Duration and 
volume calculations are not necessary for this flow control standard. 

  Select View Peaks List. 

 Select Plot Peaks. 

 Select Files to Plot and enter PREDEV.PKS. 

 Select Files to Plot and enter BYPASS.PKS. 

 Select Return to Facility Design Menu. 
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STEP 17. Route the DEV time series through L1BYP, then compute and plot peaks. 

 Select Route Time Series and Perform Auto-Analysis; press Enter. 

The program will now route the DEV time series through the L1BYP facility and 
then calculate and plot the 8 annual peaks from the outflow time series. The 
program automatically assigns the filename RDOUT.TSF to the outflow 
timeseries and DSDOUT.TSF to the downstream point of compliance timeseries. 

 

 View the plot of flow frequency files. 

 

DSOUT matches 
peak flows at 2-, 
and 10-year 
annual peak flows 
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  Press Enter or Right Click to view peaks at facility outflow, 
RDOUT.TSF and at downstream point of compliance, DSOUT.TSF in the 
Help/Files – KCRTS window. 
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OFF-SITE CLOSED DEPRESSION ANALYSIS 

In this example, we will modify the example problem developed in Section III to include 
a downstream closed depression with a “Severe Flooding Problem.”  The lowest finished 
floor elevation of the downstream structure is at elevation 639.4 feet.  Overflow in the 
closed depression begins at elevation 640.8 feet.  A summary of time series input is 
included below.  Refer to Section III for a description on the development of the time 
series. 
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TIME SERIES INFORMATION FOR OFF-SITE CLOSED DEPRESSION ANALYSIS 

 Location:  Kent East Hill 
 Rainfall Region:  Sea-Tac (from Figure 5) 
 Location Scale Factor:  1.0 
 PREDEVH.TSF:  5 Acres Till Forest, 5 Acres Till Pasture; Data Type = Historical; 

Existing site land use 
 DEVH.TSF:  6 Acres Till Grass, 4 Acres Impervious; Data Type = Historical; 

Developed site land use draining to detention facility 
 OFFSITE.TSF: 30 Acres Till Forest, 10 Acres Till Pasture, 3.75 Acres Impervious; 

Data Type = Historical; Existing off site land use.   
Note: Includes total area draining to closed depression that does not flow 
through the flow control facility being designed.  Any upstream reservoir 
routing, summing of time series, etc. may be performed in the creation of 
OFFSITE.TSF.  This TSF would also include any on-site bypass areas.    

 CD1-IN.TSF: Summation of OFFSITE.TSF and PREDEVH.TSF.  The time series 
CD1-IN.TSF will be routed through the closed depression reservoir file to determine 
existing conditions   

 
Follow the procedures outlined in Section III (or run the executable data file 
kc_swdm\kcrts\example\advanced.exc) to create the above defined time series files. The 
analysis of offsite closed depressions should be performed using the full historical runoff 
files.  The relationship or the time series files is shown in the below figure.  
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This example will be done using the criteria outlined in the Surface Water Design Manual 
for a downstream closed depression with a severe flooding problem.  If any 
inconsistencies arise, the requirements of the Surface Water Design Manual shall apply. A 
facility sized to the Level 3 Detention Standard will be used as the starting point (see 
Section VII).  The performance of the Level 3 facility will be verified using the full 
Historical runoff files.  The existing and developed condition stage-frequency plots will 
be compared and the Level 3 facility modified as necessary to maintain existing stage 
frequencies.   
 
Note: The minimum performance criteria does not include an assessment of changes in 
stage-durations in the downstream closed depression.  Maintaining existing condition 
stage-duration curves usually requires aggressive on-site volume controls (e.g., forest 
retention, infiltration, and dispersion).  This is due to the "stacking" effect which occurs 
in downstream reservoirs with long retention times due to increased runoff volumes and 
inability to store runoff on-site longer than the retention times of the downstream 
reservoirs.      
 
 

STEP 1. Create the above defined historical timeseries files.  This can be done 
manually following the procedures outlined in Section III. 

STEP 2. Route the existing condition time series through the closed depression.  The 
outflow time series will be used to determine at what level the “severe 
flooding problem occurs and target water levels in the closed depression.  
From the KCRTS Main Menu: 

 An existing reservoir data file DS_CD1.RS1 is provided with the 
program in the kc_swdm\kcrts\example subdirectory. Otherwise, to 
create a routing data file, Select Define a 1 outlet Reservoir.  

 Define a reservoir data file for the downstream closed depression.  
See the Surface Water Design Manual for procedures for analyzing 
infiltration capacity. 

 Return to the KCRTS Main Menu.  

 

 Select Route through a Single Outlet Reservoir. 
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The reservoir routing table used in this example is shown below.  Note:  closed 
depression with no surface discharge until stage exceeds 6.0 feet. 

One Outlet Reservoir Routing File DS_CD1.RS1 
 
  Stage     Discharge           Storage         Perm-Area 
  (Ft)         (CFS)           (Cu-Ft)           (Sq-Ft) 
   0.00          0.000               0.                 0. 
   1.00          0.000            3454.              4315. 
   2.00          0.000            8608.              6274. 
   3.00          0.000           14945.              7800. 
   4.00          0.000           22828.              9378. 
   5.00          0.000           35892.             12645. 
   6.00          0.000           48143.             15543. 
   7.00          8.540           62567.             19901. 
   8.00         26.320           89502.             32514. 
 
    634.80 Ft         : Base Reservoir Elevation 
      6.0 Minutes/Inch: Average Perm-Rate 

 
  Enter the name of the reservoir file (DS_CD1.RS1), existing condition 

inflow time series (CD1-IN.TSF), and the outflow time series (CD1-
EX.TSF).  It is not necessary to add the extensions to the names. The 
program will automatically look for the *.TSF extension for the Time 
Series File and will add a *.PKS extension to the Output File.  

 

  Specify the Reservoir File Name as DS_CD1.RS1 and press Down 
Arrow or press Enter. 

 Specify the Inflow Time Series as CD1-IN.TSF and press Down 
Arrow or press Enter. 

 Specify the Outflow Time Series as CD1-EX.TSF and press Down 
Arrow or press Enter. 

 Select Route Through the Reservoir. 
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STEP 3. Perform a flow frequency analysis on CD1-EX.TSF to determine the water 
level frequencies and the return period of the stage corresponding to the 
lowest finished floor elevation of problem structure.  

 Select Enter the Analysis TOOLS Module from the main KCRTS menu. 

 Select Compute PEAKS and Flow Frequencies. 
 

  Enter the name of the existing condition outflow time series, CD1-EX, 
as the Time Series File and the Output File. (It is not necessary to add 
the extensions to the names. The program will automatically look for 
the *.TSF extension for the Time Series File and will add a *.PKS 
extension to the Output File.) 

 Select Extract Peaks. 

 

 

The program will now compute and rank the annual peak flows from the historical time 
series file CD1-EX.TSF, assign plotting positions (return periods), and write the 
information to the CD1-EX.PKS file. 
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The annual peak flows for each of the 45 water years are displayed.  The annual peaks 
are ranked and assigned a frequency (return interval) based on their rank. 

Flow Frequency Analysis 
  Time Series File:cd1-ex.tsf 
  Project Location:Sea-Tac 
 
  ---Annual Peak Flow Rates---      -----Flow Frequency Analysis------- 
 Flow Rate  Rank  Time of Peak       - - Peaks - -  Rank  Return  Prob 
   (CFS)                             (CFS)    (ft)        Period 
   0.000     14   2/17/49  0:00       1.61    6.19    1   80.57   0.988 
   0.000     12   3/03/50 18:00      0.705    6.08    2   28.92   0.965 
   0.705      2   2/09/51 19:00      0.000    5.89    3   17.63   0.943 
   0.000     33   1/30/52 10:00      0.000    5.45    4   12.67   0.921 
   0.000     40   1/18/53 20:00      0.000    4.98    5    9.89   0.899 
   0.000     22   1/06/54  7:00      0.000    4.98    6    8.12   0.877 
   0.000      8   2/07/55 23:00      0.000    4.94    7    6.88   0.855 
   0.000     15  12/20/55 19:00      0.000    4.53    8    5.97   0.832 
   0.000     16  12/09/56 17:00      0.000    4.28    9    5.27   0.810 
   0.000     17   1/16/58 21:00      0.000    4.18   10    4.72   0.788 
   0.000     23   1/24/59  7:00      0.000    4.14   11    4.27   0.766 
   0.000      7  11/21/59  2:00      0.000    4.07   12    3.90   0.744 
   0.000     27   2/24/61 17:00      0.000    3.94   13    3.59   0.722 
   0.000     41   1/02/62 23:00      0.000    3.53   14    3.33   0.699 
   0.000     32  11/25/62 15:00      0.000    3.46   15    3.10   0.677 
   0.000     21   1/01/64 20:00      0.000    3.32   16    2.90   0.655 
   0.000     34  11/30/64  9:00      0.000    3.29   17    2.72   0.633 
   0.000     38   1/05/66 17:00      0.000    3.24   18    2.57   0.611 
   0.000     10   1/19/67 17:00      0.000    2.71   19    2.43   0.589 
   0.000     20   2/04/68  0:00      0.000    2.53   20    2.31   0.566 
   0.000     19  12/03/68 20:00      0.000    2.40   21    2.19   0.544 
   0.000     31   1/14/70  0:00      0.000    2.39   22    2.09   0.522 
   0.000     35  12/06/70 10:00      0.000    2.39   23    2.00   0.500 
   0.000      6   3/06/72 21:00      0.000    2.39   24    1.92   0.478 
   0.000     28   1/13/73  6:00      0.000    2.37   25    1.84   0.456 
   0.000     29   1/15/74  4:00      0.000    2.36   26    1.77   0.434 
   0.000     13  12/27/74  3:00      0.000    2.35   27    1.70   0.411 
   0.000     26  12/02/75 22:00      0.000    2.33   28    1.64   0.389 
   0.000     45   8/26/77  3:00      0.000    2.18   29    1.58   0.367 
   0.000     30  12/10/77 19:00      0.000    2.16   30    1.53   0.345 
   0.000     42  11/19/78  4:00      0.000    2.12   31    1.48   0.323 
   0.000     11  12/15/79  9:00      0.000    2.10   32    1.43   0.301 
   0.000     36  12/26/80  4:00      0.000    2.07   33    1.39   0.278 
   0.000      9  10/06/81 17:00      0.000    1.96   34    1.34   0.256 
   0.000     18   1/05/83 11:00      0.000    1.94   35    1.31   0.234 
   0.000     37   1/24/84 12:00      0.000    1.89   36    1.27   0.212 
   0.000     43   2/11/85  5:00      0.000    1.85   37    1.23   0.190 
   0.000      4   1/18/86 22:00      0.000    1.73   38    1.20   0.168 
   0.000      5  11/24/86  7:00      0.000    1.69   39    1.17   0.145 
   0.000     39   1/14/88 14:00      0.000    1.46   40    1.14   0.123 
   0.000     44  12/30/88  6:00      0.000    1.32   41    1.11   0.101 
    1.61      1   1/09/90 10:00      0.000    1.09   42    1.09   0.079 
   0.000      3   4/05/91  4:00      0.000    1.04   43    1.06   0.057 
   0.000     24   1/27/92 18:00      0.000    0.89   44    1.04   0.035 
   0.000     25   3/23/93  1:00      0.000    0.86   45    1.01   0.012 
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STEP 4. Note from the example description that the flooding problem begins at 
elevation 639.4 feet.  The stage zero elevation is 634.8 feet, making the 
stage at which flooding occurs to be 4.60 feet.  From inspection, this 
corresponds to approximately a 6-year return period.  

 

Below is the stage-frequency curve from the existing outflow conditions at 
the closed depression based on CD1-EX.TSF.  

 

Lowest Finished Floor @ 4.6 ft. 
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OPTIONAL ANALYSIS: 
The user may generate a No R/D scenario by creating a new inflow timeseries by adding 
OFFSITE.TSF and DEVH.TSF timeseries.  Routing this no R/D timeseries through the 
downstream reservoir to determine what effect the project would have on the downstream 
flooding problem if the flow control facility were bypassed.  
 
Additionally, the user may generate a No Discharge scenario by routing the timeseries 
file OFFSITE.TSF through the downstream reservoir.  The resulting outflow timeseries 
would simulate the (possibly hypothetical) situation where all of the flows from the 
project site were infiltrated or bypassed around the downstream reservoir.   
 
Plotting the results of the 3 scenarios (Existing, No R/D, and No Discharge) may be 
useful to the designer in assessing the range of conditions that the project may effect on 
the downstream reservoir.  For this example problem the resulting stage-frequency plot is 
shown below. 
 

Lowest Finished Floor @ 4.6 ft. 
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STEP 5.  Complete the sizing procedures for a pond meeting the Level 3 detention 
standard.  See Section VII for guidance in the Level 3 sizing procedures.   

 Complete Section VII sizing procedures. 

 Save final facility to LEVEL3.RDF.  

 

STEP 6.  Check the performance of the Level 3 detention standard at the 
downstream closed depression.  To do this we will modify the 
LEVEL3.RDF facility to define the point of compliance as the 
downstream reservoir and perform a stage-frequency analysis on the 
outflow timeseries from the reservoir.  As required by the Surface Water 
Design Manual, this analysis will be performed using the full Historical 
runoff files.   

Starting at the KCRTS Main Menu.  

Select Size a Retention/Detention FACILITY. 
 

  The Design Technique should be Manual for the initial downstream 
point of compliance check of performance.  If adjustments are needed 
to meet the downstream performance criteria, the Automatic sizing 
routines may help in achieving the desired performance.  The space bar 
can be used to toggle between Automatic and Manual. In Manual 
mode the user controls all facility parameters. 

 Toggle Design Technique to Manual and press Down Arrow. 

The user specifies the filename of the R/D Facility to be used 
(LEVEL3.RDF).   

 Enter LEVEL3 as the R/D Facility (filename) and press Enter. 

 Select Revise R/D Facility. 
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 Select Edit Facility . 
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STEP 7. Verify the general facility specifications used in LEVEL3.RDF. No changes 
to the facility should be made until the downstream performance has been 
determined.  The variable definitions are shown below,  

 

 Side Slope (Horizontal Component).  This variable is used to control the facility 
horizontal component of the side slope.  The vertical component is fixed at 1.0. 

 Length/Width Ratio.  This variable controls the ratio of the reservoir length to 
reservoir width.  The user specified ratio is set at stage = 0.0.  

 Effective Storage Depth Before Overflow.  The effective storage depth should be the 
maximum water depth in the facility before facility overflow occurs.  In this example, 
the effective storage depth should not be exceeded during the 10-year event. 

 Elevation at Stage 0.0 (Ft).  This is the water elevation of the bottom of the 
pond relative to the same datum as the other parameters. 

 Riser head (Ft).  The riser head elevation is measured from the outflow pipe 
to the maximum water surface elevation.  Riser head is equal to or greater 
than the effective storage depth. 

 Riser Diameter (in).  The riser diameter defines the overflow condition. 

 Number of Orifices.  Two orifices are typically used to size a pond that will 
match the 2-year and the 10-year peak flow. 

 Top of Riser.  The initial sizing of a facility is done with a Flat riser top.  The 
riser top may be represented as Notch only when sizing the facility in 
Manual mode. 

 

STEP 8. Set up the Point of Compliance Information.  We will modify the POC 
Setup to use the full historical timeseries files created in Step 1. 

 Select Point of Compliance Setup. 
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  Select Facility Inflow:  (filename). 

 Enter DEVH (it is not necessary to add the TSF extension). 

 Select Facility Outflow:  rdout.tsf (rdout.tsf is default filename) 

 Enter RDOUT (it is not necessary to add the TSF extension). 

 If control structure is tailwatered from downstream conveyance 
system, Select HW/TW file for Control Structure Outlet Pipe, and 
specify the filename for an existing HW/TW file generated from the 
KCBW program.  Otherwise, the control structure outlet pipe should 
be lowered a depth equal to the 2-year headwater depth for the outlet 
pipe.  See KCBW Program Documentation for more information on 
HW/TW files.   

 Select POC =  and select Downstream of Facility. 

 Select Tributary TSF:   

 Enter OFFSITE (it is not necessary to add the TSF extension). 

 Select Reservoir File: 

 Enter DS_CD1.RS1 (it is not necessary to add the RS1 extension). 

 Select Downstream Outflow:   

 Enter DSOUT (it is not necessary to add the TSF extension). 

 Select Return to Facility Edit Menu. 
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  Select Save to Level3.rdf. 

 Select Overwrite . 
 

 

AUTO-ANALYSIS ROUTINE 

The Auto-Analysis routine allows the user to identify the "Tools" analyses to be 
performed on the routed time series.  When performing a downstream point of 
compliance analysis, the routine will perform all calculations on both the facility outflow 
timeseries and the downstream outflow timeseries. The Auto-Analysis is useful when 
sizing a facility that requires several routing iterations as it eliminates repetitive steps that 
require keyboard input. 
 

STEP 9. Modify the Auto-Analysis Setup to have KCRTS perform a flow 
frequency analysis on the outflow timeseries from the downstream 
reservoir.  In addition, KCRTS can be set up to plot the stage-frequency 
relationship for the existing and developed conditions at the downstream 
POC.   

Note:  When a flow frequency analysis is performed on an outflow 
timeseries, both flow- and stage-frequencies are automatically 
calculated.  When plotting the results, the user must choose between 
plotting flows or stages. In contrast, when a duration analysis is 
performed on an outflow timeseries, the user must choose between 
flow/stage cutoffs before the computations can be made.    

VIII-32 KCRTS User’s Guide November 1, 2009 
 



HOW TO SIZE A DOWNSTREAM POINT OF COMPLIANCE FACILITY  

 

  Select MODIFY Auto-Analysis Setup and press Enter. 
 

 

      Select Calculate Peaks. 

 Select Notify If Events Change. 

 Select Edit Peak/Duration/Volume Information. 

Note:  The performance standard for the downstream reservoir point-of-compliance 
analysis is to not increase peak water level (stage) frequencies in the downstream 
reservoir above the elevation where the flooding first occurs. Duration and volume 
calculations are not necessary for this flow control standard. 
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  Select View Peaks List. 

 Select Plot Peaks. 

 Under Plot Type Select Stage. 

 Under Files to Plot enter CD1-EX.PKS. 

 Select Return to Facility Design Menu. 

STEP 10. Route the DEVH time series through LEVEL3, Add RDOUT and 
OFFSITE time series, route combined time series through the downstream 
DS_CD1 reservoir to create DSOUT time series.  Compute and plot peak 
reservoir stages in the facility and downstream reservoir. 

  Select Route Time Series and Perform Auto-Analysis. 

 

The program will now route the DEVH time series through the LEVEL3 facility, add 
RDOUT and OFFSITE time series, and route the combined time series through 
downstream reservoir DS_CD1 to create DSOUT time series. 
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 If t was set to Notify in Step 1, the 

Not

 switched from an 8 year 
reduced record to the full historical record.    

 

 

st will improve the iteration time. 

 11. 

he Event Date Notification routine 
following screen will be displayed.   

e: The notification screen informs the user that the Test  Hydrograph 
List does not include the event dates which generate the annual peak 
discharges (and associated return periods) of interest.  This occurs now 
because in Step 8 the inflow timeseries was

It is recommended to keep the event dates current in the Test Hydrograph 
List.  In the event that we want to use the automatic sizing iteration routine, 
an up-to-date hydrograph li

 Select Update Peaks.  

This will change the event dates as indicated on the screen. 

 Press Enter or right click STEP and the stage-frequency plot is displayed, as 
shown below. 
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Lowest Finished Floor @ 4.6 ft.

 

The resulting plot has 3 curves.  The facility reservoir stage frequency, with 
corresponding control structure indicator lines, and the two downstream closed 
depression stage frequency curves.  For compliance, the DSOUT.PKS plot (small "x") 
must be at or below the existing condition stage frequency plot, CD1-EX.PKS (small 
"o") for all existing stage elevations above the stage where the flooding problem first 
occurs (4.6 feet).   

In this example, the Level 3 detention standard achieved the desired performance 
objective at the downstream closed depression.  This will often be the case.  However, 
under some circumstances, the Level 3 facility may need to be increased to provide more 
complete protection against increased frequency of flooding stages.  If adjustments are 
needed to achieve desired performance, the designer will need to iteratively make 
adjustments to the facility parameters.  When a downstream volume sensitive (Type III) 
flooding problem exists, or potentially could be created, the resulting facility must also 
meet the Level 3 standard for on-site discharges.  This is intended to prevent increasing 
water levels from smaller events.  Otherwise, as the tributary basin develops the reservoir 
water levels could be at the brink of flooding during more frequent events.  The accuracy 
of non-calibrated hydrologic modeling does not support establishment of such a fine line.  

 

  The peaks from the facility outflow time series will be displayed in the 
Help /KCRTS – Files window.   

Note:  Since this is a full historical time series the output will scroll for 
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several screens.  The full output file, RDOUT.PKS, is shown below. 

          Flow Frequency Analysis      LogPearson III Coefficients 
  Time Series File:rdout.tsf            Mean=  -0.962 StdDev=  0.188 
  Project Location:Sea-Tac                      Skew=  0.942 
 
  ---Annual Peak Flow Rates---      -----Flow Frequency Analysis------- 
 Flow Rate  Rank  Time of Peak       - - Peaks - -  Rank  Return  Prob 
   (CFS)                             (CFS)    (ft)        Period 
   0.095     32   2/18/49 10:00      0.382    2.70    1   89.50   0.989 
   0.132     12   3/06/50  3:00      0.364    2.65    2   32.13   0.969 
   0.382      1   2/10/51 21:00      0.290    2.53    3   19.58   0.949 
   0.085     39   2/01/52 15:00      0.230    2.48    4   14.08   0.929 
   0.081     41   1/19/53 21:00      0.210    2.45    5   10.99   0.909 
   0.110     20   1/07/54 15:00      0.179    2.40    6    9.01   0.889 
   0.122     14   2/09/55 16:00      0.150    2.26    7    7.64   0.869 
   0.138     10  12/23/55 13:00      0.146    2.13    8    6.63   0.849 
   0.099     28   2/26/57 21:00      0.143    2.03    9    5.86   0.829 
   0.115     16   1/18/58  8:00      0.138    1.91   10    5.24   0.809 
   0.097     29   1/25/59 13:00      0.133    1.77   11    4.75   0.789 
   0.150      7  11/22/59 21:00      0.132    1.73   12    4.34   0.769 
   0.104     24   2/26/61  1:00      0.126    1.58   13    3.99   0.749 
   0.069     45   1/04/62  6:00      0.122    1.49   14    3.70   0.729 
   0.097     30  11/27/62  8:00      0.119    1.41   15    3.44   0.709 
   0.099     27   1/03/64  4:00      0.115    1.32   16    3.22   0.690 
   0.095     31  12/02/64  5:00      0.114    1.30   17    3.03   0.670 
   0.085     40   1/07/66 15:00      0.114    1.30   18    2.85   0.650 
   0.119     15   1/21/67 11:00      0.113    1.28   19    2.70   0.630 
   0.092     34   2/05/68  8:00      0.110    1.21   20    2.56   0.610 
   0.092     35  12/05/68 11:00      0.108    1.16   21    2.44   0.590 
   0.087     37   1/27/70 17:00      0.107    1.14   22    2.32   0.570 
   0.093     33  12/08/70  0:00      0.106    1.11   23    2.22   0.550 
   0.230      4   3/07/72 21:00      0.104    1.07   24    2.13   0.530 
   0.102     26  12/28/72  1:00      0.103    1.06   25    2.04   0.510 
   0.114     18   1/17/74 10:00      0.102    1.04   26    1.96   0.490 
   0.107     22  12/28/74 16:00      0.099    0.98   27    1.89   0.470 
   0.106     23  12/04/75 23:00      0.099    0.97   28    1.82   0.450 
   0.021     50   3/09/77 11:00      0.097    0.94   29    1.75   0.430 
   0.103     25  12/16/77 12:00      0.097    0.93   30    1.70   0.410 
   0.065     46   2/13/79 14:00      0.095    0.91   31    1.64   0.390 
   0.146      8  12/19/79 16:00      0.095    0.90   32    1.59   0.370 
   0.089     36  12/28/80  1:00      0.093    0.86   33    1.54   0.350 
   0.113     19  10/08/81  7:00      0.092    0.84   34    1.49   0.330 
   0.114     17   1/07/83  9:00      0.092    0.84   35    1.45   0.310 
   0.077     42   1/25/84 19:00      0.089    0.79   36    1.41   0.291 
   0.050     48   2/12/85  9:00      0.087    0.77   37    1.37   0.271 
   0.143      9   1/20/86 17:00      0.086    0.75   38    1.33   0.251 
   0.133     11  11/26/86  4:00      0.085    0.72   39    1.30   0.231 
   0.077     43   1/16/88  1:00      0.085    0.72   40    1.27   0.211 
   0.056     47   4/06/89 14:00      0.081    0.66   41    1.24   0.191 
   0.210      5   1/10/90 22:00      0.077    0.59   42    1.21   0.171 
   0.290      3   4/06/91  4:00      0.077    0.59   43    1.18   0.151 
   0.108     21   1/31/92 11:00      0.071    0.51   44    1.15   0.131 
   0.086     38   3/24/93  9:00      0.069    0.48   45    1.12   0.111 
   0.044     49   2/18/94 13:00      0.065    0.42   46    1.10   0.091 
   0.126     13   2/21/95 10:00      0.056    0.31   47    1.08   0.071 
   0.364      2   2/09/96 20:00      0.050    0.25   48    1.05   0.051 
   0.179      6   1/03/97 14:00      0.044    0.19   49    1.03   0.031 
   0.071     44   1/08/98  4:00      0.021    0.04   50    1.01   0.011 
Computed Peaks                       0.398    2.75       100.00   0.990 
Computed Peaks                       0.325    2.55        50.00   0.980 
Computed Peaks                       0.263    2.52        25.00   0.960 
Computed Peaks                       0.195    2.43        10.00   0.900 
Computed Peaks                       0.183    2.41         8.00   0.875 
Computed Peaks                       0.152    2.30         5.00   0.800 
Computed Peaks                       0.102    1.04         2.00   0.500 
Computed Peaks 0 078 0 61 1 30 0 231

 

  The peaks from the downstream reservoir outflow time series, 
DSOUT.TSF will be displayed in the Help /KCRTS – Files window. 

The full output file, DSOUT.PKS, is shown below. Note:  The computed 

November 1, 2009 KCRTS User’s Guide  VIII-37 



SECTION VIII 

peaks (Log Pearson Type III) are not calculated when there are annual peak 
flows with zero discharge. 

 

          Flow Frequency Analysis 
  Time Series File:dsout.tsf 
  Project Location:Sea-Tac 
 
  ---Annual Peak Flow Rates---      -----Flow Frequency Analysis------- 
 Flow Rate  Rank  Time of Peak       - - Peaks - -  Rank  Return  Prob 
   (CFS)                             (CFS)    (ft)        Period 
   0.000     16   2/16/49 23:00       1.51    6.18    1   89.50   0.989 
   0.000     14   3/03/50 18:00      0.719    6.08    2   32.13   0.969 
   0.719      2   2/09/51 19:00      0.640    6.07    3   19.58   0.949 
   0.000     37   1/30/52 10:00      0.000    5.87    4   14.08   0.929 
   0.000     44   1/18/53 20:00      0.000    5.22    5   10.99   0.909 
   0.000     27   1/06/54  7:00      0.000    5.22    6    9.01   0.889 
   0.000      9   2/07/55 22:00      0.000    4.90    7    7.64   0.869 
   0.000     17   1/06/56 11:00      0.000    4.89    8    6.63   0.849 
   0.000     19  12/09/56 17:00      0.000    4.31    9    5.86   0.829 
   0.000     20   1/16/58 21:00      0.000    4.28   10    5.24   0.809 
   0.000     29   1/24/59  3:00      0.000    4.08   11    4.75   0.789 
   0.000      5  11/21/59  2:00      0.000    4.07   12    4.34   0.769 
   0.000     28  11/24/60 10:00      0.000    3.96   13    3.99   0.749 
   0.000     45   1/02/62 23:00      0.000    3.91   14    3.70   0.729 
   0.000     34  11/25/62 15:00      0.000    3.66   15    3.44   0.709 
   0.000     30   1/01/64 20:00      0.000    3.35   16    3.22   0.690 
   0.000     35  12/01/64  2:00      0.000    3.32   17    3.03   0.670 
   0.000     42   1/05/66 17:00      0.000    3.29   18    2.85   0.650 
   0.000     13   1/19/67 17:00      0.000    3.25   19    2.70   0.630 
   0.000     23   2/04/68  0:00      0.000    3.13   20    2.56   0.610 
   0.000     22  12/03/68 19:00      0.000    3.03   21    2.44   0.590 
   0.000     31   1/14/70  0:00      0.000    2.51   22    2.32   0.570 
   0.000     38  12/06/70 10:00      0.000    2.43   23    2.22   0.550 
   0.000      7   3/06/72 22:00      0.000    2.36   24    2.13   0.530 
   0.000     26   1/13/73  6:00      0.000    2.26   25    2.04   0.510 
   0.000     32   1/15/74  3:00      0.000    2.26   26    1.96   0.490 
   0.000     15  12/27/74  2:00      0.000    2.25   27    1.89   0.470 
   0.000     25  12/02/75 22:00      0.000    2.23   28    1.82   0.450 
   0.000     48   8/26/77  3:00      0.000    2.21   29    1.75   0.430 
   0.000     33  12/10/77 18:00      0.000    2.18   30    1.70   0.410 
   0.000     46  11/19/78  4:00      0.000    2.16   31    1.64   0.390 
   0.000     12  12/15/79 10:00      0.000    2.12   32    1.59   0.370 
   0.000     39  12/26/80  4:00      0.000    2.09   33    1.54   0.350 
   0.000     10  10/06/81 17:00      0.000    2.06   34    1.49   0.330 
   0.000     21   1/05/83 10:00      0.000    2.05   35    1.45   0.310 
   0.000     40   1/24/84 12:00      0.000    2.01   36    1.41   0.291 
   0.000     47   6/07/85  0:00      0.000    2.01   37    1.37   0.271 
   0.000      6   1/18/86 22:00      0.000    1.94   38    1.33   0.251 
   0.000      8  11/24/86  7:00      0.000    1.82   39    1.30   0.231 
   0.000     43   1/14/88 13:00      0.000    1.82   40    1.27   0.211 
   0.000     49  11/05/88 16:00      0.000    1.75   41    1.24   0.191 
    1.51      1   1/09/90 10:00      0.000    1.75   42    1.21   0.171 
   0.000      4   4/05/91  4:00      0.000    1.64   43    1.18   0.151 
   0.000     24   1/27/92 18:00      0.000    1.51   44    1.15   0.131 
   0.000     36   3/23/93  1:00      0.000    1.31   45    1.12   0.111 
   0.000     50   2/17/94 19:00      0.000    1.18   46    1.10   0.091 
   0.000     18   2/19/95 22:00      0.000    1.11   47    1.08   0.071 
   0.640      3   2/09/96  2:00      0.000    1.00   48    1.05   0.051 
   0.000     11   1/02/97 12:00      0.000    0.98   49    1.03   0.031 
   0.000     41  10/30/97  8:00      0.000    0.81   50    1.01   0.011 
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DOWNSTREAM RESERVOIR STAGE MATCHING FOR NON-FLOODING SITUATIONS.   

The automatic sizing iteration routine can be set up to determine the size of the 
uppermost orifice and minimum storage volume of an on-site facility, such that a 
downstream reservoir stage elevation is met.   The following continuation of the example 
problem assumes that the downstream reservoir no longer contains a Type III volume 
sensitive flooding problem and that the designer wants to size the facility such that the 
100-year water level is matched.  The following steps will show how to accomplish this 
using the automated sizing process,   

 

STEP 1. Make a copy of Level3.RDF.  This can be done external to KCRTS using 
standard DOS or Windows procedures for copying files, or if continuing on 
from last example follow these steps. 

 Press a key to clear the graph. 

 Select Edit Facility. 

 Select Save to Level3.rdf. 

 Select Change Filename. 

 Specify a new filename, POND4.RDF. 

 Select Return to Main Menu. 

 

STEP 2. From the KCRTS Main Menu. 

 Select Size a Retention/Detention Facility. 

 Verify Design Technique is Automatic. 

 Specify new pond filename POND4. 

 Select Revise Facility. 

 Select Edit Facility. 

 Select Point of Compliance Setup. 

 Toggle Compliance: to stage.  

 Verify the remainder of the POC setup is the same as specified in Step 
8 of the previous example.  

 Select Return to Facility Edit Menu. 

 

STEP 3. From the Facility Edit Menu. 

 Select Test Hydrograph Parameters. 

 Select Edit Target Peak Discharges. 

 Verify that input is for "Target Stage" rather than discharge.  If not 
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repeat step 2.  

 Set the Primary Design Hydrograph to 1.  This will control the largest 
event of record.   

 Select Target Stage for Hydrograph 1 and enter 6.19 feet.  Taken from 
CD1-EX.PKS as existing downstream condition for largest annual peak 
flow. 

 Select Return to Facility Edit Menu. 

 

STEP 4. From the Facility Edit Menu. 

 Select Iterate and Save to Pond4.rdf. 

 Look for the dialog box with Iteration Complete in the title bar.  

 Save Facility and Overwrite previous facility file.  

 

STEP 5. From the main Size a Facility Menu. 

 Select Route Time Series and Perform Auto-Analysis. 

 Verify downstream performance is as desired. 

 Adjust facility and re-iterate as needed to achieve desired performance. 

 

 

 

 

ANALYZING ON-SITE CLOSED DEPRESSIONS AND OTHER STORAGE FEATURES FOR 

DETERMINING ALLOWABLE RELEASE RATES FOR NEW PROJECTS 

The presence of on-site storage features (e.g., depressions, detention facilities, etc.) must 
be analyzed in assessing the existing discharge conditions from the project site.  Normal 
basin analysis and level-pool routing procedures are used to generate an outflow 
timeseries from the existing site. Existing storage features that contain non-infiltrating 
dead storage (typically storage below the seasonal high groundwater level) should be 
modeled for their live storage only.  KCRTS is not able to model the interaction of 
reservoirs and groundwater so dead storage should be excluded from the reservoir data 
file.  Below are general procedures for assessing the effects of live storage. 

 

 Generate time series files using existing site conditions.  See Section III for 
information on created time series files.  For each natural discharge point (NDP) 
from the site, the following time series files should be created (some areas may be 
zero, skip as appropriate).   

 On-site areas draining directly to NDP. 
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 On-site areas draining to existing reservoir. 

 Off-site areas draining to existing reservoir. 

 Off-site areas draining through site to NDP, but not draining through 
reservoir.  

 Define a one-outlet reservoir for the on-site storage feature.  This will require 
developing a stage-storage-discharge-permeable area table.  Chapter 5 of the 
Surface Water Design Manual contains equations and procedures needed to develop 
this routing data file. 

 Use the Define a 1-Outlet Reservoir routine to input routing table to program. 

 Use the Add Time Series routine, as needed, to generate time series files 
representing total inflows to existing reservoir. 

 Use the Route through a 1-Outlet Reservoir routine to generate the outflow time 
series from the on-site storage feature. 

 Use the Add Time Series routine, as needed, to sum the outflow time series with any 
other time series draining to the NDP but not flowing through the on-site storage 
feature. 

 The resulting time series file represents the existing site discharges from the NDP.   

 Under developed conditions, the discharge from the areas used above (both on-site 
and off-site) will need to meet the discharge characteristics of the NDP time series 
file (peaks, durations, or both depending on applicable flow control standard).   

 


	1_Cover
	Computer Software Reference Manual

	2_Page1
	Version 6.0 – March 2009
	Computer Software Reference Manual
	Department of Natural Resources and Parks


	4_USRGDETC
	3_Intro
	INTRODUCTION
	MINIMUM HARDWARE REQUIREMENTS
	PREREQUISITES
	TRAINING
	DISCLAIMER
	LIMITED SUPPORT
	INSTALLING THE PROGRAM
	PROGRAM EXECUTION
	To run KCRTS, the following files must be available to the program in the directory indicated by the C:\KC_SWDM\KCRTS.DAT file
	STOPPING PROGRAM EXECUTION
	STARTUP PARAMETER SPECIFICATIONS
	 [N!]  EXEC Record (New) Mode: 
	[A!]  EXEC Record (Append) Mode: 
	[E!]  EXEC Run (Execute) Mode:
	[O!] EXEC Output Mode:


	USER INTERFACE
	USE OF TEXT-EDITOR TO CREATE/MODIFY DATA FILES
	Recommended Documentation to Include in the Technical Information Report



	5_USRGDE01
	6_USRGDE02
	Eight-year Data Base of Continuous Flows:

	7_USRGDE03
	8_USRGDE04
	FLOW FREQUENCIES
	FLOW DURATIONS

	9_USRGDE05
	controlling other events:  
	Observations:
	Observations:

	10_USRGDE06
	TIPS FOR ANALYZING FACILITY OUTFLOW DURATION CURVES
	Additional Notes:


	11_USRGDE07
	TIPS FOR ANALYZING FACILITY OUTFLOW DURATION CURVES
	Additional Notes:


	12_USRGDE08
	On-Site Bypass Area Analysis
	Time Series Information for Bypass Area Analysis

	OFF-SITE CLOSED DEPRESSION ANALYSIS
	Time Series Information for Off-Site Closed Depression Analysis
	OPTIONAL ANALYSIS:
	Auto-Analysis Routine
	Downstream Reservoir Stage Matching for Non-Flooding Situations.  
	Analyzing On-Site Closed Depressions and Other Storage Features for Determining Allowable Release Rates for New Projects





