Section 7 - SIZE AN R/D FACILITY [F]

This menu item can be selected with the “F” key while in the
main menu. e e i e

1

The following R/D facility design routines are useful tools for the ot st S €
preliminary sizing of various retention and detention facilities
including: ponds, tanks, vaults, infiltration ponds, infiltration e ¢ BT s 2 T Seier_
tanks, and gravel trench/beds.

eXit KCRTS Progran

Edit facility, Route hydrographs and Time Series

These routines substantially reduce the amount of time required

to perform laborious and tedious calculations and eliminate associated mathematical errors. They allow an
engineer to analyze a variety of situations and can be used to compare design options. It isimportant to understand
that the results only reflect the data read by the program and are no more accurate than the judgment of the
designer/modeler when input information is chosen. The designer/modeler should not blindly rely on these tools
but should use them as supplemental aids to proper analysis and design.

7.1 WHAT THE R/D FACILITY DESIGN PROGRAM CAN DO

The routines within this program can aide the designer in developing preliminary sizing and routing
characteristics for developing the layout of various detention facilities and control structures. In the automatic
sizing mode, the program determines the storage volume required for a single storm event called the primary
design hydrograph (PDH) and the specified maximum allowable (target) release rate for that event. The target
release rate and facility depth sets the size of the upper orifice. The PDH is then iteratively routed through
facilities of varying size until the full storage depth is utilized and the target discharge is met. This yields the
minimum storage volume required to meet the target discharge for the storm specified as the PDH (i.e., 10-year
outflow event). The routine then routes several other storm event hydrographs through the facility and displays the
results. The designer can use these additional hydrographs to iteractively size additional orifices to meet other
performance objectives (i.e., control 2-year discharges). Detailed examples of facility sizing procedures and
strategies are included in the KCRTS User’ s Guide.
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SecTion 7

7.2 FACILITY SIZING

When this menu item is selected from the main menu, the following screen appears.

Retention/Detention Facility
Design Technique Automatic

R/D Facility [EFJENENTD)

Revise R/D Facility
Create a new R/D Facility

The R/D Facility file [.RDF] and optional Doc file [.DOC]

B Design Technique. The user chooses between Automatic and Manual mode.

In Automatic mode, the program designs the smallest facility that will route the Primary Design Hydrograph
through the facility while maintaining the Primary Target Release Rate.

Manual mode is similar to the automatic mode except the user controls all of the facility parameters, including the
bottom area and orifice sizes. This mode is useful for fine-tuning duration matching facilities.

B R/D Facility (filename). The user specifies the name of the file to which the facility design information is to be stored.
KCRTS assumes or will add an RDF extension if one is not given. Facility files may be used in the Route 1 Outlet
routine or time series routing may be done within Size A Facility.

Create a new R/D Facility. Select thisitem to design a new facility. All information will be zeroed, and the user will
begin entering the facility information.

Revise R/D Facility. Select this item to edit an existing facility, enter the existing filename and select. An existing
facility may be edited and saved to a different filename without losing the original facility datafile.
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Size an R/D Faciuity

If Create a new R/D Facility is chosen, the following screen appears.

Retention/Detention Facility
Select the type of Facility

Tank

Vault
Infiltration Pond
Infiltration Tank
Gravel Trench/Bed

No infiltration, Length:Width=2:1, Iterate for length

B Highlight the type of facility to be sized and press Enter.

The following sections describe the different facility types and the user input required for each.

Note: The following selections appear at the bottom of the data input screens for all facility types.

Point of Compliance Setup
Edit Test Hydrograph Parameters
Define Riser Orifices and Notch
Iterate then save to (Filename)

Refer to Section 7.2.7 for a description of these options.
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SecTion 7

7.2.1 Ponp

This type of facility has a trapezoidal cross-section with a rectangular bottom. The default bottom area length-to-
width ratio is 2:1. The side slopes are constant and identical for all sides. The following screen appears when this
facility typeis selected.

e1lntygzFlHD
515! $lope (Herizomtal Cenpeneni) O.000
Length/Width Retie 2.000
Effective Steorage Depih before Overflow CFL) swwewwws
Elewation st 0 3iage ©FL) D.00D

Eiser Head (F1) seesssss
Riser Diameter (In) seesssss

er af Brifices 0
Tap of Riser Flal

PFOIHT of Compliamce Setwp
Edit Test HYDRDGERAPH Parameters
Define ATSER Orifices and Motch

gHb. rd

B Side Sope (Horizontal Component). The side dlope is a ratio of the horizontal component to the vertical component.
The vertical component is set at 1. For example, for a facility with a 3-to-1 side slope, the user would enter 3 for the
horizontal component.

B | ength/Width Ratio. Equal to facility length divided by facility width. The L/W ratio is measured at the bottom of the
live storage. Theratio can be set between 1 and 10. The default ratio is 2.0.

B Bottom Width/Length/Area (Sq Ft). The bottom width/length/area only appears when using the facility design routine
in Manual mode. It is adjusted to control the volume of the pond. KCRTS uses the following rules in handling these
variables.

B Bottom Length and Width specified. Bottom Area not specified. KCRTS saves the length and width specified.
Displays showing L/W ratio or bottom area are calculated based on these values.

B Bottom Length, Width, and Area specified. KCRTS will use the ratio of the length/width and then calculate a
new bottom length and width based on bottom area and L/W ratio. (To specify a 20,000 square foot bottom area at
6:1 L/W ratio, set Length =6, Width=1, and Area=20000.)

B Bottom Length and Area specified. KCRTS calculates the bottom width based on area and length specified. If
resulting L/W ratio isless than 1.0, KCRTS will swap the Length and Width to maintain aratio greater than 1.0.

B Bottom Width and Area specified. KCRTS calculates the bottom length based on area and width specified. If
resulting L/W ratio isless than 1.0, KCRTS will swap the Length and Width to maintain aratio greater than 1.0.

B Bottom Area specified only. KCRTSwill use default 2:1 L/W ratio and cal culates bottom length and width.

B Effective Storage Depth before Overflow (Ft). The effective storage depth is the depth of the active storage in the
facility. It does not include “dead” storage at the bottom of the facility reservoir, nor any depth needed for head on
overflow structures or “freeboard.”

B FElevation at Stage 0.0 (Ft). The elevation at stage 0.0 is the elevation at the bottom of the effective storage depth. It
may be an actual elevation tied to a common datum or it may be zero. Elevation adjustments do not affect the size of the
facility.

B Riser Head (Ft). Theriser head is the height of the riser control structure measured from the 2-year normal flow depth
in the outfall pipe. Typicaly, the designer will equate the 2-year flow depth to the pipe invert for calculation purposes
and then lower the pipe invert by a dimension equivalent to the flow depth during the detailed design stage. Riser
heads greater than the effective storage depth implies the invert of the outfall pipe is lower than the bottom of the
storage reservoir.

A
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Size an R/D Faciuity

B Riser Diameter (In). The riser diameter is the indde diameter of theriser. This sets the overflow capacity of the facility for
cdculation purposes. The routine does not smulate spillway overflows. Riser diameter does not affect the Size of the facility.

Number of Orifices. The number of orifices can vary from 1 to 3. For most designs, 2 orifices are adequate.

B Top of Riser. The user may specify the top of the orifice as Flat or Notched. Refer to Section 5.3.4 of the King County
Surface Water Design Manual for equations used. It is recommended that the Flat option be used for all iterative sizing
and that if the final elevation of the uppermost orifice is unfeasible, to switch the design mode to manual before
replacing the upper orifice with a notched rel ease structure.

A
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SecTion 7

7.2.2 Tank

A tank issimulated in KCRTS as a horizontal cylindrical structure. The following screen appears when this facility
type is selected.

acility:

Tamk Dianeker (FL)

EFfective Slerage Deplh before Querflew (FLY
Elevation al 0 Slage CFL)

. Biser Head C(Ft) J.%00
Eiser Bianobler (Ind
Hunber of Brifices
Top of Biser

PRIHT oF t!ﬂthaktt Selup
Edit Test HYDROGRAPH Parameters
Define RISER Orifices and Hatzh

terate then cawe to TRHE_edf

Tank Diameter (Ft). Thetank diameter is the inside diameter of the tank.

Tank Length (Ft). The tank length only appears when using the facility sizing routine in Manual mode. It is adjusted to
control the volume of the tank.

Effective Storage Depth before Overflow (Ft). The effective storage depth is the depth of the active storage in the
facility. It does not include “dead” storage at the bottom of the facility, nor any depth needed for head on overflow
structures or “freeboard.”

Elevation at Stage 0.0 (Ft). The elevation at stage 0.0 is the elevation at the bottom of the effective storage depth. It
may be an actua elevation tied to a common datum or it may be zero.

Riser Head (Ft). The riser head is the height of the riser control structure measured from the 2-year normal flow depth
in the outfall pipe. Typicaly, the designer will equate the 2-year flow depth to the pipe invert for calculation purposes
and then lower the pipe invert by a dimension equivalent to the flow depth during the detailed design stage. Riser
heads greater than the effective storage depth implies the invert of the outfall pipe is lower than the bottom of the
storage reservoir.

Riser Diameter (In). Theriser diameter isthe inside diameter of theriser. This sets the overflow capacity of the facility
for calculation purposes. The routine does not simulate spillway overflows.

Number of Orifices. The number of orifices can vary from 1 to 3. For most designs, 2 orifices are adequate.

Top of Riser. The user may specify the top of the orifice as Flat or Notched. Refer to Section 5.3 of the King County
Surface Water Design Manual for equations used. It is recommended that the Flat option be used for all iterative sizing
and that if the final elevation of the uppermost orifice is unfeasible, to switch the design mode to manual before
replacing the upper orifice with a notched rel ease structure.
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Size an R/D Faciuity

7.2.3 VauLt

A vault is simulated as a rectangular storage structure. The following screen appears when this type of facility is
selected.

datl HSU FacalatyDWAELT
EfFfective Slerage Deplh before Querflew (FL) swesesws
Elevation al 0 Slage CFLY D000

. Biser Head (FL) ssesewss
Eiser Bianoker (In) ssesssns
Hunber of @rifices 0
Top of Biser Flai

FOIHT of

nw:hatte Selup

Edit Test HYDROGRAPH Parameters

Define RISER Orifices and Hatzh
|

B Bottom Length (Ft), Bottom Width (Ft), Bottom Area (Sq Ft). These parameters only appear when in Manua mode
of Size aFacility, and are used to control the volume of the facility.

B Effective Storage Depth before Overflow (Ft). The effective storage depth is the depth of the active storage in the
facility. It does not include “dead” storage at the bottom of the facility, nor any depth needed for head on overflow
structures or “freeboard.”

B FElevation at Stage 0.0 (Ft). The elevation at stage 0.0 is the elevation at the bottom of the effective storage depth. It
may be an actua elevation tied to a common datum or it may be zero.

B Riser Head (Ft). Theriser head is the height of the riser control structure measured from the 2-year normal flow depth
in the outfall pipe. Typicaly, the designer will equate the 2-year flow depth to the pipe invert for calculation purposes
and then lower the pipe invert by a dimension equivalent to the flow depth during the detailed design stage. Riser
heads greater than the effective storage depth implies the invert of the outfall pipe is lower than the bottom of the
storage reservoir.

B Riser Diameter (In). Theriser diameter isthe inside diameter of theriser. This sets the overflow capacity of the facility
for calculation purposes. The routine does not simulate spillway overflows.

B Number of Orifices. The number of orifices can vary from 1 to 3. For most designs, 2 orifices are adequate.

B Top of Riser. The user may specify the top of the orifice as Flat or Notched. Refer to Section 5.3 of the King County
Surface Water Design Manual for equations used. It is recommended that the Flat option be used for all iterative sizing
and that if the final elevation of the uppermost orifice is unfeasible, to switch the design mode to manual before
replacing the upper orifice with a notched rel ease structure.

A
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SecTion 7

7.2.4 INFILTRATION PonD

The infiltration pond is similar to the Pond described in the previous section. The infiltration pond can facilitate
infiltration of water through the bottom and side walls of the facility. The following screen appears when this
facility typeis selected.

111ty THI H I |
§ide Slope C(Horizemtal Componemt) d_000

Lemgth/UWidth Ratio 2.000
Effective Slerage Deplh before Querflow (FL) sweseaws
Elewsiion ail [ Siage CFtY D.0DD
Wertical PermeabilityfHinsIndy D.000
Botiom Surface : Impernesble
Side SwrFaces I Imperneable

_ Riser Head (Ft) seeseans
Eiser Dianoler (In} ssesesss
Hunber of @irifices 0
Top of Biser Flal

POIHT of € liance Setup
Edit Test HYDROGRAFPH Parameters
Define RISER Orifices and Hatch

terate then sawe to TFOHD. ¢

Side Slope (Horizontal Component). The side slope is a ratio of the horizontal component to the vertical component. The
vertical component is set at 1. For example, for a facility with a 3-to-1 side dope, the user would enter 3 for the horizontal
component.

Bottom Length, Width, and Area (Sq Ft). The bottom length/width/area only appears when using the facility design routine
in Manual mode. They are adjusted to control the volume and Length/Width ratio of the pond. Infiltration Pond routine uses
the same data input protocol as the Pond Routine, see Section 7.2.1.

Effective Storage Depth before Overflow (Ft). The effective storage depth is the depth of the active storage in the facility. It
does not include “dead” storage at the bottom of the facility, nor any depth needed for head on overflow structures or
“freeboard.”

Elevation at Stage 0.0 (Ft). The elevation at stage 0.0 is the elevation at the bottom of the effective storage depth. It may be an
actual elevation tied to acommon datum or it may be zero.

Vertical Infiltration (Min/In): The average vertica infiltration of the reservoir soils in minutes per inch. Vertical infiltration
isthe reciprocal of the design infiltration rate determined per Section 5.4 of the Surface Water Design Manual.

Bottom Surface/Side Surfaces (Permeability). The user specifies which portions of the facility are permeable. The space bar
can be used to toggle between permeable and impermeable.

Riser Head (Ft). The riser head is the height of the riser control structure measured from the 2-year normal flow depth in the outfall
pipe. Typicaly the designer will equate the 2-year flow depth to the pipe invert for caculation purposes and then lower the pipe invert
by a dimension equivaent to the flow depth, during the detailed design stage.  Riser heads greeter than the effective storage depth
impliesthe invert of the outfall pipeislower than the bottom of the storage reservoir.

Riser Diameter (In). The riser diameter is the indde diameter of the riser. This sets the overflow capacity of the facility for
cdculation purposes. The routine does not Smulate spillway overflows.

Number of Orifices. The number of orifices from 1 to 3. For most designs, 2 orifices are adequate. For infiltration facilities, the
bottom orifice may be st above 0.0 or the number of orifices set to zero.

Top of Riser. The user may specify the top of the orifice as Flat or Notched. Refer to Section 5.3 of the King County Surface
Water Design Manual for equations used.

7.2.5 INFILTRATION TANK

The Infiltration Tank is smilar to the Tank described in a previous section. The infiltration tank alows for infiltration
through the bottom half of the tank. The following screen appears when thisfacility type is selected.

A
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Size an R/D Faciuity

BE TRHI
Tank Dianmeter (Ft) awsassss
Treach Width CFL) wwesewwr
Effective Slerage Deplh before Querflow (FL) swesesws
Elevation al 0 Slage CFLY D.00D
Wertical PermeabolityfHainsInd D.000

acility: THI

_ Riser Head (Ft) ssssesss
Eiser Bianoler (In} ssesesss
Humber of Brifices I
Top of Biser Flai

POUIHT of € lzance Setup
Edit Test HYDROERAPH Parameters
Define RISER Orifices and_l_hteh

terate primery hydregraph and save your changes

B Tank Diameter (Ft). Thetank diameter isthe inside diameter of the tank.

B Tank Length (Ft). The tank length only appears when using the facility sizing routine in Manual mode. It is adjusted to
control the volume of the tank.

B Effective Storage Depth before Overflow (Ft). The effective storage depth is the depth of the active storage in the
facility. It does not include “dead” storage at the bottom of the facility, nor any depth needed for head on overflow
structures or “freeboard.”

B FElevation at Stage 0.0 (Ft). The elevation at stage 0.0 is the elevation at the bottom of the effective storage depth. It
may be an actua elevation tied to a common datum or it may be zero.

B Vertical Infiltration (Min/In): The average vertical infiltration of the reservoir soils in minutes per inch. Vertica
infiltration is the reciprocal of the design infiltration rate determined per Section 5.4 of the Surface Water Design
Manual.

B Riser Head (Ft). Theriser head isthe height of the riser control structure measured from the 2-year normd flow depth in the
outfal pipe. Typicdly, the designer will equate the 2-year flow depth to the pipe invert for calculation purposes and then lower
the pipe invert by a dimension equivaent to the flow depth during the detailed design stage. Riser heads greater than the
effective sorage depth impliesthe invert of the outfall pipe islower than the bottom of the storage reservoir.

B Riser Diameter (In). The riser diameter isthe indde diameter of theriser. This sets the overflow capacity of the facility for
cdculation purposes. The routine does not Smulate spillway overflows.

B Number of Orifices. The number of orifices from 1 to 3. For most designs, 2 orifices are adequate. For infiltration facilities,
the bottom orifice may be set above 0.0, or the number of orifices set to zero.

B Top of Riser. The user may specify the top of the orifice as Hat or Notched. Refer to Section 5.3 of the King County
Surface Water Design Manual for equations used. It is recommended that the Flat option be used for al iterative szing and
that if the find eevation of the uppermost orifice is unfeasible, to switch the design mode to manud before replacing the
upper orifice with anotched release structure.

7.2.6 GraveL TrencH/Bebp

A Grave Trench/Bed is rectangular with vertical side walls. Infiltration occurs through the bottom of this type of facility.
The following screen appears when this facility type is selected.

-Edit BSD Facalatgs |  HI
Effective Storage Depth befare Owerflow (Fi) sessssss
Elewation at 0 Stange CFtd 0O.000
Wertical Permeabilitg{MinsInd 0_000

Riser Head (Ft) wassasss
Riser Diameter €In) sxdsssss
Hursher af Brifices 0

Tap of Riser Flat

-E-i]ﬁ'i of Compliamce Selwp

Edit Test HYDADGEAPH Faraneiers
Defane HISER Orifices ll.dllluht
Lhen s L. rd
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SecTion 7

B Bottom Length (Ft), Bottom Width (Ft). These parameters only appear in Manua mode of Size a Facility, and are used to
control the volume of the facility.

B Bottom Area (Sq Ft). The bottom area only appears when using the facility design routinein Manua mode. It is adjusted to
control the volume of the trench. KCRTS maintains a 30 percent void ratio in the gravel trench.

B Effective Storage Depth before Overflow (Ft). The effective storage depth is the depth of the active storage in the
facility. It does not include “dead” storage at the bottom of the facility, nor any depth needed for head on overflow
structures or “freeboard.”

B FElevation at Stage 0.0 (Ft). The elevation at stage 0.0 is the elevation at the bottom of the effective storage depth. It
may be an actua elevation tied to a common datum or it may be zero.

B Vertical Infiltration (Min/In): The average vertical infiltration of the reservoir soils in minutes per inch. Vertica
infiltration is the reciprocal of the design infiltration rate determined per Section 5.4 of the Surface Water Design
Manual.

B Riser Head (Ft). Theriser head isthe height of the riser control structure measured from the 2-year norma flow depth in the
outfal pipe. Typicadly, the designer will equate the 2-year flow depth to the pipe invert for calculation purposes and then lower
the pipe invert by a dimension equivaent to the flow depth during the detailed design stage. Riser heads greater than the
effective sorage depth impliesthe invert of the outfall pipe islower than the bottom of the storage reservoir.

B Riser Diameter (In). The riser diameter is the indde diameter of theriser. This sets the overflow capacity of the facility for
cdculation purposes. The routine does not Smulate spillway overflows.

B Number of Orifices. The number of orificesfrom 1 to 3. For most designs, 2 orifices are adequate. For infiltration facilities,
the bottom orifice may be set above 0.0 or the number of orifices set to zero.

B Top of Riser. The user may specify the top of the orifice as Flat or Notched. Refer to Section 5.3 of the King County
Surface Water Design Manual for equations used. It is recommended that the Flat option be used for all iterative sizing and that
if the final devation of the uppermost orifice is unfeasible, to switch the design mode to manua before replacing the upper
orifice with anotched release structure.

A
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Size an R/D Faciuity

7.2.7 ApbpimioNaL FaciLity INFORMATION

The menu items which appear at the bottom of the facility data input screens and are described in the following
sections:

Point of Compliance Setup - Section 7.2.7.1

Edit Test Hydrograph Parameters - Section 7.2.7.2
Define Riser Orifices and Notch - Section 7.2.7.3
Iterate then save to (Filename) - Section 7.2.7.4

7.2.7.1 Point of Compliance Setup

The Point of Compliance setup includes the specification of all timeseries files to be used in sizing the facility as
well as alowing the designer/modeler to adjust where compliance with the applicable performance standard will be
achieved. Under some circumstances, the “point-of-compliance” is not measured at the outflow from the facility,
but rather at some point downstream of the facility. In Automatic sizing mode, the Iteration routine can be used to
directly size a facility such that a specified downstream condition is achieved. This enhanced iteration feature is
only available in KCRTS Version 4.2x and later. Thisitem can be selected by pressing the P key. When selected,
the following screen appears:

m  Facility Inflow. The user is prompted to enter the filename of the inflow time series to be routed through the facility. A
TSF extension is assumed. This timeseries includes al runoff which under developed condition will flow through the

g At
Facility Tnflew: (O T —
Facility Qutflewm: rdeut
T file for Cenbrol Struciwre Quilet Fipe

CFale generaled by KCBW Backwater Fregrand
Fileneme (xpecifyd

PEE= Faeility Balflow
IF POE=DounSLroem Bukflow ==* input asE]!uhh data below

B A A A A Y T Y Y Y A B B R R
Eomplianes: Discharge
Lag te PEC: D.00N0
Tributary TEF: Cepecifeld
Reserveir File: Cepecifyd
Doumstreas Butflew: deaut

EETURAH te Facility Edit Menw

1le centaaning the B0 Facxlaty inflow data [-T3

facility.

B Facility Outflow. To change the outflow time series filename, highlight the Facility Outflow line. Overwrite the existing
filename with the new filename (filename extensions are handled by KCRTS).

A
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The default setup is to save the outflow time series to filename RDOUT.TSF. The downstream point-of-compliance
is turned off, and no analysis will be performed. The file overwrite notification is turned off, so all previous runs
using the same outflow time series name will be automatically overwritten with the most current facility
performance.

HW/TW file for Control Structure (optional). This option allows the designer to consider tailwater effects of the
downstream drainage system on the discharge capacity of the control structure. By leaving this item blank, the
designer/modeler is assuming that the outlet from the control structure is a free outfall with no tailwater effects. If
designed with a free outfall assumption, afinal design adjustment to the control structure outlet is recommended. The
recommended adjustment is to lower the invert of the control structure outlet pipe by a distance equal to the 2-year
headwater on the outlet pipe, making the actual operating head of the orifices closer to the assumption of free outfall.

POC =. This defines where the point of Compliance [POC] calculations are to be performed. The default point of
compliance is at the facility outflow. POC= Facility Outflow. If designing to a downstream point of compliance
(common downstream POC situations described below), the POC should be toggled to Downstream Ouitflow.

If the project contains developed ar eas which will bypassthe R/D facility:

The POC is defined as the point where bypassed flows and facility ouflows recombine (usually at the project site
boundary), which is downstream of the R/D facility. To verify performance, the bypass time series must be added to
the facility outflow time series prior to assessing compliance with the regulatory standard. The following steps will
set up the auto analysis to assess performance at the POC.

POC= Using the spacebar, toggle to Downstream.

Compliance: Set to Discharge for bypass area analysis to match the predeveloped discharge conditions at the point of
compliance.

Lag to POC: Enter the travel time for the facility outflows to travel to the POC. Travel times, or lags, can be specified
in even increments of the timestep.

Tributary TSF: Enter the filename of the time series file, which includes onsite areas tributary to the POC but not
tributary to the R/D facility. If more than one non-detained tributary area is present, these can be summed by using the
[A] Add 2 Time Seriesroutine, of the Main Menu, before setting up the Auto Analysis.

Reservoir File: Leave blank for bypass area scenario.

Downstream Outflow: Specify a filename for the time series, representing developed flows at the POC. The default
filenameis DSOUT. For this scenario DSOUT will be the sum of RDOUT.TSF and the Tributary bypass TSF.

L2
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If the project dischargesto a downstream volume sensitive flooding problem:

The POC is defined at the outfall of the reservoir file defining the flooding area. To verify performance, the
discharges and storage volumes at different water levels in the POC must be determined and inputted into a Route
1 QOutlet data file (RS1) prior to assessing compliance with the regulatory standard. The following steps will set up
the auto analysis to assess performance at the POC.

POC= Using the spacebar, toggle to Downstream.

Compliance: Set to Sage to match existing stage elevations in the downstream reservoir. Set to Discharge to match
existing surface discharge conditions from the downstream reservoir.

Lag to POC: Enter the travel time for the facility outflows to travel to the POC. Travel times, or lags, can be specified
in even increments of the timestep.

Tributary TSF: Enter the filename of the time series, which is the entire runoff tributary to the POC but not tributary
to the R/D facility. If the facility outflow is the sole source of runoff to the downstream system, leave the line blank. If
more than one off-site or on-site bypass tributary areas are present, these can be summed and lagged by using the [A]
Add 2 Time Series routine, of the Main Menu, before setting up the Auto Analysis.

Reservoir File: Specify the filename of the reservoir file defining the stage-storage-discharge at the POC. This file
must be in the single outlet (RS1) format. See section 3.1 for details on creating a single outlet reservoir file.

Downgtream Outflow: Specify a filename for the time series, representing the developed outflows from the POC
reservoir. The default filename is DSOUT. The reservoir inflow is the sum of RDOUT.TSF and the Tributary TSF. The
reservoir inflow is not saved. For this scenario, DSOUT will be the routed outflow from the downstream reservoir.

L2
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7.2.7.2 Edit Test Inflow Hydrograph Parameters

The Test Inflow Hydrograph List is alist of storm events which can be used in place of the entire time series for
sizing of retention/detention facilities in Automatic mode. In Automatic mode, the iteration routine will update the
list of events to include the annual peak DISCHARGE events at the point of compliance. The designer can use
these event hydrographs to completely size a Level 1 detention facility and to initially size a Level 2 detention
facility. Also, thisis where the user can adjust the length of the test inflow hydrographs by changing the size of the
Event Window. Select this option and the following screen appears:

nt lew/Subtlew Eydrographs
InFlow Time Series: AD_IM
Event Windew: 1

¥ ousimg & |imd 3@Fles

ovent Peaks B
ILE[I[’I' Largel [:n.gk discharges
RETHRH to Faeilily Besign Hewu

argels resel

B [nflow Time Series. The program displays the inflow timeseries file specified by the user in the Point of Compliance
Setup screen. The filename of the inflow timeseries can be changed in either location. A TSF extension is assumed.

B Event Window. Controls the length of the test inflow hydrographs in units of months. For most designs, this can be
left set to 1. The program will automatically increase the event window if the iteration routine determines that the
facility is subject to prefilling before the start of the test hydrograph. By increasing the length of the hydrograph event
window, the storm event(s) causing the prefilling will be included in the test hydrograph(s).

7.2.7.2.1 Set (Reser) DerauLt HyprocrapHs Using InFLow TiME SeriEs

Select this option to extract the event dates from the inflow time series and to specify the Primary Design
Hydrograph (PDH) and target release rates. The program will create a list of annual peak events in ranked
descending order corresponding to the 8 peak annual runoff events found in the inflow time series. WARNING:
Selection of this option resets the entire test hydrograph list including target release rates and primary design
hydrograph number. The test inflow hydrographs are organized based on their relative ranking as follows.

When using Reduced data set: All 8 annual peaks are extracted. The return frequencies of the inflow time
series peaks are displayed on the help bar. CAUTION: These are the return frequencies of the file specified as
the inflow time series. Since the facility must be sized to control the events that create the highest outflows
(annual pesk outflow events), modifications to the hydrograph list may be necessary. Once the initia facility
is sized, it is necessary to route the full time series and to update the event dates based on the actual outflow
time series rather than inflow time series. KCRTS Version 4.0 and later performs this event date verification
automatically during the automatic sizing iteration routine. If KCRTS determines that the event dates
corresponding to the annual peak outflows do not match the event dates in the test inflow hydrograph list,
KCRTS will update the event dates in the list and re-iterate the facility size with the updated Test Hydrograph
List. Thisprocessis repeated until the event date and rank of each hydrograph has been verified, such that the
peak outflows from the hydrographs have the plotting positions shown below.
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Test
Hydrograph
Number

Relative Rank of Hydrographs
(Annual Peak Outflows)

Outflow Time Series
Plotting Position (Return Period)

Sea-Tac/Landsburg

oO~NO O WNPEF

coO~NO O WN PR

100-yr

50
10

5

3

2
13
11

When using Historical data set: Eight annual peaks are extracted based on their gringorten plotting positions
to be closest to common return periods of interest. Below are the plotting positions selected based on a 50-year
historical record. For other lengths of record the rank and return period will vary.

Test
Hydrograph
Number

Inflow Hydrograph Rank and
Assumed Outflow Time Series
Plotting Position (Return Period)

Sea-Tac/Landsburg

coO~NO O WN PR

89.5-yr
321
19.6
9.0

7.6

52

20

13

OCOO~NOOOWN PR

WN =
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The dates of test hydrographs 1 through 8 appear on this screen.

Primary Becign Hwdragraph:

flaw om 1/0%/08 Target Bischarge:
flow om ZF2T703 Targei Discharge:
Flow om 10526504 Targei Discharge:

flaw om 1S1B/06  Targel BDischarge:

Flow om  2A0%/01  Target Bischarge:

Flow om VS2R/DS Targel Bischarge:
flaw om 1/05/02 Target Discharge:
flaw on BS26/04 Digcharge:

o RN Tl - U R e

Hecept present hedrographs

B Primary Design Hydrograph. This appears near the top of the screen. The user must identify the primary design
hydrograph. The primary design hydrograph is the largest event which the facility is being sized to contain. For
example, if the facility is being sized to match the 2-year and the 10-year developed flows with their respective
predeveloped levels, the 10-year outflow event is chosen as the Primary Design Hydrograph. For the reduced record, the
10-year event is the third ranked annual peak, which corresponds to Test Hydrograph 3. Therefore, the PDH number
would be set to 3.

B Target Discharge. The target discharge may be set for any of the design hydrographs identified but it must be set for
the Primary Design Hydrograph. If the facility is being sized to match the 2- and 10-year developed peak flows with
the respective predeveloped peak flows, the Target Discharge for the third event in the list is set at the 10-year
predeveloped peak flow and the Target Discharge for the sixth hydrograph in the list is set at the 2-year predeveloped
peak flow.

Return to Sze Retention/Detention Facility Screen: Select this option to return to the facility data input screen.

7.2.7.2.2 Uppate Event Dates ONLy UsinG A TiME Series

This option allows the user to retain the primary design hydrograph and target release settings of the current list.
The routine only extracts the event dates from the specified time series. To extract event dates from a time series
other than the inflow time series (e.g., outflow time series of current facility), select this option and then at the file
confirmation screen, change the time series filename to the time series desired (i.e., RDOUT.TSF).
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Finding the event dates which create the outflow peak annual flows, and thus the outflow flow frequency curve, is
an iterative process. Changes in storage or orifice configuration affects which events in the continuous record
create the peak annual outflow events. Refer to Section 7.2.7.4.10 for details on the Event Date Notification routine
which notifies the user of changes in the outflow time series affecting the assumed return frequencies of the test
inflow hydrograph list.

Dates Time Series: RDOUT.TSF

Set Dates

|7Dates Definition Time Seri |

ENTER to Set Dates, ESC to cancel

B Dates Time Series: Enter the filename of time series to be used in updating the dates of the test inflow time series.

Set Dates: Select this option to perform update.

7.2.7.2.3 Epim Event DaTes AND TARGET Peak DiscHARGES

Select this option for direct access to the existing test hydrograph list for manual editing.

7.2.7.2.4 Return 1o FAciLiTY Desien Menu

Select this option to return to the facility data input screen.
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7.2.7.3 Define Riser Orifices and Notch

Select this option to specify the outlet orifice configuration and one of the following screens appears.

Urifice Definitions
Orifies #: Enter Heighl CFL) 3000

Irifice 1z Enter 0-Max CEFS) 0420

acility desige menu

This screen appears when sizing a facility in Automatic mode. The user may specify the orifice data for up to three
orifices. The number of orifices is specified in the main Edit Facility screen. A two-orifice design is recommended
for most applications. When in Automatic mode the user is required to specify the orifice release rate for al but the
uppermost orifice. The release rate, Q-max, is the discharge for the orifice under “pond-full” conditions. When in
Manual mode, the user specifies the actual orifice diameter. In most cases, the user is advised to use the Automatic
mode for the first iteration of sizing a facility. Subsequent iterations for refining the facility size can be performed
in Manual mode.

The following rules of thumb apply for the first iteration when sizing a facility with two orifices in Automatic
mode:

B Set the release rate for the lower orifice so that the lower target release rate is 75 percent of full stage discharge at the
lower orifice (i.e., multiply the lower target release rate by 4/3 to calculate the lower orifice Q-max)

B Set the height of the second orifice at 75 percent of the effective storage depth.

Initial Orifice Configuration

H full
v &
hay= 34 H Effective Assumed
Storade 2yr Water level

Denth

q 2yr:374O

Omax
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7.2.7.4 Iterate Then Save To (filename).
Select this option when dl of the facility parameters have been entered. The following screen will appesr.

—Hegin Lieralien:
Sterm Event Window 1

If the starm event melbed does ot werk
the Full peeimd of eoeard will be wsed

; Fograp ales
lse FOLL Perind af Record
Single Step through Pracess

B Use Storm Event Window. This option uses the latest Test Inflow Hydrograph List as a starting point. The event dates
will be verified and updated once the initial PDH iteration occurs. If event dates do not match annual peak events at the
point of compliance, the event dates of the Test Inflow Hydrograph List will be updated and the PDH iteration will be
done using the new event dates. This process will be repeated until the event dates used in the iteration match the
annual peaks at the point of compliance.

B Reset Hydrograph Dates. This option starts with the Test Inflow Hydrographs dates reset to the annual peak INFLOW
events. The iteration procedure isidentical to that described above for Use Storm Event Window.

B UseFull Period of Record. This option should be used if the Storm Event Window iteration option is not converging.
This option ignores the Storm Event Window and performs the facility iteration using the full timeseries file. Each
internal try at a facility size, requires the routine to route the entire timeseries file. This is therefore a much slower
process than using the Storm Event Window.

B Single Step through the Process. This option uses the same PDH iteration routine as described above for the Use
Storm Event Window option. When selected this option will perform the iteration in steps, prompting the user to
continue after each step of the process. Pressing the F10 key displays a dialogue for each step of the PDH iteration
process.

The program will now iterate the Primary Design Hydrograph (PDH), or full period of record, to determine the minimum size facility
that meets the specified target discharge/stage for the PDH. The routine will next route, through the sized facility, the eight test
hydrographs and display a summary table. The user may view the results by pressing the F10 key. The firgt check should be to verify
that the “iteration converged.” This will be displayed on the bottom line of the F10 screen. Note that the calculated outflows are
decreasing in magnitude as you move down the hydrograph summary list. If in ranked order, the assumed ranking vs. flow frequency
plotting positions are the same as indicated in Section 7.2.7.2.1. The following is an example of the screen that gppears when
pressing F-10.
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Press any key to continue.

Revise R/D Facility

Iteration Complet.
|7 Save Facility Parameters |

Edit Facilty without saving these results

Revise R/D Facility. Select this option if the results viewed when hitting the F-10 key indicate the need to modify
the facility data. Important: If the outflow peaks are not ranked from highest to lowest, save the facility, route the
full time series, and update the event dates only of the Test Hydrograph List. If calculated outflows are aligned
properly, make adjustments to the orifice configuration until desired performance is achieved.

Save Facility Parameters. Select this option to save the facility parameters. For Leve 2 or 3 performance standard, this
option is typicaly selected after the first iteration. For Level 1 performance standard this option is typicaly sdected once
find orifice adjustments have been made. After saving the facility, the entire time series should be routed through the
fecility to check outflow performance.
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7.2.8 Retention/Detention FaciLimty Menu

Retention/Detention Facility:RDPOND. rdf:

[E] EDIT Facility

vl UIEW Facility Data

[P]1 ExPAND Facility
Documentation File: Maintain

[D]1 Revieuw DOCUMENTATION File

[H1 Edit Test Inflouw HYDROGRAPH List

[I1 ITERATE Primary Hydrograph

[0l Route Test Inflow Hydrographs (uw/0 List>
[L1 Route Test Inflow Hydrographs C(u/LISTING>

M1 MODIFY Auto-Analysis Setup
[A] Route Time Series & Perform AUTO-ANALYSIS

[T1 Enter the Analysis TOOLS Module
[R] RETURN to Main Menu

Change parameters, hydrographs, and riser configuration

7.2.8.1 EDIT Facility [E]
Select this option to return to the Edit Facility data input screen.

7.2.8.2 VIEW Facility Data [V]
Select this option to view the existing facility data.

7.2.8.3 EXPAND Facility [P]

Select this option to increase the storage volume at a particular stage. The program will increase the volume at this
particular stage by the given percentage and then adjust the facility’s bottom dimensions accordingly by using the
same side slope and stage discharge relationship. The stage height entered must be greater than zero and less than
or equa to the effective storage depth of the facility. The user is presented with the option of overwriting the
facility data or changing the file name.

7.2.8.4 Documentation File

This option allows the user to document the facility specifications and performance in a text file. The
documentation file is saved with the same filename as the facility, but with a DOC filename extension. When
maintained the documentation file records summaries of actions performed by the user. This includes time series
routing and analytical tools when performed within Size a Facility. If the facility is resaved and the previous
facility file overwritten, the documentation file is also overwritten. If the modified facility is saved to a new
filename, the previous documentation file (and facility file) will be retained. Documentation files are stored in
ASCII text files and may be viewed and printed from a text editor. The documentation file is controlled from the
Retention/Detention Facility Menu. The user may toggle between NONE and Maintain using the space bar.
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7.2.8.5 Review DOCUMENTATION File [D]

This option allows the user to view the documentation file for the last saved facility.

7.2.8.6 Edit Test Inflow HYDROGRAPH List [H]

This option alows the user to access the same routines as when the Sdlect Test Inflow Hydrograph option is chosen from
the Edit Facility datainput menu. Refer to Section 7.2.7.1 for more information.

7.2.8.7 ITERATE Primary Hydrograph [I]

This option alows the user access to the same routine described under the Edit Facility data input menu. The Primary
Design Hydrograph will be iterated, the facility re-sized, and the eight test hydrographs routed through the revised facility.
The designer may view the results of the iteration and routing by hitting the F-10 key.

7.2.8.8 Route Test Inflow Hydrographs (w/0 List) [O]

Thetest inflow hydrograph list isa set of storm events extracted from the inflow time series. See Section 7.2.7.1 for details
on setting up the Test Inflow Hydrograph List. This option routes the test inflow hydrographs through the current facility
in memory (does not iterate PDH or resize the facility) and displays results to screen and to the Facility Documentation
file. The output is asummary table including peak flows, stage, and storage for each test hydrograph.

7.2.8.9 Route Test Inflow Hydrographs (w/LISTING) [L]

To execute this option a Documentation File must be currently maintained (see below). This option performs the same
hydrograph routing described above, except that the documentation file output is a complete hydrograph listing of flow,
stage, and storage at each timestep for al test hydrographs.

7.2.8.10 MODIFY Auto-Analysis Setup [M]

This routine alows the user to setup the facility analysis once and then each time the time series is routed al the same
Analysis Tools routines are run and displays are echoed to the screen. This routine is useful to the designer for two
reasons.

1. Facility 9zingisan iterative process, requiring repetitive steps to assess performance and make adjustments.

2. Facility performance cannot be verified solely with the test inflow hydrographs. Performance is verified by analyzing
the full outflow time series againgt the regulatory standard. Routing the time series may identify the need to update
the test inflow hydrograph list to include the storm events (annual peaks) which compose the flow frequency curve of
the OUTFLOW time series.

Note: The storm event dates which compose the inflow flow frequency curve will be different than the storm event
dates comprising the outflow flow frequency curve. The inflow annual peak flow events typically will include more
high intensity short duration events. The outflow annual peak events will typically be events with large runoff
volumes, irrespective of inflow peaks.

When the MODIFY Auto-Analysis Setup option is selected, the following screen appears.
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B Peak Calcs?: Toggle to Calculate Peaks and the program will create a PKS file for the POC outflow time series. The
POC time series is the R/D Facility Outflow or the Downstream Outflow depending how the POC was defined. When
selected, the Edit Peak/Duration/Volume Information screen allows you to set up the viewing and plotting of the peaks
data.

m |f Events Change: With the enhanced iteration routine of KCRTS Version 4.2 and later, this routine should not find
any event date changes if the designer had used the PDH iteration routine in Automatic mode. This routine was
retained so the user could keep the Test Inflow Hydrograph List updated while adjusting the facility in Manual mode.
Toggle to Notify to check the event dates and assumed return frequencies of the eight test inflow hydrographs against
the POC outflow time series. If, for a given return frequency the event dates of the test inflow hydrograph do not
correspond to the event dates of the POC outflow time series, the program notifies the user that the test hydrograph list
needs to be updated and prompts the user whether to update events or continue without updating. If sizing in Automatic
mode, the Primary Design Hydrograph should be re-iterated and the orifice configuration adjusted as needed before
rechecking with the time series routing and Auto-Analysis.

B Duration Calcs?: Toggle to Calculate Durations and the program will create a DUR file for the POC outflow time
series. The POC time series is the R/D Facility Outflow or the Downstream Outflow depending how the POC was
defined. When selected, the Edit Peak/Duration/VVolume Information screen alows you to set up the viewing and
plotting of the duration data.

B Volume Calcs?: Toggle to Calculate Volume and the program will create a PRN file for the POC outflow time series.
The POC time series is the R/D Facility Outflow or the Downstream Outflow depending how the POC was defined.
When selected, the Edit Peak/Duration/Volume Information screen allows you to set up the start and end dates for the
volume calculation. Viewing of the volume summary is automatic.

Edit Peak/Duration/\Volume Information: This option allows the user to control the viewing of the data files to be
created, as well as the plotting of the POC data files. The plotting of data can include up to three additional data
files (e.g., predeveloped target files). This option also controls the start and end date of the volume calculation
option. The following screen appears when this option is selected (if Calculated Peaks, Calculate Durations, and
Calculate Volumes are all used).
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Volume Dates

Information for Dounstream Analysi

Uieu Peaks?: Vieuw

Plot Peaks?: Plot

Plot Type: Discharge

Required Peak File: tsf.PKS
Addnl Peak File: PRE_DEU.PKS
Addnl Peak File: (filenamed
Addnl Peak File: (filenamed

Uieu Durations?: Do Not Uieuw
Plot Durations?: Do Not Plot
Plot Type Discharge
Reqrd Duration File: tsf.DUR
Addnl Duration File:(filename)
Addnl Duration File:(filenamed
Addnl Duration File:(filenamed

lume Dat
Start Date 18/ 1/ 8 0:00
End Date 089/38/ 8 23:59

Continue Editing Auto-Execute Info

Return to Facility Design Menu

Changes Complete for the DounStream Analysis

View Peaks?. Use the space bar to toggle between View and Do Not View.
Plot Peaks?. Use the space bar to toggle between Plot and Do Not Plot.
Plot Type: Use the space bar to toggle between Discharge and Stage.
Additional Peak File: Enter the filenames of up to three additional peak files (PKS) to be viewed or plotted.
View Durations?. Use the space bar to toggle between View and Do Not View.
Plot Durations?: Use the space bar to toggle between Plot and Do Not Plot.
Plot Type: Use the space bar to toggle between Discharge and Stage.

B Start Date: Identify the beginning date to be used in the volume calcul ation.

B End Date: Identify the ending date to be used in the volume calculation.

Continue Editing Auto-Execute Info: Select this option to return to the previous screen.

Return to Facility Design Menu: Select this option when all data have been entered correctly.

Additional Duration File: Enter the filenames of up to three additional duration files (DUR) to be viewed or plotted.
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7.2.8.11 Route Time Series and Perform AUTO-ANALYSIS: [A]

This option initiates the routing of the full inflow time series through the facility currently in memory. In addition
to routing, all of the Auto-Analysis routines that have been setup will execute (from top to bottom as shown in the
setup menu). Summary tables are echoed to the screen and the Facility Documentation file, if maintained.

7.2.8.12 Enter the Analysis TOOLS Module: [T]

Select this option to enter the analysis tools module. See Section 8 for detailed descriptions of Tools routines. This
set of routines are repeated in Size a Facility to alow the designer direct access to the Analysis Tools without
having to re-start the Facility Design routine.
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