
D A

PRELIMINARY TIR

Rio Vista

Vicinity NE 143rd Place and 272nd Place NE

Duvall, WA

Parcel Nos.  782580-0150 thru -0180

April, 2015            REID-004

Land Development Advisors, LLC  12865 SE 47th Place  Bellevue, WA 98006

  (425) 466-5203

Prepared by:

Prepared for:

Rio Vista Investments, LLC

PO Box 1282

Bellevue, WA 98009

20784

4

/

3

0

/

1

5



Rio Vista Preliminary Technical Information Report   April, 2015 

   

LAND DEVELOPMENT ADVISORS, LLC.          i 
 

TABLE OF CONTENTS 
TABLE OF CONTENTS  ....................................................................................................... i 

TIR WORKSHEET  .......................................................................................................... I 

SECTION 1 PROJECT OVERVIEW  .............................................................................. 1 

EXISTING DRAINAGE SYSTEM  .......................................................................................... 1 

PROPOSED DRAINAGE SYSTEM  ....................................................................................... 1 

SECTION 2 CONDITIONS AND REQUIREMENTS SUMMARY  ................................... 2 

CORE REQUIREMENTS  ...................................................................................................... 2 

Core Requirement #1:  Discharge at the Natural Location  ................................................. 2 

Core Requirement #2:  Offsite Analysis  ............................................................................. 2 

Core Requirement #3: Flow Control  ................................................................................... 2 

Core Requirement #4: Conveyance System  ...................................................................... 2 

Core Requirement #5: Erosion and Sediment Control  ........................................................ 2 

Core Requirement #6: Maintenance and Operations  ......................................................... 2 

Core Requirement #7: Financial Guarantees and Liability .................................................. 2 

Core Requirement #8: Water Quality  ................................................................................. 2 

SPECIAL REQUIREMENTS  ................................................................................................. 3 

Special Requirement #1: Other Adopted Area-Specific Requirements  ............................... 3 

Special Requirement #2: Flood Hazard Delineation  ........................................................... 3 

Special Requirement #3: Flood Protection Facilities  .......................................................... 3 

Special Requirement #4: Source Controls  ......................................................................... 3 

Special Requirement #5: Oil Control  .................................................................................. 3 

SECTION 3 OFF-SITE ANALYSIS  ................................................................................ 4 

TASK 1 - STUDY AREA DEFINITION AND MAPS  ............................................................... 4 

TASK 2 - RESOURCE REVIEW  ........................................................................................... 4 

Adopted Basin Plans  .......................................................................................................... 4 

FEMA Maps  ....................................................................................................................... 4 

Other Off-Site Analyses  ..................................................................................................... 5 

Sensitive Areas Folio  ......................................................................................................... 5 

Drainage Complaints and Studies  ...................................................................................... 5 

Road Drainage Problems  .....................................................................................................  

USDA - NRSC Soil Survey Maps  ....................................................................................... 5 

Wetlands Inventory Maps  ................................................................................................... 5 

Migrating River Studies  ...................................................................................................... 5 

Section 303d Listing  ........................................................................................................... 5 

King County Designated Water Quality Problems  .............................................................. 5 

Adopted Stormwater Compliance Plans  ............................................................................. 5 



   

LAND DEVELOPMENT ADVISORS, LLC.  ii 
 

TASK 3 – FIELD INSPECTION  ............................................................................................. 6 

TASK 4 – DRAINAGE SYSTEM DESCRIPTION AND PROBLEM DESCRIPTIONS  ........... 6 

Downstream Drainage System Description  ........................................................................ 6 

Downstream Drainage Problems Requiring Special Attention  ............................................ 6 

Downstream Water Quality Problems Requiring Special Attention  ..................................... 7 

TASK 5 – MITIGATION OF EXISTING OR POTENTIAL PROBLEMS  ................................. 8 

SECTION 4 FLOW CONTROL/WATER QUALITY ANALYSIS AND DESIGN  ............. 18 

SITE HYDROLOGY  .............................................................................................................18 

Part A - Existing Site Hydrology  ........................................................................................18 

Part B - Developed Site Hydrology  ....................................................................................19 

Part C – Performance Standards  ......................................................................................22 

Part D – Flow Control System  ...........................................................................................22 

Part E – Water Quality System  .........................................................................................29 

SECTION 5 - CONVEYANCE SYSTEM ANALYSIS AND DESIGN  ............................. 36 

Pipe Sizing  ........................................................................................................................36 

Dispersion Trenches  .........................................................................................................36 

RECTANGULAR CONTRACTED WEIR  ...................................................................................38 

The Equation  ...................................................................................................................38 

APPENDIX  ...........................................................................................................................39 

Drainage Complaint  ..........................................................................................................40 

Offsite Analysis and Drainage System Table  ....................................................................41 

Photographs  .....................................................................................................................42 

Calculations  ......................................................................................................................53 

PacLand Downstream Analysis  ........................................................................................54 

Associated Earth Sciences, Inc. Reports  ..........................................................................55 

Wetland Resources, Inc. Reports  ......................................................................................56 

 

FIGURES 

Figure 3.0 - Vicinity Map .................................................................................................. 9 
Figure 3.1 – Site and Upstream Basin Map ................................................................... 10 
Figure 3.2 - Downstream Conveyance System ............................................................. 11 
Figure 3.3 - NRCS Soils Map ........................................................................................ 12 

Figure 3.4 – Critical Aquifer Recharge Areas (CARA's) ................................................ 13 

Figure 3.5 – Steep Slopes ............................................................................................. 14 
Figure 3.6 – Wetlands ................................................................................................... 15 
Figure 3.7 – Drainage Complaints ................................................................................. 16 
Figure 3.8 – City Basin Map .......................................................................................... 17 

Figure 4.1 – Basin Areas ............................................................................................... 31 



   

LAND DEVELOPMENT ADVISORS, LLC.  iii 
 

Figure 4.2 – Rainfall Regions and Regional Scale Factors ........................................... 32 
Figure 4.3 – Precipitation for Mean Annual Storm ......................................................... 33 
Table 4.3 – Basin Areas ................................................................................................ 34 



Rio Vista Preliminary Technical Information Report  April, 2015 

   

LAND DEVELOPMENT ADVISORS, LLC.  I 
   

 

TIR WORKSHEET 
 



Jon Nelson
Typewritten Text
Jon Nelson

Jon Nelson
Typewritten Text
Land Development Advisors, LLC

Jon Nelson
Typewritten Text
425 466 5203

Admin
Typewritten Text
Rio Vista Investments, LLC

Admin
Typewritten Text
425-785-9651

Admin
Typewritten Text
PO Box 1282

Admin
Typewritten Text
Bellevue, WA  98009


Admin
Typewritten Text
Rio Vista

Admin
Typewritten Text
26N

Admin
Typewritten Text
6E

Admin
Typewritten Text
24

Admin
Typewritten Text

Admin
Typewritten Text
X

Admin
Typewritten Text

Admin
Oval

Admin
Typewritten Text
April, 2015



Admin
Oval

Admin
Typewritten Text
Wetland enhancement/restoration

Admin
Typewritten Text
N/A

Admin
Typewritten Text
None

Admin
Typewritten Text
Thayer Creek & Coe Clemons

Admin
Typewritten Text
Stream protection flow control, basic water quality

Admin
Typewritten Text
X

Admin
Typewritten Text
Vashon Lodgement Till		    0%-15%

Admin
Typewritten Text
Moderate



Admin
Typewritten Text
Downstream channels and pipes 

Admin
Typewritten Text
X

Admin
Typewritten Text
X

Admin
Typewritten Text
Onsite wetland

Admin
Typewritten Text
All

Admin
Typewritten Text
3

Admin
Oval

Admin
Typewritten Text
This report

Admin
Oval

Admin
Typewritten Text
Vault

Admin
Typewritten Text
To be determined

Admin
Oval

Admin
Oval

Admin
Oval

Admin
Oval



Admin
Oval

Admin
Typewritten Text

Admin
Typewritten Text
Provided with Final plans

Admin
Typewritten Text
X

Admin
Typewritten Text
Vault

Admin
Typewritten Text
X



Admin
Typewritten Text
X

Admin
Typewritten Text
X

Admin
Typewritten Text
X

Admin
Typewritten Text
X



Rio Vista Preliminary Technical Information Report   April, 2015 

   

LAND DEVELOPMENT ADVISORS, LLC.          1 
 

SECTION 1 
PROJECT OVERVIEW 

This section has been prepared in support of a Preliminary Plat application for the subject 
property.  The 12.72 acre site is located in the south end of the City and is part of the 
Snoqualmie River Watershed and Snohomish WRIA No. 7.  See Figure 3.0 – Vicinity Map.  The 
portion of the site lying southerly of NE 143rd Place is within the Thayer Creek Subbasin with the 
remainder in the Coe Clemons Sub-basin.  This report identifies the tributary basin areas 
upstream of the Project site, and evaluates downstream drainage systems.  The intent of this 
section is to demonstrate that the proposed Project will not aggravate existing problems nor 
create new drainage problems. 
 
EXISTING DRAINAGE SYSTEM 
 

There are two separate flow paths for runoff from the project site.  Refer to Figure 3.2 – 
Downstream Conveyance System.  Parcel 0150 flows westerly into an offsite wetland.  Flows 
continue westerly towards a culvert crossing NE 143rd Place that discharges into the storm 
system running westerly in NE 143rd Place.  This flow, together with runoff from NE 143rd, 
continues westerly through a series of ditches, pipes and catchbasins and discharges into 
Thayer Creek near Main Street, approximately 2,000 feet west.  Details of the various 
components can be found in the Offsite Analysis Drainage System Table.  There were no 
existing problems or deficiencies observed.  

The remaining parcels flow into a Class III wetland located in the central portion of the three 
lots.  Flows continue in a northerly direction through various open and closed conveyance 
elements and ultimately discharge into a City detention facility approximately 1,400 feet to the 
north.  Details of the various components can be found in the Offsite Analysis Drainage System 
Table.   

PROPOSED DRAINAGE SYSTEM 

 
The proposed development will provide appropriate storm drainage conveyance, detention and 
water quality components.  All necessary utilities and stormwater facilities will be constructed to 
serve the development.  NE 143rd Place will be improved and an appropriately sized 
conveyance system will be designed and constructed to collect the developed on-site runoff 
from the proposed project.  Runoff from the southeast and northeast basins will drain into a 
detention system on the east side of the central wetland.  The outlet from this vault will split 
flows to the north and west so that existing flows are maintained to each existing flow path.  The 
westerly basin will be captured in a second vault near the northwest corner of the parcel.  Both 
vaults will include basic water quality enhancement by the use of dead storage and Stream 
Protection outlet controls (aka "Level 2 Flow Control"). 
 
The following pages include various exhibits and calculations supporting the design.   
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SECTION 2 
CONDITIONS AND REQUIREMENTS SUMMARY 

 
The City has determined this project is subject to the 2009 King County Surface Water Design 
Manual ("KCSWDM") including Conservation Flow Control ("Level 2") and Basic water quality 
requirements.  Existing runoff will be computed assuming the site is "forested".   
 
CORE REQUIREMENTS 
 
Core Requirement #1:  Discharge at the Natural Location 
Site runoff from the SE portion of the site (tax lot 0150) currently discharges to NE 143rd Place 
and then easterly after flowing through a wetland directly west of the parcel. The remaining 
parcels on the north side of 143rd flow to the north.  Tax lot 0150 will be combined in the 
detention vault for the northeasterly section of the site (tax lot 0160).  The outlet from the vault 
will split flows to the north and west so that existing flows are maintained in each basin.  Please 
refer to Figure 3.1 and the Level I Downstream Analysis in Section 3 for more information about 
the downstream system. 

Core Requirement #2:  Offsite Analysis 
A downstream analysis has been completed for the project. Please refer to Section 3 - Offsite 
Analysis for a complete description.   

Core Requirement #3: Flow Control 
The project site is required to provide Level 2 flow control.   

Core Requirement #4: Conveyance System 
Conveyance system calculations will be provided within Section 5 of this report in the final TIR 
that will accompany the final design to demonstrate the proposed conveyance system will have 
adequate capacity to convey the 25 year storm without overtopping.   

Core Requirement #5: Erosion and Sediment Control 
A Temporary Erosion and Sediment Control plan will be prepared with the final construction 
documents in order to prevent, to the maximum extent possible, the transport of sediment to 
downstream drainage systems, water resources and adjacent properties.  BMP measures 
anticipated include clearing limit delineation, cover measures (straw, plastic, etc.), traffic area 
stabilization (rock construction entrance) and perimeter protection (silt fencing).  

Core Requirement #6: Maintenance and Operations 
Operations and maintenance for the onsite storm system will be provided by the City and they 
will follow their standard procedures. 
 
Core Requirement #7: Financial Guarantees and Liability 
A bond quantity estimate for this project will be provided in Section 9 of this report with the final 
design.  
 
Core Requirement #8: Water Quality 
Basic water quality will be provided in the vaults with "dead" storage.   
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SPECIAL REQUIREMENTS 
 
Special Requirement #1: Other Adopted Area-Specific Requirements 
 
Critical Drainage Areas 
No CDA's are designated on the site. 
 
Master Drainage Plan  
Not applicable. 
 
Basin Plans 
No plans are in effect. 
 
Lake Management Plans 
Not applicable. 
 
Shared Facility Drainage Plans 
Not applicable. 
 
Special Requirement #2: Flood Hazard Delineation 
The project area does not fall within a flood hazard area.  
 
Special Requirement #3: Flood Protection Facilities 
There are currently no flood protection facilities onsite or downstream of the site. Flood 
protection facilities will not need to be implemented as a result of the proposed development. 
 
Special Requirement #4: Source Controls 
Source controls are not required. 
 
Special Requirement #5: Oil Control 
Anticipated site uses are not expected to trigger oil control requirements. 
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SECTION 3 
OFF-SITE ANALYSIS 

 
This section has been prepared in support of a Preliminary Plat application for the subject 
property.  The 12.72 acre site is located in the south end of the City and is part of the 
Snoqualmie River Watershed and Snohomish WRIA No. 7.  See Figure 3.0 – Vicinity Map.  The 
portion of the site lying southerly of NE 143rd Place is within the Thayer Creek Subbasin with the 
remainder in the Coe Clemons Sub-basin.  The report identifies the tributary basin areas 
upstream of the Project site, and evaluates downstream drainage systems.  The intent of this 
section is to demonstrate that the proposed Project will not aggravate existing problems nor 
create new drainage problems. 
 
TASK 1 - STUDY AREA DEFINITION AND MAPS 
 

The area under consideration is shown on Figure 3.1 – Site and Upstream Basin Map and 
Figure 3.2 – Downstream Conveyance System.  The Study Area extends 1 mile downstream 
for resource review tasks and ¼ mile for all other tasks.   

Rio Vista is located on 4 tax parcels (7325800150, -0160, -0170 & -0180) along NE 143rd Place 
lying westerly of 272nd Place NE.  All four parcels are currently used as single family 
residences.  Existing slopes in the developed portion are 0%-10% and between 10% and 20% 
on the undeveloped portion.  Site soils are mapped as Tokul (255) gravelly sandy loam by the 
NRCS Web Soil Service as shown on Figure 3.3.  The geotechnical evaluations completed in 
2008 by Associated Earth Sciences, Inc. found topsoil underlain by Vashon Lodgement till 
which are classified as Hydrologic Group C.  Their reports are attached in the Appendix. 

Upstream Basin Description 

From available topographic information augmented by visual observations of the upstream 
area, runoff from the Glencairn subdivision flows across the southeast corner of parcel  0150 
and into the wetland adjacent to the parcel.  This flow will not affect the property development.  
Half of 272nd Place fronting the property is contributing a minor amount of runoff to the 
property.  All other areas lying up-gradient from the property are captured in drainage 
conveyance elements before entering the site.   
 
Due to the negligible upstream area, this site development will not be affected by the existing 
project or proposed improvements.   
 

TASK 2 - RESOURCE REVIEW  
 

Documents reviewed for existing and/or potential drainage problems, and the findings of each, 
are listed below: 

Adopted Basin Plans 
 
No adopted basin plans exist for the study area. 

FEMA Maps 
 
FEMA maps were consulted and the site was not located within a designated flood plain. 
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Other Off-Site Analyses 
 
The downstream analysis prepared for Duvall 143 by Pacland dated May 24, 2013 was 
reviewed as part of this analysis ("Pacland").   

Sensitive Areas Folio  
 
Duvall sensitive area mapping augmented with IMAP mapping was utilized to determine if 
known sensitive areas are within or near the project boundary. The sensitive area maps from 
the City are included as Figures 3.3 through 3.6.  There are no sensitive areas shown on the 
property; however, the applicant's critical area study (see appendix) indicates there are Class III 
wetlands within the project site.   

Drainage Complaints and Studies 
 
The County was consulted regarding reports of downstream conveyance and capacity issues 
which may have been reported by adjoining or downstream property owners.  Refer to Figure 
3.7 – Drainage Complaints.  All complaints were more than 10 years old and do not require 
further investigation. 

Road Drainage Problems 
 
None known. 

USDA - NRSC Soil Survey Maps 
 
The NRSC Soil Survey Map indicates onsite soils to be of the Tokul series.  Please refer to 
Figure 3.3.  Within KCRTS, the soils will be modeled as till type soils.   

Wetlands Inventory Maps 
 
There are no inventoried wetlands on or near the site.  Refer to Figure 3.6. 

Migrating River Studies 
 
There are no studies on or near the site.   

Section 303d Listing 
 
None. 

King County Designated Water Quality Problems 
 
None. 

Adopted Stormwater Compliance Plans 
 
None. 
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TASK 3 – FIELD INSPECTION 
 
The field inspection was completed May 31, 2013.  Weather conditions were 50 degrees and 
partly cloudy.  Refer to the Appendix for the Offsite Analysis Drainage System Table and 
photographs. 
 
TASK 4 – DRAINAGE SYSTEM DESCRIPTION AND PROBLEM DESCRIPTIONS 
 
Downstream Drainage System Description 
 

There are two separate flow paths for runoff from the project site.  Refer to Figure 3.2 – 
Downstream Conveyance System.  Parcel 0150 flows westerly into an offsite wetland.  Flows 
continue westerly towards a culvert crossing NE 143rd Place that discharges into the storm 
system running westerly in NE 143rd Place.  This flow, together with runoff from NE 143rd, 
continues westerly through a series of ditches, pipes and catchbasins and discharges into 
Thayer Creek near Main Street, approximately 2,000 feet west.  Details of the various 
components can be found in the Offsite Analysis Drainage System Table.  There were no 
existing problems or deficiencies observed.  

The remaining parcels flow into a Class III wetland located in the central portion of the three 
lots.  Flows continue in a northerly direction through various open and closed conveyance 
elements and ultimately discharge into a City detention facility approximately 1,400 feet to the 
north.  Details of the various components can be found in the Offsite Analysis Drainage System 
Table.  Photographs of the several conveyance components can be found in the Appendix. 

Downstream Drainage Problems Requiring Special Attention 
 

Three problem areas are identified for investigation.  The definition of each has been excerpted 
from the 2009 Drainage Manual. 

Type 1 problems are: 

 

Type 2 problems are: 
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Finally, there are 2 elements of Type 3, Severe Flooding Problems: 

 

 

The northerly downstream drainage system may contain Type 1 and Type 3 problems.  The 
potential for Type 1 problems seems most likely in the ditch section at N1.  Potential Type 1 & 3 
problems exist for all road crossings on the northerly flow path.   

Impacts from this project are expected to be negligible when compared to the entire Coe 
Clemons Creek basin.  The City's basin map (see Figure 3.8) was used as a guide to 
approximate tributary areas at the road crossings of NE 144th Place, NE 145th Street and NE 
Miller Street to provide perspective.  The site area is 12.72 acres. 

Location Tributary 
Area 

(Acres) 

Site 
Contribution 

(%) 

Estimated Flow* 
[100 yr/10yr]    

(cfs) 

Estimated Site 
Contribution 
[100yr] (cfs) 

NE 144th Place/NE 
145th Street 

61.5 20.7 20.7/10.5 4.3 

NE Miller Street 210.3 6.1 70.7/36.0 4.3 

*KCRTS calculation, see appendix. 

There are 24" diameter culverts crossing both NE 144th Place and NE 145th Street at 
approximately 5% slope.  Assuming full flow conditions (no blockages or head developed at the 
inlets), they would have a maximum capacity in the neighborhood of 54 cfs; adequate for the 
100 year flows.  However, blockages and/or other obstructions to flow downstream from the 
culverts (such as vegetation and other elements related to lack of maintenance) will affect the 
flow capacity of the culverts to the extent some overtopping of the road may occur. 

Combined capacity at Miller Street is estimated to be 60 cfs (2 18" culverts @ 25.4 cfs each and 
8.6 cfs for the 12").  The capacity is less than the 100 year flow.  In our opinion, the flow 
reduction is due to downstream ditch conditions, generally attributable to lack of maintenance, 
and may reduce the flow capacity by half or more at this location.  This problem exists with or 
without this development.   

Downstream Water Quality Problems Requiring Special Attention 
 

There are no identified downstream water quality problems. 
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TASK 5 – MITIGATION OF EXISTING OR POTENTIAL PROBLEMS 
 
Onsite detention will be provided to a Conservation Flow control standard.  This standard is 
warranted so that downstream capacity problems are not exacerbated.  The City should budget 
and perform ditch maintenance, including vegetation removal and dredging, on a regular basis. 
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Figure 3.0 - Vicinity Map 
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Figure 3.1 – Site and Upstream Basin Map 
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Figure 3.2 - Downstream Conveyance System   
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Figure 3.3 - NRCS Soils Map 
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Figure 3.4 – Critical Aquifer Recharge Areas (CARA's) 
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Figure 3.5 – Steep Slopes 
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Figure 3.6 – Wetlands  
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Figure 3.7 – Drainage Complaints 
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Figure 3.8 – City Basin Map 
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SECTION 4 
FLOW CONTROL/WATER QUALITY ANALYSIS AND DESIGN 

 
The project is subject to the 2009 King County Surface Water Design Manual ("KCSWDM") 
including Conservation Flow Control ("Level 2") and Basic water quality requirements.  Level 2 
flow control includes matching durations from 50% of the 2-year to the 50-year peak. 
Additionally, the 2-year and 10-year developed peak flows must be below the 2-year and 10-
year existing peak flows.  Existing onsite runoff will be computed assuming the site is "forested" 
and till soils (refer to the geotechnical reports in the appendix).  Site is within the Landsburg 
rainfall region with a 0.85 scale factor.  Refer to Figure 4.2 for the map.  
 
SITE HYDROLOGY 
 
Part A - Existing Site Hydrology 
 
The site area used to establish the existing conditions will not include the NGPE areas since 
they will not be modified or directed to the detention system with this project.  If they are 
modified in the future, detention and water quality will need to be provided for that area.   

Offsite areas are modeled as 100% impervious in the existing and developed conditions. 

Table 4.1.  Existing Basin Summaries 
 

Total Basin Area - NE+SE  8.31 Acres (“ac”) 

Total Basin Area - W  2.68 ac 

 
Existing Flow Frequencies 
 
NE ("targne.tsf") + SE ("targse.tsf") Basins 
 
          Flow Frequency Analysis 

  Time Series File:targne.tsf 

  Project Location:Landsburg 

 

  ---Annual Peak Flow Rates---      -----Flow Frequency Analysis------- 

 Flow Rate  Rank  Time of Peak       - - Peaks - -  Rank  Return  Prob 

   (CFS)                                (CFS)             Period 

   0.586      2   2/09/01 15:00         0.841         1  100.00   0.990 

   0.168      8   1/05/02 16:00         0.586         2   25.00   0.960 

   0.410      4   2/28/03 16:00         0.520         3   10.00   0.900 

   0.224      7   8/26/04  1:00         0.410         4    5.00   0.800 

   0.379      5   1/05/05 10:00         0.379         5    3.00   0.667 

   0.306      6   1/18/06 16:00         0.306         6    2.00   0.500 

   0.520      3  11/24/06  5:00         0.224         7    1.30   0.231 

   0.841      1   1/09/08  7:00         0.168         8    1.10   0.091 

Computed Peaks                          0.756             50.00   0.980 
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          Flow Frequency Analysis 

  Time Series File:targse.tsf 

  Project Location:Landsburg 

 

  ---Annual Peak Flow Rates---      -----Flow Frequency Analysis------- 

 Flow Rate  Rank  Time of Peak       - - Peaks - -  Rank  Return  Prob 

   (CFS)                                (CFS)             Period 

   0.169      2   2/09/01 15:00         0.254         1  100.00   0.990 

   0.054      8   1/05/02 16:00         0.169         2   25.00   0.960 

   0.121      4   2/28/03 16:00         0.153         3   10.00   0.900 

   0.083      7   8/26/04  1:00         0.121         4    5.00   0.800 

   0.112      5   1/05/05 10:00         0.112         5    3.00   0.667 

   0.092      6   1/18/06 16:00         0.092         6    2.00   0.500 

   0.153      3  11/24/06  5:00         0.083         7    1.30   0.231 

   0.254      1   1/09/08  7:00         0.054         8    1.10   0.091 

Computed Peaks                          0.225             50.00   0.980 

 
W Basin 
 
          Flow Frequency Analysis 

  Time Series File:targw.tsf 

  Project Location:Landsburg 

 

  ---Annual Peak Flow Rates---      -----Flow Frequency Analysis------- 

 Flow Rate  Rank  Time of Peak       - - Peaks - -  Rank  Return  Prob 

   (CFS)                                (CFS)             Period 

   0.210      2   2/09/01 18:00         0.248         1  100.00   0.990 

   0.034      7   1/05/02 16:00         0.210         2   25.00   0.960 

   0.133      4   2/28/03 16:00         0.171         3   10.00   0.900 

   0.024      8   3/03/04  3:00         0.133         4    5.00   0.800 

   0.122      5   1/05/05 10:00         0.122         5    3.00   0.667 

   0.099      6   1/18/06 21:00         0.099         6    2.00   0.500 

   0.171      3  11/24/06  5:00         0.034         7    1.30   0.231 

   0.248      1   1/09/08  7:00         0.024         8    1.10   0.091 

Computed Peaks                          0.235             50.00   0.980 

 
Part B - Developed Site Hydrology 
 

The vaults will be designed to the extent that the feasibility of the vault together with the 
approximate nature and extent of the detention/water quality system can be identified.  The 
designs will be fine-tuned and construction details added during preparation of construction 
documents.  Developed basin areas and land covers are summarized below.  The on-lot 
impervious surface area is 75% and 50% was used for open space areas.  Pervious areas are 
modeled as grass.  Refer to Figure 4.1 and Table 4.3 – Basin Areas. 
 
A portion of the site will bypass the detention system.  The area bypassed is in the west basin 
and will be 0.15 ac., all impervious.   
 
Section 1.2.3.E (Page 1-47) of the KCSWDM provides guidance to deal with onsite bypass 
areas.  We will address items 1 through 5 from section E below: 

E. MITIGATION OF TARGET SURFACES THAT BYPASS FACILITY 

On some sites, topography may make it difficult or costly to collect all target surface runoff for 
discharge to the onsite flow control facility. Therefore, some project runoff subject to flow control 
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may bypass required onsite flow control facilities provided that all of the following conditions are 
met: 

1. The point of convergence for runoff discharged from the bypassed target surfaces and from 
the project's flow control facility must be within a quarter-mile downstream of the facility's 
project site discharge point, AND 

The flow from the bypassed area does not diverge from the drainage course.  

2. The increase in the existing site conditions 100-year peak discharge from the area of 
bypassed target surfaces must not exceed 0.4 cfs, AND 

The increase in the 100 year developed flow from the bypassed area is 0.1 cfs.  Refer to the 
output in the Appendix under file names "WBYPEX" and "WBYPDEV".  The area was modeled 
as 50% impervious in the existing condition and 100% impervious in the developed condition.  
The existing 100 year flow is 0.056 cfs and the developed flow is 0.069 cfs, an increase of 0.013 
cfs. 

3. Runoff from the bypassed target surfaces must not create a significant adverse impact to 
downstream drainage systems, salmonid habitat, or properties as determined by DDES, AND 

The small size of the area and miniscule runoff will not create an adverse impact.  

4. Water quality requirements applicable to the bypassed target surfaces must be met, AND 

New PGIS in the bypassed area is less than 5,000 square feet; therefore, water quality is not 
required.   

5. Compensatory mitigation by a flow control facility must be provided so that the net effect 
at the point of convergence downstream is the same with or without the bypass. This mitigation 
may be waived if the existing site conditions 100-year peak discharge from the area of 
bypassed target surfaces is increased by no more than 0.1 cfs and flow control BMPs as 
detailed in Appendix C are applied to all impervious surfaces within the area of bypassed target 
surfaces. One or combination of the following methods may be used to provide compensatory 
mitigation by a flow control facility subject to permission/approvals from other parties as deemed 
necessary by DDES: 

a) Design the project's flow control facility or retrofit an existing offsite flow control facility as 
needed to achieve the desired effect at the point of convergence, OR  

b) Design the project's flow control facility or provide/retrofit an offsite flow control facility to 
mitigate an existing developed area (either onsite or offsite) that has runoff characteristics (i.e., 
peak flow and volume) equivalent to those of the bypassed target surfaces but is currently not 
mitigated or required to be mitigated to the same flow control performance requirement as the 
bypassed target surfaces. 

The detention facility for the NE basin will compensate for the bypassed area.   

Table 4.2.  Developed/Detained Basin Summaries 
 

NE+SE Basin 8.31 Acres("ac") 

 Impervious Area 6.59 ac 

 Pervious Area 1.72 ac 
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 Bypassed Impervious Area 0.15 ac 

W Basin  2.68 ac 

 Impervious Area  2.08 ac 

 Pervious Area 0.60 ac 

Developed Basin Flow Frequencies 

 
NE ("devne.tsf") + SE ("devse.tsf") Basins 
 
         Flow Frequency Analysis 

  Time Series File:devne.tsf 

  Project Location:Landsburg 

 

  ---Annual Peak Flow Rates---      -----Flow Frequency Analysis------- 

 Flow Rate  Rank  Time of Peak       - - Peaks - -  Rank  Return  Prob 

   (CFS)                                (CFS)             Period 

    1.61      7   2/09/01  2:00          2.81         1  100.00   0.990 

    1.06      8  12/03/01 17:00          2.03         2   25.00   0.960 

    1.85      4   9/10/03 15:00          1.99         3   10.00   0.900 

    2.03      2   8/26/04  1:00          1.85         4    5.00   0.800 

    1.69      6  10/28/04 18:00          1.76         5    3.00   0.667 

    1.76      5  10/22/05 17:00          1.69         6    2.00   0.500 

    1.99      3  10/26/06  3:00          1.61         7    1.30   0.231 

    2.81      1   1/09/08  7:00          1.06         8    1.10   0.091 

Computed Peaks                           2.55             50.00   0.980 

 

          Flow Frequency Analysis 

  Time Series File:devse.tsf 

  Project Location:Landsburg 

 

  ---Annual Peak Flow Rates---      -----Flow Frequency Analysis------- 

 Flow Rate  Rank  Time of Peak       - - Peaks - -  Rank  Return  Prob 

   (CFS)                                (CFS)             Period 

   0.399      7   2/09/01  2:00         0.702         1  100.00   0.990 

   0.258      8  12/03/01 17:00         0.496         2   25.00   0.960 

   0.450      4   9/10/03 15:00         0.486         3   10.00   0.900 

   0.496      2   8/26/04  1:00         0.450         4    5.00   0.800 

   0.412      6  10/28/04 18:00         0.429         5    3.00   0.667 

   0.429      5  10/22/05 17:00         0.412         6    2.00   0.500 

   0.486      3  10/26/06  3:00         0.399         7    1.30   0.231 

   0.702      1   1/09/08  7:00         0.258         8    1.10   0.091 

Computed Peaks                          0.633             50.00   0.980 

 

West Basin 
 
          Flow Frequency Analysis 

  Time Series File:w dev.tsf 

  Project Location:Landsburg 

 

  ---Annual Peak Flow Rates---      -----Flow Frequency Analysis------- 

 Flow Rate  Rank  Time of Peak       - - Peaks - -  Rank  Return  Prob 

   (CFS)                                (CFS)             Period 

   0.756      7   2/09/01  2:00          1.32         1  100.00   0.990 

   0.491      8  12/03/01 17:00         0.943         2   25.00   0.960 

   0.858      4   9/10/03 15:00         0.924         3   10.00   0.900 

   0.943      2   8/26/04  1:00         0.858         4    5.00   0.800 

   0.784      6  10/28/04 18:00         0.816         5    3.00   0.667 

   0.816      5  10/22/05 17:00         0.784         6    2.00   0.500 

   0.924      3  10/26/06  3:00         0.756         7    1.30   0.231 
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    1.32      1   1/09/08  7:00         0.491         8    1.10   0.091 

Computed Peaks                           1.20             50.00   0.980 

 
Part C – Performance Standards 
 
The 2009 King County Surface Water Design Manual (KCSWDM) applies to this project as the 
regulatory guide for the analysis and subsequent design of storm water drainage systems (i.e. 
detention facilities, pipe networks, etc.).  The detention facility has been modeled using the King 
County Runoff Time Series (KCRTS) method, using the Landsburg rainfall station data with a 
0.85 scale factor.  Please see the full KCRTS printouts in the Appendix. 
 
The flow control applied to the site includes matching durations from 50% of the 2-year to the 
50-year peak. Additionally, the 2-year and 10-year developed peak flows must be below the 2-
year and 10-year existing peak flows.  
 
Basic water quality requirements are required for this project.  Water quality treatment will be 
achieved by the use of dead storage in the vaults. 
 
Part D – Flow Control System 

Detention Vault Design Calculations 

NE+SE Basins 
 
One vault will be used with two outlets, one discharging to the edge of the buffer in the 
northeast basin and one discharging to the storm system along NE 143rd Place in the southeast 
basin.  In designing the stormwater vault, target duration curves were developed for each 
discharge location and were matched under developed conditions. Both basins have offsite 
tributary areas of impervious that will be collected and conveyed to the stormwater vault under 
developed conditions. Drainage from these offsite non-project areas were treated as “flow-
through” in the vault design. This was accomplished by modeling runoff from these tributary 
areas as impervious in both the target and developed time series. In addition, the southeast 
basin includes 0.15 acre of impervious in the vault design. 
 
The configuration of the outlet structure for each discharge location was done by trial-and-error. 
The vault was modeled as a two-outlet reservoir in KCRTS with the vault volume and control 
structures orifice being adjusted until the flow duration curves at each outlet matched the target 
durations. 
 
The detention portion of the combined stormwater facility is required to have a storage volume 
of 119,680 cubic feet ("cf").  The actual volume is 120,064 cf based on a footprint of 15,006 sf 
and a maximum depth of 8'.  Detailed calculations are provided in the Appendix.  Vault details 
will be included in the final plans.   
 
Dimensions: 

Bot Area 14960 SF Revised to 15,008 SF 

Length 170 FT Revised to 268' 

Width 88 FT Revised to 56' 

Depth 8 FT 
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Outlet Structures: 

NE Outlet Structure 
  

Orifice Dia. Height Area 

 
(IN) (FT) (SF) 

O1 1.69 - 0.015577596 

O2 0.88 4.40 0.004223693 

O3 1.70 4.80 0.015762491 

Riser 18.00 8.00 
 

SE Outlet Structure 

Orifice Dia. Height Area 

 
(IN) (FT) (SF) 

O1 0.87 - 0.004128 

O2 1.50 5.80 0.012272 

O3 - - 0 

Riser 12.00 8.00 
  

          Flow Frequency Analysis 

  Time Series File:outne.tsf 

  Project Location:Landsburg 

 

  ---Annual Peak Flow Rates---      -----Flow Frequency Analysis------- 

 Flow Rate  Rank  Time of Peak       - - Peaks - -  Rank  Return  Prob 

   (CFS)                             (CFS)    (ft)        Period 

   0.380      3   2/09/01 20:00       2.18    8.05    1  100.00   0.990 

   0.113      8  11/05/01  3:00      0.381    7.56    2   25.00   0.960 

   0.236      5   3/01/03  7:00      0.380    7.56    3   10.00   0.900 10 YR 

DEVELOPED OK 
   0.136      7   8/26/04  6:00      0.259    5.36    4    5.00   0.800 

   0.259      4   1/08/05  6:00      0.236    5.11    5    3.00   0.667 

   0.152      6   1/19/06  1:00      0.152    3.85    6    2.00   0.500 2 YR DEVELOPED 

OK 
   0.381      2  11/24/06  8:00      0.136    3.09    7    1.30   0.231 

    2.18      1   1/09/08  8:00      0.113    2.10    8    1.10   0.091 

Computed Peaks                        1.58    8.04        50.00   0.980 
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          Flow Frequency Analysis 

  Time Series File:outse.tsf 

  Project Location:Landsburg 

 

  ---Annual Peak Flow Rates---      -----Flow Frequency Analysis------- 

 Flow Rate  Rank  Time of Peak       - - Peaks - -  Rank  Return  Prob 

   (CFS)                             (CFS)    (ft)        Period 

   0.138      3   2/09/01 20:00       1.34    8.05    1  100.00   0.990 

   0.030      8  11/05/01  3:00      0.138    7.57    2   25.00   0.960 

   0.047      5   3/01/03  7:00      0.138    7.56    3   10.00   0.900 10 YR 

DEVELOPED OK 
   0.036      7   8/26/04  6:00      0.048    5.36    4    5.00   0.800 

   0.048      4   1/08/05  6:00      0.047    5.11    5    3.00   0.667 

   0.040      6   1/19/06  1:00      0.040    3.85    6    2.00   0.500 2 YR DEVELOPED 

OK 
   0.138      2  11/24/06  8:00      0.036    3.09    7    1.30   0.231 

    1.34      1   1/09/08  8:00      0.030    2.10    8    1.10   0.091 

Computed Peaks                       0.942    8.04        50.00   0.980 

 

NE Discharge – at Facility Outlet 
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SE Discharge – at Downstream Point-of-Compliance 
 

 
 
W Basin 
 
The detention portion of the combined stormwater facility is required to have a storage volume 
of 42,720 cf.  The actual volume is 43,520 cf based on a footprint of 10,880 sf and a maximum 
depth of 4'.  Detailed calculations are provided in the Appendix.  Vault details will be included in 
the final plans.   
 
The vault was modeled as summarized below: 
 
Retention/Detention Facility 

 

         Type of Facility: Detention Vault 

         Facility Length:      120.00  ft  Revised to 116'  

          Facility Width:       89.00  ft  Revised to 80' & added 40'x40' area to achieve 

required surface area 
           Facility Area:    10680.    sq. ft 

 Effective Storage Depth:        4.00  ft 

       Stage 0 Elevation:        0.00  ft 

          Storage Volume:    42720.    cu. ft 

              Riser Head:        4.00  ft 

          Riser Diameter:       12.00  inches 

      Number of orifices:        2 

                                     Full Head    Pipe 

    Orifice #      Height  Diameter  Discharge  Diameter 

                    (ft)     (in)      (CFS)      (in) 

       1            0.00      1.07        0.062 

       2            2.20      1.40        0.071    4.0 

          Top Notch Weir: None 

    Outflow Rating Curve: None 
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          Flow Frequency Analysis 

  Time Series File:rdout.tsf 

  Project Location:Landsburg 

 

  ---Annual Peak Flow Rates---      -----Flow Frequency Analysis------- 

 Flow Rate  Rank  Time of Peak       - - Peaks - -  Rank  Return  Prob 

   (CFS)                             (CFS)    (ft)        Period 

   0.132      3   2/09/01 21:00      0.825    4.17    1  100.00   0.990 

   0.033      8   1/06/02 22:00      0.214    4.03    2   25.00   0.960 

   0.088      5   3/06/03 23:00      0.132    3.94    3   10.00   0.900 10 YR DEVELOPED 
OK  
   0.039      7   8/26/04  7:00      0.089    2.72    4    5.00   0.800 

   0.089      4   1/08/05  6:00      0.088    2.70    5    3.00   0.667 

   0.053      6  10/28/05  2:00      0.053    2.26    6    2.00   0.500 2 YR DEVELOPED 
OK  
   0.214      2  11/24/06  8:00      0.039    1.64    7    1.30   0.231 

   0.825      1   1/09/08  9:00      0.033    1.14    8    1.10   0.091 

Computed Peaks                       0.622    4.13        50.00   0.980 

Duration Performance 

The following tables compare the duration of outflow from the proposed detention facility to the 
existing flow duration.  The following conditions must be met:   

 First cutoff must have a percentage 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 on-half of the cutoffs must have zero or negative percent change. 

 The maximum positive excursion must be less than positive 10.0 percent.  
 
NE Discharge Location - Duration Comparison Analysis 
   Base File: targne.tsf 

    New File: outne.tsf 

Cutoff Units: Discharge in CFS 

 

            -----Fraction of Time----- ---------Check of Tolerance------- 

  Cutoff    Base      New      %Change Probability   Base     New %Change 

   0.153 |  0.86E-02  0.79E-02   -8.5 |  0.86E-02   0.153   0.151    -1.6 

   0.186 |  0.57E-02  0.33E-02  -41.5 |  0.57E-02   0.186   0.160   -14.0 

   0.220 |  0.37E-02  0.24E-02  -34.8 |  0.37E-02   0.220   0.180   -17.9 

   0.253 |  0.23E-02  0.17E-02  -24.1 |  0.23E-02   0.253   0.223   -11.7 

   0.286 |  0.15E-02  0.13E-02  -15.8 |  0.15E-02   0.286   0.264    -7.8 

   0.320 |  0.11E-02  0.91E-03  -13.8 |  0.11E-02   0.320   0.309    -3.3 

   0.353 |  0.83E-03  0.41E-03  -51.0 |  0.83E-03   0.353   0.324    -8.1 

   0.386 |  0.62E-03  0.00E+00 -100.0 |  0.62E-03   0.386   0.335   -13.2 

   0.419 |  0.44E-03  0.00E+00 -100.0 |  0.44E-03   0.419   0.350   -16.5 

   0.453 |  0.31E-03  0.00E+00 -100.0 |  0.31E-03   0.453   0.362   -20.1 

   0.486 |  0.16E-03  0.00E+00 -100.0 |  0.16E-03   0.486   0.374   -23.1 

   0.519 |  0.98E-04  0.00E+00 -100.0 |  0.98E-04   0.519   0.377   -27.4 

   0.553 |  0.49E-04  0.00E+00 -100.0 |  0.49E-04   0.553   0.379   -31.4 

 

There is no positive excursion 

 

Maximum negative excursion = 0.205 cfs (-35.0%) 

occurring at 0.585 cfs on the Base Data:targne.tsf 

and at 0.380 cfs on the  New Data:outne.tsf 
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SE Discharge Location - Duration Comparison Analysis 
   Base File: targse.tsf 

    New File: outseby.tsf 

Cutoff Units: Discharge in CFS 

 

            -----Fraction of Time----- ---------Check of Tolerance------- 

  Cutoff    Base      New      %Change Probability   Base     New %Change 

   0.046 |  0.80E-02  0.78E-02   -2.4 |  0.80E-02   0.046   0.045    -0.8 

   0.055 |  0.53E-02  0.27E-02  -50.0 |  0.53E-02   0.055   0.049   -12.0 

   0.065 |  0.35E-02  0.16E-02  -54.9 |  0.35E-02   0.065   0.052   -19.0 

   0.074 |  0.23E-02  0.13E-02  -41.7 |  0.23E-02   0.074   0.058   -22.5 

   0.084 |  0.14E-02  0.12E-02  -15.5 |  0.14E-02   0.084   0.071   -15.2 

   0.093 |  0.98E-03  0.10E-02    5.0 |  0.98E-03   0.093   0.097     4.4 

   0.103 |  0.78E-03  0.86E-03   10.4 |  0.78E-03   0.103   0.107     4.0 

   0.112 |  0.54E-03  0.68E-03   27.3 |  0.54E-03   0.112   0.119     6.1 

   0.122 |  0.41E-03  0.49E-03   20.0 |  0.41E-03   0.122   0.127     4.1 

   0.131 |  0.28E-03  0.34E-03   23.5 |  0.28E-03   0.131   0.135     2.9 

   0.140 |  0.20E-03  0.20E-03    0.0 |  0.20E-03   0.140   0.141     0.6 

   0.150 |  0.98E-04  0.82E-04  -16.7 |  0.98E-04   0.150   0.146    -2.4 

   0.159 |  0.49E-04  0.00E+00 -100.0 |  0.49E-04   0.159   0.153    -4.1 

   0.169 |  0.16E-04  0.00E+00 -100.0 |  0.16E-04   0.169   0.158    -6.1 

 

Maximum positive excursion = 0.007 cfs (  6.3%) 

occurring at 0.112 cfs on the Base Data:targse.tsf 

and at 0.119 cfs on the  New Data:outseby.tsf 

 

Maximum negative excursion = 0.017 cfs (-23.2%) 

occurring at 0.073 cfs on the Base Data:targse.tsf 

and at 0.056 cfs on the  New Data:outseby.tsf 

 
West Basin - Duration Comparison Analysis 
 
Duration Comparison Analysis 

   Base File: targw.tsf 

    New File: rdout.tsf 

Cutoff Units: Discharge in CFS 

 

            -----Fraction of Time----- ---------Check of Tolerance------- 

  Cutoff    Base      New      %Change Probability   Base     New %Change 

   0.050 |  0.10E-01  0.78E-02  -22.0 |  0.10E-01   0.050   0.045    -9.1 

   0.062 |  0.68E-02  0.66E-02   -2.9 |  0.68E-02   0.062   0.060    -3.1 

   0.074 |  0.46E-02  0.48E-02    3.5 |  0.46E-02   0.074   0.075     1.2 

   0.087 |  0.30E-02  0.25E-02  -17.3 |  0.30E-02   0.087   0.082    -5.3 

   0.099 |  0.20E-02  0.19E-02   -5.7 |  0.20E-02   0.099   0.097    -1.9 

   0.111 |  0.15E-02  0.13E-02  -13.2 |  0.15E-02   0.111   0.107    -3.4 

   0.124 |  0.10E-02  0.54E-03  -47.6 |  0.10E-02   0.124   0.117    -5.0 

   0.136 |  0.75E-03  0.49E-04  -93.5 |  0.75E-03   0.136   0.121   -10.7 

   0.148 |  0.57E-03  0.49E-04  -91.4 |  0.57E-03   0.148   0.123   -16.8 

   0.160 |  0.33E-03  0.33E-04  -90.0 |  0.33E-03   0.160   0.128   -20.3 

   0.173 |  0.20E-03  0.33E-04  -83.3 |  0.20E-03   0.173   0.130   -24.4 

   0.185 |  0.15E-03  0.16E-04  -88.9 |  0.15E-03   0.185   0.131   -29.0 

   0.197 |  0.98E-04  0.16E-04  -83.3 |  0.98E-04   0.197   0.132   -33.3 

   0.209 |  0.16E-04  0.16E-04    0.0 |  0.16E-04   0.209   0.214     2.4 

 

Maximum positive excursion = 0.008 cfs (  4.1%) 

occurring at 0.206 cfs on the Base Data:targw.tsf 

and at 0.214 cfs on the  New Data:rdout.tsf 

 

Maximum negative excursion = 0.069 cfs (-34.4%) 

occurring at 0.202 cfs on the Base Data:targw.tsf 

and at 0.132 cfs on the  New Data:rdout.tsf 
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---------------------------------- 

Route Time Series through Facility 

  Inflow Time Series File:devw.tsf 

 Outflow Time Series File:rdout 

 

Performance Graph 

The following figure is a graph of probability vs. discharge at the point of compliance. The graph 
shows that the outflow duration curve is within 10% of the target duration (corresponding to 50% 
of the existing 2-year flow rate). A correction factor was not implemented in the design of the 
facility. 
 
NE+SE Basins 
 
NE Discharge – at Facility Outlet 
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SE Discharge – at Downstream Point-of-Compliance 
 

 
 
W Basin 
 

 
 
Part E – Water Quality System 
 
Basic water quality criteria are applicable to this project.  The site will provide dead storage 
within the vaults.   
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Wetpool Volumes 

The KCSWDM specifies that the following equation be used when sizing wet facilities.  A 
summary of the water quality facility sizing calculation is provided below.  
 
The wetpond volume (Vb) is calculated from the volume of runoff (Vr) from the mean annual 
storm and multiplying it by a volume factor (f) of 3.0. 
 
NE+SE Basins 
 
Vr = (0.9Ai +0.25Atg +0.10Atf + 0.01Ao)* R/12 

Where Vr = volume of runoff from mean annual storm (cf) 

Ai = area of impervious surface [(1.28+5.31)*43,560=287,060 sf] 

Atg = area of till soil covered with grass [(0.4+1.32)*43,560=74,923 sf] 

Atf area of till soil covered with forest (0) 

Ao = area of outwash soil covered with grass or forest (0) 

R = rainfall from mean annual storm (0.50") [Figure 6.4.1.A] 
 
Vr = (0.9(287,060)+0.25(74,923))*0.50/12 = 11,545 cubic feet ("cf") 
 
Vb = Vr * f = 11,545 *3 = 34,635 cf 
 
Required Water Quality Volume = 34,635 cf.  Volume provided will be 4' minimum depth over 
the floor area of 15,008 sf or 60,032 cf.   
 
W Basin 
 
Vr = (0.9Ai +0.25Atg +0.10Atf + 0.01Ao)* R/12 

Where Vr = volume of runoff from mean annual storm (cf) 

Ai = area of impervious surface (2.08*43,560=90,605 sf) 

Atg = area of till soil covered with grass (0.60*43,560=26,136 sf) 

Atf area of till soil covered with forest (0) 

Ao = area of outwash soil covered with grass or forest (0) 

R = rainfall from mean annual storm (0.50") [Figure 6.4.1.A] 
 
Vr = (0.9(90,605)+0.25(26,136))*0.50/12 = 3,670 cubic feet ("cf") 
 
Vb = Vr * f = 3,670 *3 = 11,010 cf 
 
Required Water Quality Volume = 11,010 cf, Volume provided will be 4' minimum over the 
116'x80' portion of the vault.  Minimum volume would be 37,120 cf  
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Figure 4.1 – Basin Areas 
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Figure 4.2 – Rainfall Regions and Regional Scale Factors 

 
  



Admin
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Figure 4.3 – Precipitation for Mean Annual Storm 
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SECTION 5 - CONVEYANCE SYSTEM ANALYSIS AND DESIGN 
 
Pipe Sizing 
 
For development projects, new conveyance systems shall be designed with sufficient capacity 
to convey and contain the 25-year peak flow.  Pipe systems may overtop for the 100-year peak 
provided there is no creation or aggravation of a "severe flooding problem" or "severe erosion 
problem".  There are no such areas within or ¼ mile downstream of the property.   
 
The analysis will be completed with the final construction plans using the Storm Sewers 
computer model included with AutoCAD 2013.  This model calculates 25 year flows in 
accordance with the Rational Method.  The model will assume a C value of 0.9 for impervious 
areas and 0.25 for landscaped areas.  All onsite areas will be assigned a weighted C value of 
0.5.  This value was calculated from Table 4.1 using the NE+SE Basin, 
([6.59*0.9+1.72*0.25]/8.31=0.77)  Additionally, a Tc of 6.3 minutes was used and pipe travel 
times were suppressed to generate a conservative analysis.  The offsite areas contributory to 
the site were assigned C values of 0.9.   
 
The conveyance modeling will demonstrate the system is capable of meeting the designated 
conveyance criteria.   
 
Dispersion Trenches 
 
The outlet from the NE and West basins will be to a dispersion facility.  The purpose will be to 
spread flows in a linear fashion to mimic existing conditions.  Maximum flow depths should be 
limited to 3" during a 100 year overflow event as calculated by KCRTS using 15 min time steps.  
Design was obtained from http://irrigation.wsu.edu/Content/Calculators/Water-
Measurements/Rectangular-Contracted-Weir.php. 
 
NE Basin 
 
          Flow Frequency Analysis 

  Time Series File:devne15.tsf 

  Project Location:Landsburg 

 

  ---Annual Peak Flow Rates---      -----Flow Frequency Analysis------- 

 Flow Rate  Rank  Time of Peak       - - Peaks - -  Rank  Return  Prob 

   (CFS)                                (CFS)             Period 

    2.52      7  10/04/00 20:15          7.52         1  100.00   0.990 

    2.49      8   5/06/02  7:15          5.21         2   25.00   0.960 

    5.21      2   9/10/03 13:45          5.16         3   10.00   0.900 

    4.63      4   8/25/04 23:30          4.63         4    5.00   0.800 

    3.35      6   9/10/05 16:45          3.46         5    3.00   0.667 

    5.16      3  10/22/05 16:15          3.35         6    2.00   0.500 

    3.46      5  11/21/06  8:00          2.52         7    1.30   0.231 

    7.52      1   1/09/08  7:30          2.49         8    1.10   0.091 

Computed Peaks                           6.75             50.00   0.980 

 
  

http://irrigation.wsu.edu/Content/Calculators/Water-Measurements/Rectangular-Contracted-Weir.php
http://irrigation.wsu.edu/Content/Calculators/Water-Measurements/Rectangular-Contracted-Weir.php
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West Basin 
 
          Flow Frequency Analysis 

  Time Series File:devw15.tsf 

  Project Location:Landsburg 

 

  ---Annual Peak Flow Rates---      -----Flow Frequency Analysis------- 

 Flow Rate  Rank  Time of Peak       - - Peaks - -  Rank  Return  Prob 

   (CFS)                                (CFS)             Period 

   0.958      7  10/04/00 20:15          2.65         1  100.00   0.990 

   0.944      8   5/06/02  7:15          1.98         2   25.00   0.960 

    1.98      2   9/10/03 13:45          1.87         3   10.00   0.900 

    1.58      4   8/25/04 23:30          1.58         4    5.00   0.800 

    1.24      5   9/10/05 16:45          1.24         5    3.00   0.667 

    1.87      3  10/22/05 16:15          1.24         6    2.00   0.500 

    1.24      6  11/21/06  8:00         0.958         7    1.30   0.231 

    2.65      1   1/09/08  7:30         0.944         8    1.10   0.091 

Computed Peaks                           2.43             50.00   0.980 

 
A 50' section will be used. 
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Rectangular Contracted Weir 
  

 

Length: 

 

Height: 

 

Flow Rate: 

 

The Equation 
The Equation used to determine the flow rate of a Rectangular Contracted Weir is:  

 

Where:  

= Flow Rate in cfs.  

= Bottom width of the weir in feet.  

= Height of the upstream water above the weir crest in feet.  

 
50' weir with a height of 0.25' (3") provides for over 20 cfs of flow. 
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APPENDIX 
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Drainage Complaint 
 

Complaint Number 2004-0731 Kirby 
Investigated by Andrew McDonald on October 4, 2004 
 
 
Visited site and took photographs after noting pipe identified by complainant.  
Construction is taking place on the adjacent lot to the west of the complainant’s 
property.  Upon returning to the office I found the activity under L00S0015, a four lot 
short plat under Herb Mull/New Concept Homes.  It appears that this short plat is still 
under review but allowed to begin grading and development via an “early start” and is 
under inspection by Jay Young at DDES.  The development in which the complainant 
lives, Baker View, is still under a “Punchlist” status with DDES.  The pipe outletting into 
Ms. Kirby’s back yard appears to be an overflow and/or outlet to a tank or vault system 
by just a visual inspection.  I’ve tried contacting Ms. Kirby twice to no avail.  I am 
attempting to steer her towards DDES where the plans are in for review and where both 
developments are still under review/inspection.   
 
 
  

 
 
    4445 

    Kirby 

Line per assessor’s of 
drainage easement 

Parcel number 
142405-9043  SP # 
L00S0015 

Pipe outletting 
onto Kirby’s 
lot 

 1 

 2 
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Offsite Analysis and Drainage System Table 
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Photographs 
 

 
Photo 1: The swale at point W1 is shallow and stable.  This view is looking west. 
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Photo 2: This view at point W4 looking towards W5 shows a stable ditch. 
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Photo 3: The ditch near W9 is rock lined with check dams to help dissipate energy.  It is stable 

and performing well. 
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Photo 4 – This view looking downstream from point W12 shows a heavily vegetated ditch.  
Channel maintenance is necessary. 
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Photo 5 – The alignment of Thayer Creek can be seen traversing the pasture.  Photograph 
taken at point W15 looking northwesterly. 
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Photo 6 – This view looking west at N2 shows the inlet to the 24" pipe crossing NE 144th Place. 
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Photo 7 – This view, looking north at point N3, shows the ditch downstream from NE 144th 
Place. 
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Photo 8 – This is the outlet of the 24" CPP at N4. 
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Photo 9 – This view at N6 shows the inlets of the three culverts crossing NE Miller Street. 
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Photo 10 – This view shows the outlet end of the culverts crossing NE Miller Street.  Note 
standing water in the ditch that could be alleviated by dredging and cleaning the 
downstream section of the channel. 
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Photo 11 – This view from N8 shows the overgrown ditch heading north towards the City's 

detention pond. 
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Calculations 
          Flow Frequency Analysis 

  Time Series File:wbypex.tsf 

  Project Location:Landsburg 

 

  ---Annual Peak Flow Rates---      -----Flow Frequency Analysis------- 

 Flow Rate  Rank  Time of Peak       - - Peaks - -  Rank  Return  Prob 

   (CFS)                                (CFS)             Period 

   0.030      4   2/09/01  2:00         0.056         1  100.00   0.990 

   0.017      8  12/03/01 17:00         0.036         2   25.00   0.960 

   0.028      6   9/10/03 15:00         0.034         3   10.00   0.900 

   0.034      3   8/26/04  1:00         0.030         4    5.00   0.800 

   0.028      7  10/28/04 18:00         0.029         5    3.00   0.667 

   0.029      5  10/22/05 17:00         0.028         6    2.00   0.500 

   0.036      2  11/21/06  9:00         0.028         7    1.30   0.231 

   0.056      1   1/09/08  7:00         0.017         8    1.10   0.091 

Computed Peaks                          0.050             50.00   0.980 

 

          Flow Frequency Analysis 

  Time Series File:wbypdev.tsf 

  Project Location:Landsburg 

 

  ---Annual Peak Flow Rates---      -----Flow Frequency Analysis------- 

 Flow Rate  Rank  Time of Peak       - - Peaks - -  Rank  Return  Prob 

   (CFS)                                (CFS)             Period 

   0.040      7   2/09/01  2:00         0.069         1  100.00   0.990 

   0.028      8  12/03/01 17:00         0.054         2   25.00   0.960 

   0.051      4   9/10/03 15:00         0.053         3   10.00   0.900 

   0.054      2   8/26/04  1:00         0.051         4    5.00   0.800 

   0.045      6  10/28/04 18:00         0.047         5    3.00   0.667 

   0.047      5  10/22/05 17:00         0.045         6    2.00   0.500 

   0.053      3  10/26/06  3:00         0.040         7    1.30   0.231 

   0.069      1   1/09/08  7:00         0.028         8    1.10   0.091 

Computed Peaks                          0.064             50.00   0.980 

  



Pipe

Input Output
Q (cfs) 0.00 8.63

n 0.012 0.012
d (ft) 1.00 1.00 1 0 /16 inches
y (ft) 1.00 1.00

S (ft/ft) 0.050 0.050
  

A (sf) 0.785
Pw (ft) 3.142 V (ft/s) 10.988

R (ft) 0.250

Critical y (ft) =
Qmax @ y (ft) = 0.9382
Vmax @ y (ft) = 0.8128

Job: Rio Vista Description: Miller Street
By: JWN Date: 7/17/2013
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Pipe

Input Output
Q (cfs) 0.00 25.44

n 0.012 0.012
d (ft) 1.50 1.50 1 8 /16 inches
y (ft) 1.50 1.50

S (ft/ft) 0.050 0.050
  

A (sf) 1.767
Pw (ft) 4.712 V (ft/s) 14.399

R (ft) 0.375

Critical y (ft) =
Qmax @ y (ft) = 1.4073
Vmax @ y (ft) = 1.2192

Job: Job Name Description: Description
By: Designer Date: Date

D
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y
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Pipe

Input Output
Q (cfs) 0.00 2.73

n 0.012 0.012
d (ft) 1.00 1.00 1 0 /16 inches
y (ft) 1.00 1.00

S (ft/ft) 0.005 0.005
  

A (sf) 0.785
Pw (ft) 3.142 V (ft/s) 3.475

R (ft) 0.250

Critical y (ft) =
Qmax @ y (ft) = 0.9382
Vmax @ y (ft) = 0.8128

Job: Job Name Description: Description
By: Designer Date: Date

D

S
y
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NE Discharge – at Facility Outlet 

 
 

Flow Durations 
 

tne: target conditions 

outne: vault discharge to NE location 

 

 
 

 



Peak Flow Rates 

 
targne: target conditions 

outne: vault discharge to NE location 

 

 



NE Discharge Location - Duration Comparison Analysis 

   Base File: targne.tsf 

    New File: outne.tsf 

Cutoff Units: Discharge in CFS 

 

            -----Fraction of Time----- ---------Check of Tolerance------- 

  Cutoff    Base      New      %Change Probability   Base     New %Change 

   0.153 |  0.86E-02  0.79E-02   -8.5 |  0.86E-02   0.153   0.151    -1.6 

   0.186 |  0.57E-02  0.33E-02  -41.5 |  0.57E-02   0.186   0.160   -14.0 

   0.220 |  0.37E-02  0.24E-02  -34.8 |  0.37E-02   0.220   0.180   -17.9 

   0.253 |  0.23E-02  0.17E-02  -24.1 |  0.23E-02   0.253   0.223   -11.7 

   0.286 |  0.15E-02  0.13E-02  -15.8 |  0.15E-02   0.286   0.264    -7.8 

   0.320 |  0.11E-02  0.91E-03  -13.8 |  0.11E-02   0.320   0.309    -3.3 

   0.353 |  0.83E-03  0.41E-03  -51.0 |  0.83E-03   0.353   0.324    -8.1 

   0.386 |  0.62E-03  0.00E+00 -100.0 |  0.62E-03   0.386   0.335   -13.2 

   0.419 |  0.44E-03  0.00E+00 -100.0 |  0.44E-03   0.419   0.350   -16.5 

   0.453 |  0.31E-03  0.00E+00 -100.0 |  0.31E-03   0.453   0.362   -20.1 

   0.486 |  0.16E-03  0.00E+00 -100.0 |  0.16E-03   0.486   0.374   -23.1 

   0.519 |  0.98E-04  0.00E+00 -100.0 |  0.98E-04   0.519   0.377   -27.4 

   0.553 |  0.49E-04  0.00E+00 -100.0 |  0.49E-04   0.553   0.379   -31.4 

 

There is no positive excursion 

 

Maximum negative excursion = 0.205 cfs (-35.0%) 

occurring at 0.585 cfs on the Base Data:targne.tsf 

and at 0.380 cfs on the  New Data:outne.tsf 

 



SE Discharge – at Downstream Point-of-Compliance 

 

Flow Durations 

 
tse: target conditions 

outseby: vault discharge to SE point-of-compliance (includes bypass) 

 

 
 

 



Peak Flow Rates 

 
targse: target conditions 

outseby: vault discharge to SE point-of-compliance (includes bypass) 

 

 



SE Discharge Location - Duration Comparison Analysis 
   Base File: targse.tsf 

    New File: outseby.tsf 

Cutoff Units: Discharge in CFS 

 

            -----Fraction of Time----- ---------Check of Tolerance------- 

  Cutoff    Base      New      %Change Probability   Base     New %Change 

   0.046 |  0.80E-02  0.78E-02   -2.4 |  0.80E-02   0.046   0.045    -0.8 

   0.055 |  0.53E-02  0.27E-02  -50.0 |  0.53E-02   0.055   0.049   -12.0 

   0.065 |  0.35E-02  0.16E-02  -54.9 |  0.35E-02   0.065   0.052   -19.0 

   0.074 |  0.23E-02  0.13E-02  -41.7 |  0.23E-02   0.074   0.058   -22.5 

   0.084 |  0.14E-02  0.12E-02  -15.5 |  0.14E-02   0.084   0.071   -15.2 

   0.093 |  0.98E-03  0.10E-02    5.0 |  0.98E-03   0.093   0.097     4.4 

   0.103 |  0.78E-03  0.86E-03   10.4 |  0.78E-03   0.103   0.107     4.0 

   0.112 |  0.54E-03  0.68E-03   27.3 |  0.54E-03   0.112   0.119     6.1 

   0.122 |  0.41E-03  0.49E-03   20.0 |  0.41E-03   0.122   0.127     4.1 

   0.131 |  0.28E-03  0.34E-03   23.5 |  0.28E-03   0.131   0.135     2.9 

   0.140 |  0.20E-03  0.20E-03    0.0 |  0.20E-03   0.140   0.141     0.6 

   0.150 |  0.98E-04  0.82E-04  -16.7 |  0.98E-04   0.150   0.146    -2.4 

   0.159 |  0.49E-04  0.00E+00 -100.0 |  0.49E-04   0.159   0.153    -4.1 

   0.169 |  0.16E-04  0.00E+00 -100.0 |  0.16E-04   0.169   0.158    -6.1 

 

Maximum positive excursion = 0.007 cfs (  6.3%) 

occurring at 0.112 cfs on the Base Data:targse.tsf 

and at 0.119 cfs on the  New Data:outseby.tsf 

 

Maximum negative excursion = 0.017 cfs (-23.2%) 

occurring at 0.073 cfs on the Base Data:targse.tsf 

and at 0.056 cfs on the  New Data:outseby.tsf 



 

Vault Design 

 

Dimensions: 
Bot Area 14960 SF Revised to 15,008 SF 

Length 170 FT Revised to 268' 

Width 88 FT Revised to 56' 

Depth 8 FT 

 

Outlet Structures: 

NE Outlet Structure 
  

Orifice Dia. Height Area 

 
(IN) (FT) (SF) 

O1 1.69 - 0.015577596 

O2 0.88 4.40 0.004223693 

O3 1.70 4.80 0.015762491 

Riser 18.00 8.00 
  

SE Outlet Structure 

Orifice Dia. Height Area 

 
(IN) (FT) (SF) 

O1 0.87 - 0.004128 

O2 1.50 5.80 0.012272 

O3 - - 0 

Riser 12.00 8.00 
  

Stage-Storage-Discharge 
Discharge A = NE Outlet 

Discharge B = SE Outlet 

 

Stage Discharge Discharge Storage 
Perm-
Area 

(Ft) (CFS) (CFS) (Cu-Ft) (Sq-Ft) 

 
A B 

  0.00 0.000 0.000 0.00 0.0 

0.20 0.035 0.009 2992.00 0.0 

0.40 0.049 0.013 5984.00 0.0 

0.60 0.060 0.016 8976.00 0.0 

0.80 0.069 0.018 11968.00 0.0 

1.00 0.078 0.021 14960.00 0.0 

1.20 0.085 0.023 17952.00 0.0 

1.40 0.092 0.024 20944.00 0.0 

1.60 0.098 0.026 23936.00 0.0 

1.80 0.104 0.028 26928.00 0.0 

2.00 0.110 0.029 29920.00 0.0 

2.20 0.115 0.030 32912.00 0.0 

2.40 0.120 0.032 35904.00 0.0 

2.60 0.125 0.033 38896.00 0.0 

2.80 0.130 0.034 41888.00 0.0 

3.00 0.134 0.036 44880.00 0.0 

3.20 0.139 0.037 47872.00 0.0 

3.40 0.143 0.038 50864.00 0.0 

3.60 0.147 0.039 53856.00 0.0 

3.80 0.151 0.040 56848.00 0.0 



4.00 0.155 0.041 59840.00 0.0 

4.20 0.159 0.042 62832.00 0.0 

4.40 0.163 0.043 65824.00 0.0 

4.60 0.176 0.044 68816.00 0.0 

4.80 0.183 0.045 71808.00 0.0 

5.00 0.225 0.046 74800.00 0.0 

5.20 0.245 0.047 77792.00 0.0 

5.40 0.262 0.048 80784.00 0.0 

5.60 0.277 0.049 83776.00 0.0 

5.80 0.290 0.049 86768.00 0.0 

6.00 0.302 0.078 89760.00 0.0 

6.20 0.314 0.090 92752.00 0.0 

6.40 0.325 0.099 95744.00 0.0 

6.60 0.336 0.107 98736.00 0.0 

6.80 0.346 0.115 101728.00 0.0 

7.00 0.355 0.121 104720.00 0.0 

7.20 0.365 0.127 107712.00 0.0 

7.40 0.374 0.133 110704.00 0.0 

7.60 0.382 0.139 113696.00 0.0 

7.80 0.391 0.144 116688.00 0.0 

8.00 0.399 0.149 119680.00 0.0 

8.20 6.941 4.509 122672.00 0.0 

8.40 9.655 6.317 125664.00 0.0 

8.60 11.739 7.706 128656.00 0.0 

8.80 13.497 8.878 131648.00 0.0 

9.00 15.047 9.910 134640.00 0.0 



KCRTS Basins 
 

Description of Basins:  

targne: NE basin target conditions 

targse: SE basin target conditions 

devne: NE basin developed conditions 

devse: SE basin developed conditions 

byse: SE basin bypass 

 

                                 KCRTS Command 

                                 ------------- 

                           CREATE a new Time Series 

                           ------------------------ 

                       Production of Runoff Time Series 

    Project Location : Landsburg 

     Computing Series : targne.tsf 

Regional Scale Factor :    0.85 

            Data Type : Reduced 

Creating Hourly Time Series File 

                    Loading Time Series File:C:\KC_SWDM\KC_DATA\LATF60R.rnf   : 

Till Forest             6.01 acres 

                    Loading Time Series File:C:\KC_SWDM\KC_DATA\LAEI60R.rnf   : 

Impervious              0.62 acres 

                     -------------- 

         Total Area :    6.63 acres 

Peak Discharge:  0.841 CFS at  7:00 on Jan  9 in Year 8 

                                        Storing Time Series File:targne.tsf   : 

                             Time Series Computed 

 

                                 KCRTS Command 

                                 ------------- 

                        Enter the Analysis TOOLS Module 

                        ------------------------------- 

 

                            Analysis Tools Command 

                            ---------------------- 

                      Compute PEAKS and Flow Frequencies 

                      ---------------------------------- 

                                   Loading Stage/Discharge curve:targne.tsf   : 

          Flow Frequency Analysis 

          -------------------------------------------------------- 

  Time Series File:targne.tsf 

  Project Location:Landsburg 

                               Frequencies & Peaks saved to File:targne.pks   : 

 

                            Analysis Tools Command 

                            ---------------------- 

                     Compute Flow DURATION and Exceedence 

                     ------------------------------------ 

                                        Loading Time Series File:targne.tsf   : 

Computing Interval Locations 

Computing Flow Durations 

                    Durations & Exceedence Probabilities to File:targne.dur   : 

 



                            Analysis Tools Command 

                            ---------------------- 

                            RETURN to Previous Menu 

                            ----------------------- 

 

                                 KCRTS Command 

                                 ------------- 

                           CREATE a new Time Series 

                           ------------------------ 

                       Production of Runoff Time Series 

    Project Location : Landsburg 

     Computing Series : devne.tsf 

Regional Scale Factor :    0.85 

            Data Type : Reduced 

Creating Hourly Time Series File 

                    Loading Time Series File:C:\KC_SWDM\KC_DATA\LATG60R.rnf   : 

Till Grass              1.32 acres 

                    Loading Time Series File:C:\KC_SWDM\KC_DATA\LAEI60R.rnf   : 

Impervious              5.31 acres 

                     -------------- 

         Total Area :    6.63 acres 

Peak Discharge:   2.81 CFS at  7:00 on Jan  9 in Year 8 

                                         Storing Time Series File:devne.tsf   : 

                             Time Series Computed 

 

                                 KCRTS Command 

                                 ------------- 

                        Enter the Analysis TOOLS Module 

                        ------------------------------- 

 

                            Analysis Tools Command 

                            ---------------------- 

                      Compute PEAKS and Flow Frequencies 

                      ---------------------------------- 

                                    Loading Stage/Discharge curve:devne.tsf   : 

          Flow Frequency Analysis 

          -------------------------------------------------------- 

  Time Series File:devne.tsf 

  Project Location:Landsburg 

                                Frequencies & Peaks saved to File:devne.pks   : 

 

                            Analysis Tools Command 

                            ---------------------- 

                     Compute Flow DURATION and Exceedence 

                     ------------------------------------ 

                                         Loading Time Series File:devne.tsf   : 

Computing Interval Locations 

Computing Flow Durations 

                     Durations & Exceedence Probabilities to File:devne.dur   : 

 

                            Analysis Tools Command 

                            ---------------------- 

                            RETURN to Previous Menu 

                            ----------------------- 



 

                                 KCRTS Command 

                                 ------------- 

                           CREATE a new Time Series 

                           ------------------------ 

                       Production of Runoff Time Series 

    Project Location : Landsburg 

     Computing Series : targse.tsf 

Regional Scale Factor :    0.85 

            Data Type : Reduced 

Creating Hourly Time Series File 

                    Loading Time Series File:C:\KC_SWDM\KC_DATA\LATF60R.rnf   : 

Till Forest             1.60 acres 

                    Loading Time Series File:C:\KC_SWDM\KC_DATA\LAEI60R.rnf   : 

Impervious              0.23 acres 

                     -------------- 

         Total Area :    1.83 acres 

Peak Discharge:  0.254 CFS at  7:00 on Jan  9 in Year 8 

                                        Storing Time Series File:targse.tsf   : 

                             Time Series Computed 

 

                                 KCRTS Command 

                                 ------------- 

                        Enter the Analysis TOOLS Module 

                        ------------------------------- 

 

                            Analysis Tools Command 

                            ---------------------- 

                      Compute PEAKS and Flow Frequencies 

                      ---------------------------------- 

                                   Loading Stage/Discharge curve:targse.tsf   : 

          Flow Frequency Analysis 

          -------------------------------------------------------- 

  Time Series File:targse.tsf 

  Project Location:Landsburg 

                               Frequencies & Peaks saved to File:targse.pks   : 

 

                            Analysis Tools Command 

                            ---------------------- 

                     Compute Flow DURATION and Exceedence 

                     ------------------------------------ 

                                        Loading Time Series File:targse.tsf   : 

Computing Interval Locations 

Computing Flow Durations 

                    Durations & Exceedence Probabilities to File:targse.dur   : 

 

                            Analysis Tools Command 

                            ---------------------- 

                            RETURN to Previous Menu 

                            ----------------------- 

 

                                 KCRTS Command 

                                 ------------- 

                           CREATE a new Time Series 



                           ------------------------ 

                       Production of Runoff Time Series 

    Project Location : Landsburg 

     Computing Series : devse.tsf 

Regional Scale Factor :    0.85 

            Data Type : Reduced 

Creating Hourly Time Series File 

                    Loading Time Series File:C:\KC_SWDM\KC_DATA\LATG60R.rnf   : 

Till Grass              0.40 acres 

                    Loading Time Series File:C:\KC_SWDM\KC_DATA\LAEI60R.rnf   : 

Impervious              1.28 acres 

                     -------------- 

         Total Area :    1.68 acres 

Peak Discharge:  0.702 CFS at  7:00 on Jan  9 in Year 8 

                                         Storing Time Series File:devse.tsf   : 

                             Time Series Computed 

 

                                 KCRTS Command 

                                 ------------- 

                        Enter the Analysis TOOLS Module 

                        ------------------------------- 

 

                            Analysis Tools Command 

                            ---------------------- 

                      Compute PEAKS and Flow Frequencies 

                      ---------------------------------- 

                                    Loading Stage/Discharge curve:devse.tsf   : 

          Flow Frequency Analysis 

          -------------------------------------------------------- 

  Time Series File:devse.tsf 

  Project Location:Landsburg 

                                Frequencies & Peaks saved to File:devse.pks   : 

 

                            Analysis Tools Command 

                            ---------------------- 

                     Compute Flow DURATION and Exceedence 

                     ------------------------------------ 

                                         Loading Time Series File:devse.tsf   : 

Computing Interval Locations 

Computing Flow Durations 

                     Durations & Exceedence Probabilities to File:devse.dur   : 

 

                            Analysis Tools Command 

                            ---------------------- 

                            RETURN to Previous Menu 

                            ----------------------- 

 

                                 KCRTS Command 

                                 ------------- 

                           CREATE a new Time Series 

                           ------------------------ 

                       Production of Runoff Time Series 

    Project Location : Landsburg 

     Computing Series : byse.tsf 



Regional Scale Factor :    0.85 

            Data Type : Reduced 

Creating Hourly Time Series File 

                    Loading Time Series File:C:\KC_SWDM\KC_DATA\LAEI60R.rnf   : 

Impervious              0.15 acres 

                     -------------- 

         Total Area :    0.15 acres 

Peak Discharge:  0.069 CFS at  7:00 on Jan  9 in Year 8 

                                          Storing Time Series File:byse.tsf   : 

                             Time Series Computed 

 

                                 KCRTS Command 

                                 ------------- 

                        Enter the Analysis TOOLS Module 

                        ------------------------------- 

 

                            Analysis Tools Command 

                            ---------------------- 

                      Compute PEAKS and Flow Frequencies 

                      ---------------------------------- 

                                     Loading Stage/Discharge curve:byse.tsf   : 

          Flow Frequency Analysis 

          -------------------------------------------------------- 

  Time Series File:byse.tsf 

  Project Location:Landsburg 

                                 Frequencies & Peaks saved to File:byse.pks   : 

 

                            Analysis Tools Command 

                            ---------------------- 

                     Compute Flow DURATION and Exceedence 

                     ------------------------------------ 

                                          Loading Time Series File:byse.tsf   : 

Computing Interval Locations 

Computing Flow Durations 

                      Durations & Exceedence Probabilities to File:byse.dur   : 

 

                            Analysis Tools Command 

                            ---------------------- 

                            RETURN to Previous Menu 

                            ----------------------- 

 

                                 KCRTS Command 

                                 ------------- 

                              eXit KCRTS Program 

                              ------------------ 

 



 

Retention/Detention Facility 

 

 

         Type of Facility: Detention Vault 

         Facility Length:      120.00  ft 

          Facility Width:       89.00  ft 

           Facility Area:    10680.    sq. ft 

 Effective Storage Depth:        4.00  ft 

       Stage 0 Elevation:        0.00  ft 

          Storage Volume:    42720.    cu. ft 

              Riser Head:        4.00  ft 

          Riser Diameter:       12.00  inches 

      Number of orifices:        2 

                                     Full Head    Pipe 

    Orifice #      Height  Diameter  Discharge  Diameter 

                    (ft)     (in)      (CFS)      (in) 

       1            0.00      1.07        0.062 

       2            2.20      1.40        0.071    4.0 

          Top Notch Weir: None 

    Outflow Rating Curve: None 

 

 

    Stage     Elevation      Storage       Discharge  Percolation 

     (ft)       (ft)    (cu. ft)   (ac-ft)  (cfs)      (cfs) 

      0.00       0.00          0.     0.000  0.000      0.00 

      0.01       0.01        107.     0.002  0.003      0.00 

      0.02       0.02        214.     0.005  0.005      0.00 

      0.03       0.03        320.     0.007  0.006      0.00 

      0.04       0.04        427.     0.010  0.006      0.00 

      0.06       0.06        641.     0.015  0.007      0.00 

      0.07       0.07        748.     0.017  0.008      0.00 

      0.08       0.08        854.     0.020  0.009      0.00 

      0.09       0.09        961.     0.022  0.009      0.00 

      0.19       0.19       2029.     0.047  0.013      0.00 

      0.29       0.29       3097.     0.071  0.017      0.00 

      0.39       0.39       4165.     0.096  0.019      0.00 

      0.49       0.49       5233.     0.120  0.022      0.00 

      0.59       0.59       6301.     0.145  0.024      0.00 

      0.69       0.69       7369.     0.169  0.026      0.00 

      0.79       0.79       8437.     0.194  0.027      0.00 

      0.89       0.89       9505.     0.218  0.029      0.00 

      0.99       0.99      10573.     0.243  0.031      0.00 

      1.09       1.09      11641.     0.267  0.032      0.00 

      1.19       1.19      12709.     0.292  0.034      0.00 

      1.29       1.29      13777.     0.316  0.035      0.00 

      1.39       1.39      14845.     0.341  0.036      0.00 

      1.49       1.49      15913.     0.365  0.038      0.00 

      1.59       1.59      16981.     0.390  0.039      0.00 

      1.69       1.69      18049.     0.414  0.040      0.00 

      1.79       1.79      19117.     0.439  0.041      0.00 

      1.89       1.89      20185.     0.463  0.042      0.00 

      1.99       1.99      21253.     0.488  0.043      0.00 

      2.09       2.09      22321.     0.512  0.044      0.00 



      2.19       2.19      23389.     0.537  0.046      0.00 

      2.20       2.20      23496.     0.539  0.046      0.00 

      2.21       2.21      23603.     0.542  0.046      0.00 

      2.23       2.23      23816.     0.547  0.047      0.00 

      2.24       2.24      23923.     0.549  0.050      0.00 

      2.26       2.26      24137.     0.554  0.053      0.00 

      2.27       2.27      24244.     0.557  0.056      0.00 

      2.29       2.29      24457.     0.561  0.061      0.00 

      2.30       2.30      24564.     0.564  0.064      0.00 

      2.32       2.32      24778.     0.569  0.065      0.00 

      2.42       2.42      25846.     0.593  0.073      0.00 

      2.52       2.52      26914.     0.618  0.079      0.00 

      2.62       2.62      27982.     0.642  0.084      0.00 

      2.72       2.72      29050.     0.667  0.089      0.00 

      2.82       2.82      30118.     0.691  0.093      0.00 

      2.92       2.92      31186.     0.716  0.098      0.00 

      3.02       3.02      32254.     0.740  0.101      0.00 

      3.12       3.12      33322.     0.765  0.105      0.00 

      3.22       3.22      34390.     0.789  0.109      0.00 

      3.32       3.32      35458.     0.814  0.112      0.00 

      3.42       3.42      36526.     0.839  0.116      0.00 

      3.52       3.52      37594.     0.863  0.119      0.00 

      3.62       3.62      38662.     0.888  0.122      0.00 

      3.72       3.72      39730.     0.912  0.125      0.00 

      3.82       3.82      40798.     0.937  0.128      0.00 

      3.92       3.92      41866.     0.961  0.131      0.00 

      4.00       4.00      42720.     0.981  0.133      0.00 

      4.10       4.10      43788.     1.005  0.444      0.00 

      4.20       4.20      44856.     1.030  1.010      0.00 

      4.30       4.30      45924.     1.054  1.740      0.00 

      4.40       4.40      46992.     1.079  2.540      0.00 

      4.50       4.50      48060.     1.103  2.820      0.00 

      4.60       4.60      49128.     1.128  3.080      0.00 

      4.70       4.70      50196.     1.152  3.320      0.00 

      4.80       4.80      51264.     1.177  3.540      0.00 

      4.90       4.90      52332.     1.201  3.740      0.00 

      5.00       5.00      53400.     1.226  3.940      0.00 

      5.10       5.10      54468.     1.250  4.130      0.00 

      5.20       5.20      55536.     1.275  4.310      0.00 

      5.30       5.30      56604.     1.299  4.480      0.00 

      5.40       5.40      57672.     1.324  4.640      0.00 

      5.50       5.50      58740.     1.348  4.800      0.00 

      5.60       5.60      59808.     1.373  4.950      0.00 

      5.70       5.70      60876.     1.398  5.100      0.00 

      5.80       5.80      61944.     1.422  5.250      0.00 

      5.90       5.90      63012.     1.447  5.390      0.00 

      6.00       6.00      64080.     1.471  5.530      0.00 

 

 Hyd  Inflow    Outflow         Peak             Storage 

             Target    Calc  Stage   Elev   (Cu-Ft)    (Ac-Ft) 

  1    1.13 *******    0.83  4.17    4.17     44508.      1.022 

  2    0.77 *******    0.21  4.03    4.03     42995.      0.987 

  3    0.64 *******    0.13  3.88    3.88     41470.      0.952 

  4    0.39 *******    0.09  2.72    2.72     29058.      0.667 



  5    0.46 *******    0.09  2.69    2.69     28708.      0.659 

  6    0.69 *******    0.05  2.26    2.26     24154.      0.554 

  7    0.80 *******    0.04  1.64    1.64     17478.      0.401 

  8    0.33 *******    0.03  1.13    1.13     12112.      0.278 

 

---------------------------------- 

Route Time Series through Facility 

  Inflow Time Series File:devw.tsf 

 Outflow Time Series File:rdout 

 

Inflow/Outflow Analysis 

   Peak Inflow Discharge:       1.13 CFS at  7:00 on Jan  9 in Year 8 

  Peak Outflow Discharge:      0.825 CFS at  9:00 on Jan  9 in Year 8 

    Peak Reservoir Stage:       4.17  Ft 

     Peak Reservoir Elev:       4.17  Ft 

  Peak Reservoir Storage:   44508.    Cu-Ft 

                        :       1.022 Ac-Ft 

 

          Flow Frequency Analysis 

  Time Series File:rdout.tsf 

  Project Location:Landsburg 

 

  ---Annual Peak Flow Rates---      -----Flow Frequency Analysis------- 

 Flow Rate  Rank  Time of Peak       - - Peaks - -  Rank  Return  Prob 

   (CFS)                             (CFS)    (ft)        Period 

   0.132      3   2/09/01 21:00      0.825    4.17    1  100.00   0.990 

   0.033      8   1/06/02 22:00      0.214    4.03    2   25.00   0.960 

   0.088      5   3/06/03 23:00      0.132    3.94    3   10.00   0.900 

   0.039      7   8/26/04  7:00      0.089    2.72    4    5.00   0.800 

   0.089      4   1/08/05  6:00      0.088    2.70    5    3.00   0.667 

   0.053      6  10/28/05  2:00      0.053    2.26    6    2.00   0.500 

   0.214      2  11/24/06  8:00      0.039    1.64    7    1.30   0.231 

   0.825      1   1/09/08  9:00      0.033    1.14    8    1.10   0.091 

Computed Peaks                       0.622    4.13        50.00   0.980 

 

  Flow Duration from Time Series File:rdout.tsf 

 Cutoff    Count  Frequency   CDF    Exceedence_Probability 

   CFS               %         %        % 

   0.003   24431   39.842    39.842   60.158    0.602E+00 

   0.009    8273   13.492    53.333   46.667    0.467E+00 

   0.015    9194   14.993    68.327   31.673    0.317E+00 

   0.021    7851   12.803    81.130   18.870    0.189E+00 

   0.027    5544    9.041    90.171    9.829    0.983E-01 

   0.033    2637    4.300    94.472    5.528    0.553E-01 

   0.039    1667    2.719    97.190    2.810    0.281E-01 

   0.045    1093    1.782    98.973    1.027    0.103E-01 

   0.051     157    0.256    99.229    0.771    0.771E-02 

   0.057      40    0.065    99.294    0.706    0.706E-02 

   0.063      28    0.046    99.340    0.660    0.660E-02 

   0.069      68    0.111    99.450    0.550    0.550E-02 

   0.075      53    0.086    99.537    0.463    0.463E-02 

   0.081      83    0.135    99.672    0.328    0.328E-02 

   0.087      50    0.082    99.754    0.246    0.246E-02 

   0.093      22    0.036    99.790    0.210    0.210E-02 



   0.099      17    0.028    99.817    0.183    0.183E-02 

   0.105      16    0.026    99.843    0.157    0.157E-02 

   0.111      17    0.028    99.871    0.129    0.129E-02 

   0.117      16    0.026    99.897    0.103    0.103E-02 

   0.123      28    0.046    99.943    0.057    0.571E-03 

   0.129      20    0.033    99.976    0.024    0.245E-03 

   0.135      12    0.020    99.995    0.005    0.489E-04 

   0.141       0    0.000    99.995    0.005    0.489E-04 

   0.147       0    0.000    99.995    0.005    0.489E-04 

   0.153       1    0.002    99.997    0.003    0.326E-04 

   0.159       0    0.000    99.997    0.003    0.326E-04 

   0.165       0    0.000    99.997    0.003    0.326E-04 

   0.171       0    0.000    99.997    0.003    0.326E-04 

   0.177       0    0.000    99.997    0.003    0.326E-04 

   0.183       1    0.002    99.998    0.002    0.163E-04 

   0.189       0    0.000    99.998    0.002    0.163E-04 

   0.195       0    0.000    99.998    0.002    0.163E-04 

   0.201       0    0.000    99.998    0.002    0.163E-04 

   0.207       0    0.000    99.998    0.002    0.163E-04 

   0.213       0    0.000    99.998    0.002    0.163E-04 

Duration Comparison Anaylsis 

   Base File: targw.tsf 

    New File: rdout.tsf 

Cutoff Units: Discharge in CFS 

 

            -----Fraction of Time----- ---------Check of Tolerance------- 

  Cutoff    Base      New      %Change Probability   Base     New %Change 

   0.050 |  0.10E-01  0.78E-02  -22.0 |  0.10E-01   0.050   0.045    -9.1 

   0.062 |  0.68E-02  0.66E-02   -2.9 |  0.68E-02   0.062   0.060    -3.1 

   0.074 |  0.46E-02  0.48E-02    3.5 |  0.46E-02   0.074   0.075     1.2 

   0.087 |  0.30E-02  0.25E-02  -17.3 |  0.30E-02   0.087   0.082    -5.3 

   0.099 |  0.20E-02  0.19E-02   -5.7 |  0.20E-02   0.099   0.097    -1.9 

   0.111 |  0.15E-02  0.13E-02  -13.2 |  0.15E-02   0.111   0.107    -3.4 

   0.124 |  0.10E-02  0.54E-03  -47.6 |  0.10E-02   0.124   0.117    -5.0 

   0.136 |  0.75E-03  0.49E-04  -93.5 |  0.75E-03   0.136   0.121   -10.7 

   0.148 |  0.57E-03  0.49E-04  -91.4 |  0.57E-03   0.148   0.123   -16.8 

   0.160 |  0.33E-03  0.33E-04  -90.0 |  0.33E-03   0.160   0.128   -20.3 

   0.173 |  0.20E-03  0.33E-04  -83.3 |  0.20E-03   0.173   0.130   -24.4 

   0.185 |  0.15E-03  0.16E-04  -88.9 |  0.15E-03   0.185   0.131   -29.0 

   0.197 |  0.98E-04  0.16E-04  -83.3 |  0.98E-04   0.197   0.132   -33.3 

   0.209 |  0.16E-04  0.16E-04    0.0 |  0.16E-04   0.209   0.214     2.4 

 

Maximum positive excursion = 0.008 cfs (  4.1%) 

occurring at 0.206 cfs on the Base Data:targw.tsf 

and at 0.214 cfs on the  New Data:rdout.tsf 

 

Maximum negative excursion = 0.069 cfs (-34.4%) 

occurring at 0.202 cfs on the Base Data:targw.tsf 

and at 0.132 cfs on the  New Data:rdout.tsf 

 

---------------------------------- 

Route Time Series through Facility 

  Inflow Time Series File:devw.tsf 

 Outflow Time Series File:rdout 



 

Inflow/Outflow Analysis 

   Peak Inflow Discharge:       1.13 CFS at  7:00 on Jan  9 in Year 8 

  Peak Outflow Discharge:      0.825 CFS at  9:00 on Jan  9 in Year 8 

    Peak Reservoir Stage:       4.17  Ft 

     Peak Reservoir Elev:       4.17  Ft 

  Peak Reservoir Storage:   44508.    Cu-Ft 

                        :       1.022 Ac-Ft 

 

          Flow Frequency Analysis 

  Time Series File:rdout.tsf 

  Project Location:Landsburg 

 

  ---Annual Peak Flow Rates---      -----Flow Frequency Analysis------- 

 Flow Rate  Rank  Time of Peak       - - Peaks - -  Rank  Return  Prob 

   (CFS)                             (CFS)    (ft)        Period 

   0.132      3   2/09/01 21:00      0.825    4.17    1  100.00   0.990 

   0.033      8   1/06/02 22:00      0.214    4.03    2   25.00   0.960 

   0.088      5   3/06/03 23:00      0.132    3.94    3   10.00   0.900 

   0.039      7   8/26/04  7:00      0.089    2.72    4    5.00   0.800 

   0.089      4   1/08/05  6:00      0.088    2.70    5    3.00   0.667 

   0.053      6  10/28/05  2:00      0.053    2.26    6    2.00   0.500 

   0.214      2  11/24/06  8:00      0.039    1.64    7    1.30   0.231 

   0.825      1   1/09/08  9:00      0.033    1.14    8    1.10   0.091 

Computed Peaks                       0.622    4.13        50.00   0.980 

 

  Flow Duration from Time Series File:rdout.tsf 

 Cutoff    Count  Frequency   CDF    Exceedence_Probability 

   CFS               %         %        % 

   0.003   24431   39.842    39.842   60.158    0.602E+00 

   0.009    8273   13.492    53.333   46.667    0.467E+00 

   0.015    9194   14.993    68.327   31.673    0.317E+00 

   0.021    7851   12.803    81.130   18.870    0.189E+00 

   0.027    5544    9.041    90.171    9.829    0.983E-01 

   0.033    2637    4.300    94.472    5.528    0.553E-01 

   0.039    1667    2.719    97.190    2.810    0.281E-01 

   0.045    1093    1.782    98.973    1.027    0.103E-01 

   0.051     157    0.256    99.229    0.771    0.771E-02 

   0.057      40    0.065    99.294    0.706    0.706E-02 

   0.063      28    0.046    99.340    0.660    0.660E-02 

   0.069      68    0.111    99.450    0.550    0.550E-02 

   0.075      53    0.086    99.537    0.463    0.463E-02 

   0.081      83    0.135    99.672    0.328    0.328E-02 

   0.087      50    0.082    99.754    0.246    0.246E-02 

   0.093      22    0.036    99.790    0.210    0.210E-02 

   0.099      17    0.028    99.817    0.183    0.183E-02 

   0.105      16    0.026    99.843    0.157    0.157E-02 

   0.111      17    0.028    99.871    0.129    0.129E-02 

   0.117      16    0.026    99.897    0.103    0.103E-02 

   0.123      28    0.046    99.943    0.057    0.571E-03 

   0.129      20    0.033    99.976    0.024    0.245E-03 

   0.135      12    0.020    99.995    0.005    0.489E-04 

   0.141       0    0.000    99.995    0.005    0.489E-04 

   0.147       0    0.000    99.995    0.005    0.489E-04 



   0.153       1    0.002    99.997    0.003    0.326E-04 

   0.159       0    0.000    99.997    0.003    0.326E-04 

   0.165       0    0.000    99.997    0.003    0.326E-04 

   0.171       0    0.000    99.997    0.003    0.326E-04 

   0.177       0    0.000    99.997    0.003    0.326E-04 

   0.183       1    0.002    99.998    0.002    0.163E-04 

   0.189       0    0.000    99.998    0.002    0.163E-04 

   0.195       0    0.000    99.998    0.002    0.163E-04 

   0.201       0    0.000    99.998    0.002    0.163E-04 

   0.207       0    0.000    99.998    0.002    0.163E-04 

   0.213       0    0.000    99.998    0.002    0.163E-04 
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PacLand Downstream Analysis 
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