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DRAINAGE REPORT 

Section 1 – Project Description 

The Vista Views at Black Lake project is located at the southeast corner of the intersection of Black Lake-

Belmore Rd SW and 49th Avenue SW in the City of Tumwater in Section 32, Township 18, Range 2 West, 

W.M. on tax parcel numbers 12832310700 and 12832310800; The site addresses are 3825 58th Ln SW, 

Tumwater, WA 98502. 

The project proposes to construct Subdivide 55 acres into 186 single family lots. Proposed construction 

will include 7.25 acres of roads with 2.23 acres of sidewalk, and required drainage, landscaping, sewer, 

and water service improvements.  The infiltration basin will be sized to include a future development to 

the east with an estimated 1.08 acres of roads with 0.35 ac sidewalks.  Current assessment is based on 

Thurston County Assessor’s office web site at $685,800. See proposed Site Plan on page 3.   

The proposed project will require grading, encroachment, building, and utility permits. Water and sewer 

will be provided via connections to the City of Tumwater’s utilities. Electricity and natural gas will be 

provided by Puget Sound Energy. Zoning for the property is SFL – Single Family Low Density 

Residential. 

The site will have four basins North (access road), Middle, East (future), and 58th Lane basins. The site is 

also split into two Threshold Discharge Areas, Wetland A and 58th Lane. All the basins except 58th Lane 

drain to wetland A. 58th Lane drains to existing roadside ditches.   

North Access Road Basin consists of the northern 400 LF of the access road from 49th Avenue 

SW with and includes road, sidewalks, and landscaping. Runoff from this basin will be infiltrated 

100% in an adequately sized R-Tank infiltration Gallery in Tract D1.  Treatment will be provided by 

a BioPod. Treatment offline rate 0.0395 cfs.   

Middle Basin consists of the new single family lots landscaping, road, and sidewalks. All roof 

areas will be connected to individual dry wells for 100% infiltration. Runoff will be collected 

by catch basins and conveyed to a infiltration basin near Wetland A.  Treatment will be provided by 

biopods. 

Future East Development consists of a possible future plat to the east. The Future East Basin 

will flow into the Middle basin and to the infiltration basin adjacent to Wetland A.   

58th Lane Basin consists of the frontage improvements including associated landscaping. The 

runoff from this basin will be collected by catch basins and routed to a BioPod for treatment and 

infiltration trench for 100% infiltration.  

49TH Avenue SW frontage improvement with less than 10,000 SF of new impervious area. 

BioPod or Filterra will provide treatment.  Release to Wetland A.   

Refer to Basin map on page 5.  
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 Table 1.1 - Area Summary 

All areas measured in acres 

Pre-Developed North Middle 
Future 

East Dev 

49th Ave 

SW 

58th Lane 

 
Total  

Forest (C/D) 0.78 37.84 8.86 0.5 1.29 49.27 

Total 0.78 37.84 8.86 0.5 1.29 49.27 

100-Year Pre-

Developed Flow Rate 
POC 1 – 7.25 CFS POC 2 - 0.19 CFS 

Developed  North Middle 
Future 

East Dev 

49th Ave 

SW 

58th Lane 
Total  

Roof*  11.10 2.33   13.43 

Roads 0.26 5.45 1.08 0.30 0.46 7.55 

Sidewalk 0.09 1.65 0.35 0.10 0.14 2.33 

Driveway  1.71 0.36   2.07 

Pasture (C) 0.43 15.48 4.74 0.10 0.69 23.79 

Forest (A/B Flat)       

Pond  2.45  
  2.45 

 

Total 0.78 37.84 8.86 0.50 1.29 49.27 

       

100-Year Developed 

Flow Rate 
POC 1 – 0.83 CFS 

POC 2 - 

0.00 CFS 
0.83 CFS 

NOTE : All roofs are infiltrated individual drywells. 

POC 1 = includes North, Middle, Future East Development, and 49th Avenue = 47.48 ac 

POC 2 = includes 58th Lane = 1.29 ac 
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The City of Tumwater 2022 Drainage Design and Erosion Control Manual (DDECM) summarizes the 

thresholds which determine the applicability of the minimum requirements for each project. All new 

development projects are required to comply with Minimum Requirement #2; Construction Stormwater 

Pollution Prevention and Minimum Requirement #4; Preservation of Natural Drainage Systems and 

Outfalls. Table 1.2 summarizes the thresholds which trigger compliance with the remaining minimum 

requirements.  

Table 1.2 – Thresholds for Minimum Requirement Applicability 

 

Required to comply with 

Minimum Requirements  

#1 through #5 & #11 

Required to comply with 

Minimum Requirements  

#1 through #11 

≥ 2,000 ft2 of new, replaced, or 

new + replaced hard surface area 
X  

≥ 7,000 ft2 land disturbing activity X  

≥ 5,000 ft2 new + replaced hard 

surface area 
 X 

Converts ≥ 0.75 acre of 

vegetation to lawn or landscape 
 X 

Coverts ≥ 2.5 acres of native 

vegetation to pasture 
 X 

This project adds 30.36 acres of impervious area; therefore, all minimum requirements apply. 

The applicable minimum requirements are: 

• Minimum Requirement #1: Preparation of Stormwater Site Plans 

• Minimum Requirement #2: Construction Stormwater Pollution Prevention 

• Minimum Requirement #3: Source Control of Pollution 

• Minimum Requirement #4: Preservation of Natural Drainage Systems and Outfalls 

• Minimum Requirement #5: On-Site Stormwater Management 

• Minimum Requirement #6: Runoff Treatment 

• Minimum Requirement #7: Flow Control 

• Minimum Requirement #8: Wetlands Protection 

• Minimum Requirement #9: Operation and Maintenance 

• Minimum Requirement #10: Financial Liability 

• Minimum Requirement #11: Off-Site Analysis 

Addressing these eleven minimum requirements, it is anticipated that the proposed project will have little 

or no adverse effects on the downstream and surrounding hydrology. Each of the minimum requirements 

is discussed below. 
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Minimum Requirement #1: Preparation of Stormwater Site Plans 

The main components of Stormwater Site Planning are Construction Stormwater Pollution Prevention 

Planning and Permanent Stormwater Control Planning. This Drainage Report, a Construction Stormwater 

Pollution Prevention Plan, Soils Report, Maintenance and Source Control Manual, and copy of the 

proposed Maintenance Covenant for stormwater facilities will be submitted as part of the Vista Views at 

Black Lake Drainage Control Plan to meet this requirement.  

Minimum Requirement #2: Construction Stormwater Pollution Prevention 

A Construction Stormwater Pollution Prevention Plan (C-SWPPP) will be developed to address erosion 

and sediment control anticipated during construction. A Construction NPDES permit will be obtained prior 

to construction. The C-SWPPP will address all thirteen elements as required by the Department of 

Ecology.  

Minimum Requirement #3: Source Control of Pollution 

Source control BMPs are used to prevent stormwater from coming in contact with pollutants and are used 

as a cost-effective means of reducing pollutants in stormwater. The selection of permanent source control 

BMPs is based on the activities likely to occur on the site and the pollutants associated with those 

activities.  

Methods to address source control of pollution from the post-developed project site will be provided in the 

Maintenance and Source Control Manual submitted as part of the Drainage Control Plan for this project. 

Construction source control BMPs will be addressed in the C-SWPPP. 

Minimum Requirement #4: Preservation of Natural Drainage Systems and 
Outfalls 

LID Development techniques will be used to preserve existing site runoff patterns to the maximum extent 

feasible. In the existing condition, stormwater runoff sheet flows from the east and southeast towards 

Wetland A. The 58th Lane Basin generally sheet flows to the east toward existing roadside ditches along 

Black Lake-Belmore Road.  

In the developed condition, Runoff generated from proposed roof areas will be infiltrated in individual 

drywells located on each lot per BMP LID T5.10A.  Runoff from the driveways, road, and landscape areas 

will flow to catch basins and will be piped to either an infiltration basin or infiltration/gallery trench.  Soil in 

the disturbed lawn/landscape areas will be amended per BMP T5.13 to increase treatment and infiltration 

capacity and to reduce runoff from the site. Stormwater runoff from the preserved native areas of the 

project will continue to sheet flow to Wetland A in the northwest corner of the property, matching existing 

conditions. 49th Avenue will be treated by a biopod or Filterra, and released to wetland A.   

A WWHM model (using 15-minute time steps) of stormwater runoff tributary to the wetland indicates a 

pre-developed 100-year flow of 7.17cfs for tributary to wetland A and 0.19 cfs tributary to existing 

roadside ditches on Black Lake Belmore Road.  Development of this site will result in 0.83 cfs runoff from 

all developed areas. 
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Minimum Requirement #5: On-Site Stormwater Management 

The 2022 DDECM summarizes the requirements for employing on-site stormwater management BMPs, 

providing treatment, and flow control in decision charts. This project proposes to satisfy Minimum 

Requirement #5 by meeting the LID Performance Standard as defined in the 2022 DDECM 

This project proposes to implement Post-Construction Soil Quality and Depth (Ecology BMP T5.13) in all 

new and disturbed lawn/landscape areas to retain greater stormwater functions, including increased 

infiltration potential and treatment of pollutants and sediments resulting from development. This project 

also proposes the use of a infiltration basin (Ecology BMP T7.10) to provide 100% infiltration.  The north 

access road and 58th Lane will discharge to infiltrate trenches and galleries (Ecology BMP T7.20) to 

infiltrate 100% of tributary stormwater runoff from the proposed improvements. 49th Avenue SW will be 

treated and released to the wetland.  

The combination of stormwater BMPs used for this project results in the site meeting the Low Impact 

Development Performance Standard as illustrated on Pages 29 and 36 of the site infiltration sizing 

Analysis WWHM report. See attached report in Appendix 1. 

The proposed improvements will retain approximately 14 acres of existing vegetation in Wetland A and its 

buffers.   

No impervious credits for new or existing trees are used in the calculations.  

Minimum Requirement #6: Runoff Treatment 

Table 1.3 – Thresholds for Minimum Requirement #6: Runoff Treatment 

 
Required 

to Comply 

< 5,000 sf of total effective pollution-generating hard surface (PGHS)  

≥ 5,000 sf of total effective pollution-generating hard surface (PGHS) X 

< ¾ acres of pollution-generating pervious surface (PGPS) from which there will be 

a surface discharge in a natural or artificial conveyance system from the site 
 

≥ ¾ acres of pollution-generating pervious surface (PGPS) from which there will be 

a surface discharge in a natural or artificial conveyance system from the site 
X 

Table 1.3 above summarizes the thresholds for construction of stormwater treatment facilities. This 

project will add 7.24 of PGHS; therefore, treatment is required.  

The proposed infiltration systems are within one quarter mile of freshwater bodies (wetland A) and 

therefore required to provide phosphorous control and enhanced treatment. This project proposes to 

provide phosphorus and enhanced treatment by using biopods followed by infiltrating 100% of stormwater 

through infiltration facilities. See further explanation of water quality facility sizing in Section 4 of this 

Drainage Report.  
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Minimum Requirement #7: Flow Control 

Table 1.4 – Thresholds for Minimum Requirement #7: Flow Control 

 
Required 

to Comply 

< ¾ acres of native vegetation converted to lawn/landscape or  

< 2.5 acres converted to pasture from which there is a surface discharge in a 

natural or artificial conveyance system from the site 

 

≥ ¾ acres of native vegetation converted to lawn/landscape or  

≥ 2.5 acres converted to pasture from which there is a surface discharge in a 

natural or artificial conveyance system from the site 

X 

< 10,000 sf of effective impervious area  

≥ 10,000 sf of effective impervious area X 

≥ 0.10 cfs increase in the 100-year storm flow frequency using 1-hour time steps or 

≥ 0.15 cfs increase in the 100-year storm flow frequency using 15-minute time 

steps 

X 

Table 1.4 above summarizes the thresholds for achievement of the standard flow control requirement for 

Western Washington. This project will add 13.46 acres of effective impervious surface. Flow control is 

required.  

This project proposes to provide flow control using infiltration basins (T7.10) and infiltration trenches and 

galleries (T7.20). See further explanation of flow control facility sizing in Section 4 of this Drainage 

Report.  

Minimum Requirement #8: Wetlands Protection 

49th Avenue Basin is the only basin with a discharge to a wetland.  The other basins, North, Middle, 

Future East and 58th Lane are all infiltrated100%.  

There is no other option than to release stormwater runoff to the existing wetland (matching existing 

conditions). This wetland has a contributing basin of >250 acres so I’m sure the impacts from these 

improvements (>0.5 ac new impervious) will not materially impact the hydroperiod (Core Req 8). I’m also 

confident that not detaining this runoff will not impact stream durations (Core Req 7). My only concern is 

that the drainage manual pretty clearly states that Category II wetlands require hydroperiod monitoring for 

an entire year to establish the hydroperiod. That feels unnecessary for such a minor improvement and I 

think there may be some wiggle room in interpretation of the DDECM that I’m hoping you’ll go with me on.  

Technically, the threshold discharge area for this project is the entire project. That is – all onsite areas 

draining to the onsite wetland A. While our development area is being mitigated with infiltration trenches 

and ponds, the frontage is still technically part of that TDA. However, the frontage improvements look like 

they will not create more than 10,000 sf of impervious area and all other onsite areas will be infiltrated 

rendering those impervious areas “ineffective”. The flow chart for determining wetland protection level 

requirements (Figure 2.4 of the DDECM) states that wetland monitoring is only required for Category II 

wetlands which trigger the thresholds for Core Requirement 7 (>10,000 sf effective impervious surface). 

Since all onsite impervious surfaces will be infiltrated (i.e. ineffective), the only effective impervious 
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surfaces on this site are those created with the frontage improvements. If we keep that under 10,000 sf, 

we should not trigger the requirement for wetlands protection. 

Minimum Requirement #9: Operation and Maintenance 

Proper operation and maintenance of proposed stormwater facilities is a vital component to the success 

of stormwater mitigation. A Maintenance and Source Control Manual and Operation and Maintenance 

Agreement will be prepared and are included as part of the Drainage Control Plan for the Vista Views at 

Black Lake project. 

Minimum Requirement #10: Financial Liability 

Financial guarantees will be provided to ensure that: 

1. The project will operate according to the design approved by the project engineer, and 

2. Operation of erosion control facilities will provide protection against siltation of surface water, 
erosion, damage to permanent stormwater BMPs, and damage to adjacent properties. 

Minimum Requirement #11: Off-Site Analysis and Mitigation 

An off-site analysis was conducted to determine any potential water quality, erosion, slope stability, or 

drainage impacts that may be caused or aggravated by the proposed improvements. This project will 

adequately treat stormwater and infiltrate 100% of developed runoff.  Downstream impacts are not 

anticipated.   

 See detailed analysis of off-site impacts in Section 3 of this report.  

Section 2 – Existing Conditions Description 

Section 2.1 Topography 

The topography of the site is level with slopes 3% or less sloping to the northwest and southwest. Two 

ditches cross the southern half of the site. Ditch A flows from east to west and Ditch B south to north. The 

two ditches drain to a pipe system along the west property line that empties into the wetland area.   

No Ravines, Gullies, Steep slopes, or Erosion hazards have been located on the site.  

Section 2.2 Ground Cover 

Most of the site is pasture with some scattered trees. The north 25% includes wetlands with trees. The 

existing site is ranching land, currently used to raise cattle. The site is mostly grassland with some trees 

and other vegetation mostly on the northern boundary. There are several fence lines running north/south 

and east/west to contain livestock. The approximate northernmost quarter of the site is a densely 

vegetated wetland with a small pond. The site is relatively flat with the exception of a ridge along the 

central eastern property boundary.      

Section 2.3 Drainage 

Site slopes to the west with 3% slopes to the farm pond and Wetland A. The south half of the site has a 

shallow ditch system connected to a culvert system draining to the north and into Wetland A. A small 

portion of the site drains to ditches along 58th Lane and to culverts under Black Lake Belmore Road.   
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Off-site drainage to the property includes the wetland area north of 49th Avenue SW flows drains to 

culverts under 49th to the south and onto the site, Wetland A. The runoff from the wetland to the north of 

49th Avenue SW combines with the flow from the site and leaves the site to the southwest. Culverts under 

Black Lake Belmore Road convey the combined runoff to the west and to Black Lake approximately 3,000 

feet to the west.  

Section 2.4 Soils 

The soils encountered by the Riley Group during field exploration include sands and gravels with variable 

silt content interpreted as glacial outwash. Silt content was generally traced to some isolated areas of silty 

sand, with some instances of dense to very dense sands and gravels, interpreted as glacial till. The 

apparent till was encountered at depths ranging from five to eight feet below the existing ground surface 

in exploration pits on the southwest portion of the site.  

Soil infiltration rate was estimated by pit testing in 9 pits. The native infiltration rates varied from 3.84 to 

27.91 inches/hour. The native rates were reduced by applying safety factors for testing, geometry and 

plugging to provide a design rate. The infiltration rate for the infiltration pond includes a geometry 

correction factor of 0.25, a testing correction factor of 0.5 and a plugging factor of 0.8. Results in an 

average design infiltration rate of 1.1 in/hr. The infiltration rate for the smaller infiltration trenches has an 

geometry factor of 1.0, testing correction of 0.5, and a plugging factor of 0.8. An average design 

infiltration rate of 4.4 in per hour.  4.0 inch per hour is used for design.  

Test Pit IMeasured Rate (in/hr) Infiltration Pond 

IDesign Rate (in/hr) 

Infiltration Trenches 

IDesign Rate (in/hr) 

IT-1 5.76 2.3 2.3 

IT-2 19.80 2.0 7.9 

IT-3 5.16 0.5 2.1 

IT-4 10.08 1.0 4.0 

IT-5 3.84 0.4 1.5 

IT-6 11.0 1.1 4.4 

IT-7 9.12 0.9 3.6 

IT-8 6.48 0.6 2.6 

IT-9 27.94 2.8 11.2 

Average Infiltration 

Rate 

- 1.1 4.4 

Use 1.1 in/hr for pond, and 4.0 for infiltration trenches 
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See Appendix 3 for a copy of the soils/geotechnical reports.  
• Pilot Infiltration Testing April 10, 2024 by Riley Group 
• Preliminary Geotechnical Engineering Report Bodenhamer Property June 13, 2023 by Riley 

Group 
• Groundwater level monitoring August 19, 2022 by Riley Group 

Section 2.5 Critical Areas 

A Critical Areas Report has been prepared by Enviro Vector and included in Appendix 3. The report 

identifies Wetlands A, B, C, and a farm pond. Wetland A is categorized as Category II wetland. Wetlands 

B and C are category IV wetlands. The farm pond is artificially constructed and is not regulated. Wetlands 

B and C will be filled as part of the project and will be compensated by enhancing and adding to Wetland 

A. 

Based on Thurston County Geo Data the site contains portions of class 1 and 2 Critical Aquifer Recharge 

areas. In addition, a portion of the northwest corner of the site lies in a 5- and 10-year Wellhead 

Protection area for the Timberlane Mobile Estates (community – source ID 8838302) 

No TMDL is mapped on the subject property by the Department of Ecology Water Quality Atlas Database. 

Black Lake located 3,000 feet to the west is included on the Washington DOE 303(d) list for phosphorus. 

Section 2.6 Adjacent Areas 

The subject site is comprised of two irregular-shaped parcels of land approximately 55 acres in size. The 

site is bound to the north by 49th Avenue Southwest, to the east and west by residential property, and to 

the south by 58th Lane Southwest. An equestrian facility, Miari Stables, occupies the land east of the site.  

Section 2.8 Reports and Studies 

The following reports and studies have been prepared for this project.  

 

• Pilot Infiltration Testing April 10, 2024 by Riley Group 
• Preliminary Geotechnical Engineering Report Bodenhamer Property June 13, 2023 by Riley 

Group 
• Groundwater level monitoring August 19, 2022 by Riley Group 
• Mazama Pocket Gopher Screening October 28, 2022 by Enviro Vector  
• Bodenhamer Property Critical Areas Report and Wetland Mitigation Plan June 29, 2023 by Enviro 

Vector.  
• Bodenhamer Property Advanced Studies Report June 14, 2023 by Enviro Vector 
• Tree Plan for Vista Views at Black Lake March 18, 2024 by Professional Forestry Services, Inc.  
• Traffic Impact Analysis Scoping Memo March 27, 2024 by Heath and Associates.  

 

Section 2.9 – Wells and Septic Systems 

Records at Thurston County and the Department of Ecology were searched in order to locate the 

presence of wells and septic systems that may be located within the setback distances from the 

bioretention cell and infiltration trenches In addition, the Project Engineer, or someone under his/her 

direct supervision, has visited the site to verify the presence or absence of wells and septic systems as 

best can be done visually without trespassing onto other properties. All wells and septic systems found to 
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be located within the setback distances from the bioretention basin and infiltration trenches have been 

shown on the plans.  

Section 2.10 – Fuel Tanks 

Records at Thurston County and the Department of Ecology were searched in order to locate the 

presence of above and below ground fuel storage tanks that may be located within the setback distances 

from the bioretention cell and infiltration trenches. In addition, the Project Engineer, or someone under 

his/her direct supervision, has visited the site to verify the presence or absence of fuel tanks as best can 

be done visually without trespassing onto other properties. All fuel tanks found to be located within the 

setback distances from the bioretention cell and infiltration trenches. have been shown on the plans.  

Section 2.11 – Analysis of 100-Year Flood 

The Federal Emergency Management Agency prepares maps for all areas within Thurston County, 

including the incorporated cities therein. Panel #53067CO280E depicts the areas, if any, subjected to 

flooding in the vicinity of this proposal. By inspection of this map, this proposal appears to be located in 

Zone X, an area of minimal flooding. This area, therefore, is not located within the 100-year flood plain. 
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Section 3 – Vicinity Analysis and Sub-Basin Description 

In the existing condition, stormwater runoff from the project site generally sheet flows from southeast to 

northwest. The flow enters Wetland A prior to flowing west under Black Lake Belmore to Black Lake. 

Another small area drains from east to west along 58th Lane. See the Existing Conditions Map on page 

12. 

The project site consists of 5 basins for stormwater modeling, North Basin, Middle Basin, Future East 

Development, 49th Avenue, and 58th Lane. The North Basin consists of the paved access to 49th Avenue 

and includes the roadside landscaping areas, Pavement, and sidewalks. 49th Avenue basin includes the 

proposed frontage improvements, roadside landscaping, sidewalk, and pavement. The Middle Basin 

includes the middle portion of the plat with side landscape areas, paved streets, sidewalks, and roof 

areas.  The Roof areas will be infiltrated in individual dry wells. The Future East Development Basin 

includes the possible platting of a parcel east of the site and includes Roads, sidewalks, landscaping, and 

roofs connected to individual dry wells. 58th Lane Basin includes the road improvements to 58th Lane, 

landscaping areas, road and sidewalks. This project proposes to use infiltration BMPs, stormwater runoff 

will infiltrate100% on-site. Runoff from pollution generating surfaces will be routed to on-site BioPod 

treatment structures sized for phosphorous and enhanced treatment improving the water quality prior to 

connection to infiltration systems. 49th Avenue Basin will be treated and released to Wetland A. The 

increases flow from the basin/site will continue to meet stream duration, due to the 100% infiltration in the 

other basins. See Basin Map on page 5. 

Offsite flows include culverts under 49th Avenue SW and flow to Wetland A. The development will not 

affect these flow as it currently flows through the wetland and buffers.  

Both Wetland A and 58th Lane TDA’s ultimately flow to Black Lake approximately 0.57 mile to the west, 

and flow through existing culverts under Black Lake Belmore Road and wetlands to Black Lake.  58th lane 

roadside ditches drain to ditches along Black Lake Belmore to culverts and then wetlands to Black Lake.  

WWHM model “Site Analysis” shows the pre-developed discharge from the site is 7.17 cfs to Wetland A 

and 0.19 cfs for 58th Lane for the 100-year flow. The 100-year developed site runoff flow rate is expected 

to be 0.83 cfs. 100% infiltration will be provided by North, Middle, and Future East Development. 49th 

basin will discharge to Wetland A.  Proposed development will make no changes to the downstream 

existing conditions other than reducing the flow. There are no known conveyance system capacity issues, 

flooding issues, erosion hazards, or water quality standards violations which will be aggravated by the 

proposed development. 
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Section 4 – Flow Control and Water Quality Facility Sizing 

Table 4.1 – Infiltration Basin Stage-Storage Table 

Storm Recurrence 

Interval 

Stage (ft) 
Storage (ac-ft) 

Depth  Elevation 

2-Year 0.0567 160.06 0.072239 

5-Year 0.1206 160.12 0.155828 

10-Year 0.1864 160.19 0.243297 

25-Year 0.3064 160.31 0.540580 

50-Year 0.4300 160.43 0.582316 

100-Year 0.5905 160.59 0.818846 

 

Table 4.1 – North Infiltration Gallery Stage-Storage Table 

Storm Recurrence 

Interval 

Stage (ft) 
Storage (ac-ft) 

Depth  Elevation 

2-Year 0.25 148.25 0.004298 

5-Year 0.63 148.48 0.013017 

10-Year 1.07 149.07 0.022107 

25-Year 1.90 149.57 0.020296 

50-Year 2.81 150.40 0.039256 

100-Year 4.00 151.55 0.082645 

 

Table 4.1 – 58th Lane Infiltration Trench Stage-Storage Table 

Storm Recurrence 

Interval 

Stage (ft) 
Storage (ac-ft) 

Depth  Elevation 

2-Year 0.19 158.19 0.003751 

5-Year 0.54 158.54 0.010611 

10-Year 0.94 158.94 0.018558 

25-Year 1.77 159.77 0.034945 

50-Year 2.71 160.71 0.053504 

100-Year 4.00 162.00  0.078972 

 

Water Quality Treatment Facility Sizing 

This project generates more than 5,000 square feet of pollution-generating hard surfaces and is therefore 

required to provide stormwater runoff treatment.  
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BMP and Facility Selection Process per Volume I Chapter 4 of the drainage manual.  

Step 1) Determine and read the applicable Minimum requirements. Section one of this report provides the 

analysis of the Minimum requirements. 

Step 2) Select Source Control BMPs. Review of the Drainage Manual Volume IV indicates the following 

recommendations to provide source control in a residential development.  Applicable source control 

BMPs will be provided in the Stormwater Maintenance and Operations Manual.  

Step 3) Determine threshold discharge areas and applicable requirements for treatment, flow control and 

wetlands protection. Section one of this report discusses the threshold areas and applicable requirements 

for each threshold area. Basin Map shows the threshold discharge areas and Table 1.1 Area Summary 

(page 6) provides the hard surface area for each sub-basin. 

Step 4) Select flow Control BMPs and Facilities. As discussed in Section 2.4 soils, infiltration is possible 

but can not provide treatment. An infiltration at rate of 4.4 inch per hour was used for sizing calculations. 

North Basin has limited area, so infiltration gallery is proposed. Middle Basin will be routed to a infiltration 

basin. 58th Basin has limited area and will be routed to an infiltration trench. 

Step 5a) Determine the receiving waters and pollutants of concern based on offsite analysis. Wetland A 

and Black Lake approximately 3,000 feet to the west is the receiving waters and is listed as a 303d for 

phosphorus. The proximity of Wetland A requires phosphorus control. The northwest corner of the site 

crosses the well head protection radius. This area is within the wetland buffers and no development or 

storm facilities are planned in this area.  

Step 5b) Determine whether the facility will be city owned or privately owned. All storm facilities will be in 

tracts owned by the homeowner’s association.   

Step 5c) Determine whether an oil control facility/device is required. The project is residential (single 

family) and does not meet the high use criteria. No oil control required.   

Step 5d) Determine whether infiltration for pollutant removal is practicable. Section 2.4 Soils describes the 

soils and the soils reports in Appendix 3 show that the soils are unable to provide treatment due to high 

native infiltration rates.   

Use BioPods with infiltration basin and trenches for the North, 54th basins, and 49th basin. See Flow 

Control Facility Sizing for sizing of infiltration basin (100% treatment) and infiltration trench/gallery sizing.  

BioPod sizing - The BioPod is sized according to the Department of Ecology TAPE guidance.    

The proposed total development area draining to each of the BioPods has been used in WWHM to 

calculate stormwater runoff for sizing the BioPod treatment structure. The outcome form WWHM shows 

the standard offline water quality flow rate and the BioPod water quality design hydraulic rates for 

enhanced treatment provided by DOE is 1.6 gallons per minute (gpm) per square foot (sf). For systems 

with drain down outlet the flow rates multiplied by 1.05 for sizing the BioPod treatment structure. See the 

attached WWHM report and the DOE BioPod sizing guidance in Appendix 1. 

Treatment WWHM 2012 (version 4.2.19) modeling in Appendix 1 using the most current precipitation for 

15 min steps. Pre and post development drainage basins are included in the model. Pre-developed 

conditions are modeled as forested. Digital copies of the WWHM 2012 version 4.2.19 are included in 

Appendix 1 
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Treatment Facility Sizing Summary: 

Bio Pod 
Treatment Flow 

Rate (cfs) 
Multiplier GPM Required SF 

North 0.0395 1.05 18.62 11.6 

Middle and 

Future 
1.2756 1.05 601.16 375.7 

49th Ave Basin 0.0795 1.05 37.47 23.4 

58th Lane 0.0682 1.05 32.14 20.0 

Provide 4 ft by 6 ft BioPod treatment structures with internal by pass for North and 58th Lane; 49th 

Avenue a 4x8 unit, and Middle and future provide two 10ft by 24ft bio pods.  

Note: The 4 ft by 6 ft unit provides 4 ft x 5 ft = 20 ft2 of treatment area.  A 4x8 unit provides = 24 ft2; Middle 

and Future 10 ft x 25 ft = 200 ft2 each.  

Flow Control Facility Sizing 

This project generates more than 10,000 square feet of effective hard surfaces and is therefore required 

to provide flow control. 

Infiltration Basin and infiltration trenches 
The areas used to size the infiltration basin are provided in Table 1.1 and WWHM analysis in Appendix 1. 
The facilities will meet Core Requirement 7 by providing 100% infiltration. WWHM analyses are included 
in Appendix 1. The infiltration systems were designed using an infiltration rate of 1.1 inch per hour for 
infiltration pond and 4.0 inch per hour for the infiltration trenches. See Section 2.4 Soils for calculation of 
the infiltration rate.  

Section 5 – Aesthetic Considerations for Facilities 

All above ground stormwater facilities will be hydroseeded upon completion. Additional landscaping shall 

also be provided throughout the project in conformance with the approved landscaping and tree 

restoration plan, as applicable, and as otherwise required by the approving authority.  

Signage provided by the City of Tumwater will be installed for all aboveground stormwater facilities and 

stormwater facilities located within development tracts B, D1, F and O.  

Section 6 – Conveyance System Analysis and Design 

Conveyance will be sized to convey the 25-year 24-hour storm per the 2022 DDECM.  Conveyance 
calculations will be provided with permit submittal. 

Section 7 – Covenants, Dedications and Easement 

All stormwater facilities located on private property shall be owned, operated and maintained by the 

property owners, their heirs, successors and assigns. The property owners shall enter into an agreement 
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with the governing body, a copy of which agreement will be included in the Maintenance and Source 

Control Manual of the Drainage Control Plan. The agreement requires maintenance of the stormwater 

facilities in accordance with the maintenance plan provided and shall grant easement for access to the 

governing body to inspect the stormwater facilities. The agreement also makes provisions for the 

governing body to make repairs, after due notice is given to the owners, if repairs are necessary to 

ensure proper performance of the stormwater system and if the owners fail to make the necessary 

repairs. The cost of said repairs shall be borne by the property owners, their heirs, successors and 

assigns. 

Section 8 – Agreements and Guarantees 

The property owner is required to enter into a Stormwater Maintenance Agreement to maintain 

stormwater facilities and implement a Pollution Source Control Plan. A copy of the maintenance 

agreement is included in the Maintenance and Source Control Manual. 

The owner is required to provide a financial guarantee to the Administrator to ensure satisfactory 

maintenance of drainage facilities for a minimum of 2 years from final plat acceptance or acceptance of 

the project, whichever is later. The guarantee shall be 15 percent of the construction cost of the drainage 

facilities.  

Section 9 – Other Permits or Conditions Place on the Project 

This section should provide the title of any other necessary permits, the agencies requiring the other 

permits, and identify the permit requirements that affect the project. Additional agencies that may require 

permits for projects include but are not limited to: 

City of Tumwater Right-of-Way Access Permit 

City of Tumwater Wetland Development Permit 

City of Tumwater Building Permit 
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APPENDIX 1  – Design Calculations 
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General Model Information
WWHM2012 Project Name: Site Infiltration Sizing

Site Name:

Site Address:

City:

Report Date: 8/6/2024

Gage: Courthouse

Data Start: 1955/10/01

Data End: 2011/09/30

Timestep: 15 Minute

Precip Scale: 1.000

Version Date: 2023/01/27

Version: 4.2.19

POC Thresholds

Low  Flow Threshold for POC1: 50 Percent of the 2 Year

High Flow Threshold for POC1: 50 Year

Low  Flow Threshold for POC2: 50 Percent of the 2 Year

High Flow Threshold for POC2: 50 Year
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Landuse Basin Data
Predeveloped Land Use

Middle
Bypass: No

GroundWater: No

Pervious Land Use acre
 C, Forest, Flat     37.84

 Pervious Total 37.84

Impervious Land Use acre

 Impervious Total 0

 Basin Total 37.84
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Future East devlopment
Bypass: No

GroundWater: No

Pervious Land Use acre
 C, Forest, Flat     8.86

 Pervious Total 8.86

Impervious Land Use acre

 Impervious Total 0

 Basin Total 8.86
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North Entrance 
Bypass: No

GroundWater: No

Pervious Land Use acre
 C, Forest, Flat     0.78

 Pervious Total 0.78

Impervious Land Use acre

 Impervious Total 0

 Basin Total 0.78
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58th Lane
Bypass: No

GroundWater: No

Pervious Land Use acre
 C, Forest, Flat     1.29

 Pervious Total 1.29

Impervious Land Use acre

 Impervious Total 0

 Basin Total 1.29
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49th avenue
Bypass: No

GroundWater: No

Pervious Land Use acre
 C, Forest, Flat     0.5

 Pervious Total 0.5

Impervious Land Use acre

 Impervious Total 0

 Basin Total 0.5
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Mitigated Land Use

Middle
Bypass: No

GroundWater: No

Pervious Land Use acre
  A B IMP INF FLAT   11.1
 C, Pasture, Flat    15.48

 Pervious Total 26.58

Impervious Land Use acre
 ROADS FLAT         5.45
 DRIVEWAYS FLAT     1.71
 SIDEWALKS FLAT     1.65
 POND               2.45

 Impervious Total 11.26

 Basin Total 37.84
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future development
Bypass: No

GroundWater: No

Pervious Land Use acre
 C, Pasture, Flat    4.74
  A B IMP INF FLAT   2.33

 Pervious Total 7.07

Impervious Land Use acre
 ROADS FLAT         1.08
 DRIVEWAYS FLAT     0.36
 SIDEWALKS FLAT     0.35

 Impervious Total 1.79

 Basin Total 8.86
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North Entrance 
Bypass: No

GroundWater: No

Pervious Land Use acre
 C, Pasture, Flat    0.43

 Pervious Total 0.43

Impervious Land Use acre
 ROADS FLAT         0.26
 SIDEWALKS FLAT     0.09

 Impervious Total 0.35

 Basin Total 0.78
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south
Bypass: No

GroundWater: No

Pervious Land Use acre
 C, Pasture, Flat    0.69

 Pervious Total 0.69

Impervious Land Use acre
 ROADS FLAT         0.46
 SIDEWALKS FLAT     0.14

 Impervious Total 0.6

 Basin Total 1.29
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Basin  5
Bypass: Yes

GroundWater: No

Pervious Land Use acre
 C, Pasture, Flat    0.1

 Pervious Total 0.1

Impervious Land Use acre
 ROADS FLAT         0.3
 SIDEWALKS FLAT     0.1

 Impervious Total 0.4

 Basin Total 0.5
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Routing Elements
Predeveloped Routing
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Mitigated Routing

infiltration pond
Bottom Length: 956.29 ft.
Bottom Width: 100.00 ft.
Depth: 3 ft.
Volume at riser head: 4.6391 acre-feet.
Infiltration On
Infiltration rate: 1.1
Infiltration safety factor: 1
Wetted surface area On 
Total Volume Infiltrated (ac-ft.): 0
Total Volume Through Riser (ac-ft.): 0
Total Volume Through Facility (ac-ft.): 0
Percent Infiltrated: 0
Total Precip Applied to Facility: 494.999
Total Evap From Facility: 54.203
Side slope 1: 3 To 1
Side slope 2: 2 To 1
Side slope 3: 2.1 To 1
Side slope 4: 3 To 1
Discharge Structure
Riser Height: 2 ft.
Riser Diameter: 48 in.
Element Flows To:
Outlet 1 Outlet 2

              Pond Hydraulic Table

Stage(feet) Area(ac.) Volume(ac-ft.) Discharge(cfs) Infilt(cfs)
0.0000 2.195 0.000 0.000 0.000
0.0333 2.199 0.073 0.000 2.439
0.0667 2.203 0.146 0.000 2.444
0.1000 2.207 0.220 0.000 2.448
0.1333 2.211 0.293 0.000 2.453
0.1667 2.215 0.367 0.000 2.457
0.2000 2.220 0.441 0.000 2.462
0.2333 2.224 0.515 0.000 2.467
0.2667 2.228 0.589 0.000 2.471
0.3000 2.232 0.664 0.000 2.476
0.3333 2.236 0.738 0.000 2.480
0.3667 2.240 0.813 0.000 2.485
0.4000 2.244 0.888 0.000 2.489
0.4333 2.248 0.962 0.000 2.494
0.4667 2.253 1.038 0.000 2.499
0.5000 2.257 1.113 0.000 2.503
0.5333 2.261 1.188 0.000 2.508
0.5667 2.265 1.263 0.000 2.512
0.6000 2.269 1.339 0.000 2.517
0.6333 2.273 1.415 0.000 2.522
0.6667 2.277 1.491 0.000 2.526
0.7000 2.282 1.567 0.000 2.531
0.7333 2.286 1.643 0.000 2.535
0.7667 2.290 1.719 0.000 2.540
0.8000 2.294 1.795 0.000 2.544
0.8333 2.298 1.872 0.000 2.549
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0.8667 2.302 1.949 0.000 2.554
0.9000 2.306 2.025 0.000 2.558
0.9333 2.311 2.102 0.000 2.563
0.9667 2.315 2.180 0.000 2.568
1.0000 2.319 2.257 0.000 2.572
1.0333 2.323 2.334 0.000 2.577
1.0667 2.327 2.412 0.000 2.581
1.1000 2.331 2.489 0.000 2.586
1.1333 2.336 2.567 0.000 2.591
1.1667 2.340 2.645 0.000 2.595
1.2000 2.344 2.723 0.000 2.600
1.2333 2.348 2.801 0.000 2.604
1.2667 2.352 2.880 0.000 2.609
1.3000 2.356 2.958 0.000 2.614
1.3333 2.361 3.037 0.000 2.618
1.3667 2.365 3.116 0.000 2.623
1.4000 2.369 3.195 0.000 2.628
1.4333 2.373 3.274 0.000 2.632
1.4667 2.377 3.353 0.000 2.637
1.5000 2.381 3.432 0.000 2.641
1.5333 2.386 3.512 0.000 2.646
1.5667 2.390 3.591 0.000 2.651
1.6000 2.394 3.671 0.000 2.655
1.6333 2.398 3.751 0.000 2.660
1.6667 2.402 3.831 0.000 2.665
1.7000 2.406 3.911 0.000 2.669
1.7333 2.411 3.991 0.000 2.674
1.7667 2.415 4.072 0.000 2.678
1.8000 2.419 4.152 0.000 2.683
1.8333 2.423 4.233 0.000 2.688
1.8667 2.427 4.314 0.000 2.692
1.9000 2.432 4.395 0.000 2.697
1.9333 2.436 4.476 0.000 2.702
1.9667 2.440 4.557 0.000 2.706
2.0000 2.444 4.639 0.000 2.711
2.0333 2.448 4.720 0.258 2.716
2.0667 2.453 4.802 0.730 2.720
2.1000 2.457 4.884 1.341 2.725
2.1333 2.461 4.966 2.065 2.730
2.1667 2.465 5.048 2.885 2.734
2.2000 2.469 5.130 3.791 2.739
2.2333 2.473 5.212 4.775 2.744
2.2667 2.478 5.295 5.831 2.748
2.3000 2.482 5.378 6.953 2.753
2.3333 2.486 5.461 8.137 2.758
2.3667 2.490 5.543 9.378 2.762
2.4000 2.495 5.627 10.67 2.767
2.4333 2.499 5.710 12.01 2.772
2.4667 2.503 5.793 13.40 2.776
2.5000 2.507 5.877 14.83 2.781
2.5333 2.511 5.960 16.30 2.786
2.5667 2.516 6.044 17.81 2.790
2.6000 2.520 6.128 19.35 2.795
2.6333 2.524 6.212 20.91 2.800
2.6667 2.528 6.296 22.51 2.804
2.7000 2.532 6.381 24.12 2.809
2.7333 2.537 6.465 25.75 2.814
2.7667 2.541 6.550 27.39 2.818



Site Infiltration Sizing 8/6/2024 8:19:31 AM Page 16

2.8000 2.545 6.635 29.04 2.823
2.8333 2.549 6.720 30.70 2.828
2.8667 2.554 6.805 32.36 2.832
2.9000 2.558 6.890 34.02 2.837
2.9333 2.562 6.975 35.68 2.842
2.9667 2.566 7.061 37.32 2.846
3.0000 2.570 7.146 38.96 2.851
3.0333 2.575 7.232 40.58 2.856
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North Entrance infiltration
Bottom Length: 138.00 ft.
Bottom Width: 10.00 ft.
Trench bottom slope  1: 0 To 1
Trench Left side slope  0: 0 To 1
Trench right side slope  2: 0 To 1
Material thickness of first layer: 5
Pour Space of material for first layer: 0.4
Material thickness of second layer: 0
Pour Space of material for second layer: 0
Material thickness of third layer: 0
Pour Space of material for third layer: 0
Infiltration On
Infiltration rate: 4
Infiltration safety factor: 1
Wetted surface area On
Total Volume Infiltrated (ac-ft.): 107.696
Total Volume Through Riser (ac-ft.): 0
Total Volume Through Facility (ac-ft.): 107.696
Percent Infiltrated: 100
Total Precip Applied to Facility: 0
Total Evap From Facility: 0
Discharge Structure
Riser Height: 4 ft.
Riser Diameter: 12 in.
Element Flows To:
Outlet 1 Outlet 2

              Gravel Trench Bed Hydraulic Table

Stage(feet) Area(ac.) Volume(ac-ft.) Discharge(cfs) Infilt(cfs)
0.0000 0.031 0.000 0.000 0.000
0.0556 0.031 0.000 0.000 0.127
0.1111 0.031 0.001 0.000 0.127
0.1667 0.031 0.002 0.000 0.127
0.2222 0.031 0.002 0.000 0.127
0.2778 0.031 0.003 0.000 0.127
0.3333 0.031 0.004 0.000 0.127
0.3889 0.031 0.004 0.000 0.127
0.4444 0.031 0.005 0.000 0.127
0.5000 0.031 0.006 0.000 0.127
0.5556 0.031 0.007 0.000 0.127
0.6111 0.031 0.007 0.000 0.127
0.6667 0.031 0.008 0.000 0.127
0.7222 0.031 0.009 0.000 0.127
0.7778 0.031 0.009 0.000 0.127
0.8333 0.031 0.010 0.000 0.127
0.8889 0.031 0.011 0.000 0.127
0.9444 0.031 0.012 0.000 0.127
1.0000 0.031 0.012 0.000 0.127
1.0556 0.031 0.013 0.000 0.127
1.1111 0.031 0.014 0.000 0.127
1.1667 0.031 0.014 0.000 0.127
1.2222 0.031 0.015 0.000 0.127
1.2778 0.031 0.016 0.000 0.127
1.3333 0.031 0.016 0.000 0.127
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1.3889 0.031 0.017 0.000 0.127
1.4444 0.031 0.018 0.000 0.127
1.5000 0.031 0.019 0.000 0.127
1.5556 0.031 0.019 0.000 0.127
1.6111 0.031 0.020 0.000 0.127
1.6667 0.031 0.021 0.000 0.127
1.7222 0.031 0.021 0.000 0.127
1.7778 0.031 0.022 0.000 0.127
1.8333 0.031 0.023 0.000 0.127
1.8889 0.031 0.023 0.000 0.127
1.9444 0.031 0.024 0.000 0.127
2.0000 0.031 0.025 0.000 0.127
2.0556 0.031 0.026 0.000 0.127
2.1111 0.031 0.026 0.000 0.127
2.1667 0.031 0.027 0.000 0.127
2.2222 0.031 0.028 0.000 0.127
2.2778 0.031 0.028 0.000 0.127
2.3333 0.031 0.029 0.000 0.127
2.3889 0.031 0.030 0.000 0.127
2.4444 0.031 0.031 0.000 0.127
2.5000 0.031 0.031 0.000 0.127
2.5556 0.031 0.032 0.000 0.127
2.6111 0.031 0.033 0.000 0.127
2.6667 0.031 0.033 0.000 0.127
2.7222 0.031 0.034 0.000 0.127
2.7778 0.031 0.035 0.000 0.127
2.8333 0.031 0.035 0.000 0.127
2.8889 0.031 0.036 0.000 0.127
2.9444 0.031 0.037 0.000 0.127
3.0000 0.031 0.038 0.000 0.127
3.0556 0.031 0.038 0.000 0.127
3.1111 0.031 0.039 0.000 0.127
3.1667 0.031 0.040 0.000 0.127
3.2222 0.031 0.040 0.000 0.127
3.2778 0.031 0.041 0.000 0.127
3.3333 0.031 0.042 0.000 0.127
3.3889 0.031 0.042 0.000 0.127
3.4444 0.031 0.043 0.000 0.127
3.5000 0.031 0.044 0.000 0.127
3.5556 0.031 0.045 0.000 0.127
3.6111 0.031 0.045 0.000 0.127
3.6667 0.031 0.046 0.000 0.127
3.7222 0.031 0.047 0.000 0.127
3.7778 0.031 0.047 0.000 0.127
3.8333 0.031 0.048 0.000 0.127
3.8889 0.031 0.049 0.000 0.127
3.9444 0.031 0.050 0.000 0.127
4.0000 0.031 0.050 0.000 0.127
4.0556 0.031 0.051 0.138 0.127
4.1111 0.031 0.052 0.389 0.127
4.1667 0.031 0.052 0.703 0.127
4.2222 0.031 0.053 1.046 0.127
4.2778 0.031 0.054 1.383 0.127
4.3333 0.031 0.054 1.683 0.127
4.3889 0.031 0.055 1.921 0.127
4.4444 0.031 0.056 2.088 0.127
4.5000 0.031 0.057 2.203 0.127
4.5556 0.031 0.057 2.347 0.127
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4.6111 0.031 0.058 2.462 0.127
4.6667 0.031 0.059 2.571 0.127
4.7222 0.031 0.059 2.676 0.127
4.7778 0.031 0.060 2.777 0.127
4.8333 0.031 0.061 2.875 0.127
4.8889 0.031 0.062 2.969 0.127
4.9444 0.031 0.062 3.060 0.127
5.0000 0.031 0.063 3.149 0.127
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South infiltration Trench
Bottom Length: 190.00 ft.
Bottom Width: 12.00 ft.
Trench bottom slope  1: 0 To 1
Trench Left side slope  0: 0 To 1
Trench right side slope  2: 0 To 1
Material thickness of first layer: 5
Pour Space of material for first layer: 0.4
Material thickness of second layer: 0
Pour Space of material for second layer: 0
Material thickness of third layer: 0
Pour Space of material for third layer: 0
Infiltration On
Infiltration rate: 4
Infiltration safety factor: 1
Wetted surface area On
Total Volume Infiltrated (ac-ft.): 180.572
Total Volume Through Riser (ac-ft.): 0
Total Volume Through Facility (ac-ft.): 180.572
Percent Infiltrated: 100
Total Precip Applied to Facility: 0
Total Evap From Facility: 0
Discharge Structure
Riser Height: 4 ft.
Riser Diameter: 12 in.
Element Flows To:
Outlet 1 Outlet 2

              Gravel Trench Bed Hydraulic Table

Stage(feet) Area(ac.) Volume(ac-ft.) Discharge(cfs) Infilt(cfs)
0.0000 0.052 0.000 0.000 0.000
0.0556 0.052 0.001 0.000 0.211
0.1111 0.052 0.002 0.000 0.211
0.1667 0.052 0.003 0.000 0.211
0.2222 0.052 0.004 0.000 0.211
0.2778 0.052 0.005 0.000 0.211
0.3333 0.052 0.007 0.000 0.211
0.3889 0.052 0.008 0.000 0.211
0.4444 0.052 0.009 0.000 0.211
0.5000 0.052 0.010 0.000 0.211
0.5556 0.052 0.011 0.000 0.211
0.6111 0.052 0.012 0.000 0.211
0.6667 0.052 0.014 0.000 0.211
0.7222 0.052 0.015 0.000 0.211
0.7778 0.052 0.016 0.000 0.211
0.8333 0.052 0.017 0.000 0.211
0.8889 0.052 0.018 0.000 0.211
0.9444 0.052 0.019 0.000 0.211
1.0000 0.052 0.020 0.000 0.211
1.0556 0.052 0.022 0.000 0.211
1.1111 0.052 0.023 0.000 0.211
1.1667 0.052 0.024 0.000 0.211
1.2222 0.052 0.025 0.000 0.211
1.2778 0.052 0.026 0.000 0.211
1.3333 0.052 0.027 0.000 0.211
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1.3889 0.052 0.029 0.000 0.211
1.4444 0.052 0.030 0.000 0.211
1.5000 0.052 0.031 0.000 0.211
1.5556 0.052 0.032 0.000 0.211
1.6111 0.052 0.033 0.000 0.211
1.6667 0.052 0.034 0.000 0.211
1.7222 0.052 0.036 0.000 0.211
1.7778 0.052 0.037 0.000 0.211
1.8333 0.052 0.038 0.000 0.211
1.8889 0.052 0.039 0.000 0.211
1.9444 0.052 0.040 0.000 0.211
2.0000 0.052 0.041 0.000 0.211
2.0556 0.052 0.043 0.000 0.211
2.1111 0.052 0.044 0.000 0.211
2.1667 0.052 0.045 0.000 0.211
2.2222 0.052 0.046 0.000 0.211
2.2778 0.052 0.047 0.000 0.211
2.3333 0.052 0.048 0.000 0.211
2.3889 0.052 0.050 0.000 0.211
2.4444 0.052 0.051 0.000 0.211
2.5000 0.052 0.052 0.000 0.211
2.5556 0.052 0.053 0.000 0.211
2.6111 0.052 0.054 0.000 0.211
2.6667 0.052 0.055 0.000 0.211
2.7222 0.052 0.057 0.000 0.211
2.7778 0.052 0.058 0.000 0.211
2.8333 0.052 0.059 0.000 0.211
2.8889 0.052 0.060 0.000 0.211
2.9444 0.052 0.061 0.000 0.211
3.0000 0.052 0.062 0.000 0.211
3.0556 0.052 0.064 0.000 0.211
3.1111 0.052 0.065 0.000 0.211
3.1667 0.052 0.066 0.000 0.211
3.2222 0.052 0.067 0.000 0.211
3.2778 0.052 0.068 0.000 0.211
3.3333 0.052 0.069 0.000 0.211
3.3889 0.052 0.071 0.000 0.211
3.4444 0.052 0.072 0.000 0.211
3.5000 0.052 0.073 0.000 0.211
3.5556 0.052 0.074 0.000 0.211
3.6111 0.052 0.075 0.000 0.211
3.6667 0.052 0.076 0.000 0.211
3.7222 0.052 0.077 0.000 0.211
3.7778 0.052 0.079 0.000 0.211
3.8333 0.052 0.080 0.000 0.211
3.8889 0.052 0.081 0.000 0.211
3.9444 0.052 0.082 0.000 0.211
4.0000 0.052 0.083 0.000 0.211
4.0556 0.052 0.084 0.138 0.211
4.1111 0.052 0.086 0.389 0.211
4.1667 0.052 0.087 0.703 0.211
4.2222 0.052 0.088 1.046 0.211
4.2778 0.052 0.089 1.383 0.211
4.3333 0.052 0.090 1.683 0.211
4.3889 0.052 0.091 1.921 0.211
4.4444 0.052 0.093 2.088 0.211
4.5000 0.052 0.094 2.203 0.211
4.5556 0.052 0.095 2.347 0.211
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4.6111 0.052 0.096 2.462 0.211
4.6667 0.052 0.097 2.571 0.211
4.7222 0.052 0.098 2.676 0.211
4.7778 0.052 0.100 2.777 0.211
4.8333 0.052 0.101 2.875 0.211
4.8889 0.052 0.102 2.969 0.211
4.9444 0.052 0.103 3.060 0.211
5.0000 0.052 0.104 3.149 0.211
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Analysis Results
POC 1

+ Predeveloped x Mitigated

Predeveloped Landuse Totals for POC #1
Total Pervious Area: 47.98
Total Impervious Area: 0

Mitigated Landuse Totals for POC #1
Total Pervious Area: 34.18
Total Impervious Area: 13.8

Flow Frequency Method: Log Pearson Type III 17B

Flow Frequency Return Periods for Predeveloped.  POC #1
Return Period Flow(cfs)
2 year 2.327226
5 year 3.829205
10 year 4.768173
25 year 5.852677
50 year 6.581645
100 year 7.245111

Flow Frequency Return Periods for Mitigated.  POC #1
Return Period Flow(cfs)
2 year 0.175508
5 year 0.280142
10 year 0.372672
25 year 0.521897
50 year 0.660699
100 year 0.827101

Annual Peaks
Annual Peaks for Predeveloped and Mitigated.  POC #1
Year Predeveloped Mitigated
1956 2.447 0.142
1957 4.424 0.263
1958 1.915 0.169
1959 1.818 0.170
1960 6.488 0.377
1961 2.112 0.135
1962 0.842 0.141
1963 4.691 0.298
1964 2.164 0.179
1965 2.059 0.168
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1966 1.229 0.127
1967 3.902 0.256
1968 2.623 0.146
1969 1.146 0.125
1970 1.928 0.124
1971 2.473 0.143
1972 7.265 0.241
1973 2.172 0.160
1974 2.367 0.221
1975 1.249 0.159
1976 2.717 0.157
1977 0.665 0.245
1978 1.869 0.176
1979 1.876 0.214
1980 2.088 0.155
1981 3.288 0.228
1982 1.809 0.231
1983 3.037 0.328
1984 6.138 0.246
1985 0.947 0.211
1986 3.625 0.165
1987 2.936 0.155
1988 1.500 0.125
1989 1.651 0.120
1990 3.543 0.242
1991 6.406 3.087
1992 2.352 0.183
1993 1.293 0.147
1994 1.148 0.161
1995 3.232 0.167
1996 4.809 0.252
1997 0.236 0.060
1998 0.382 0.065
1999 2.408 0.177
2000 1.694 0.199
2001 0.688 0.161
2002 3.224 0.183
2003 1.894 0.161
2004 4.806 0.395
2005 2.213 0.152
2006 2.920 0.173
2007 2.502 0.213
2008 4.072 0.189
2009 2.975 0.288
2010 0.872 0.161
2011 2.689 0.164

Ranked Annual Peaks
Ranked Annual Peaks for Predeveloped and Mitigated.  POC #1
Rank Predeveloped Mitigated
1 7.2653 3.0865
2 6.4882 0.3948
3 6.4059 0.3767
4 6.1381 0.3284
5 4.8088 0.2980
6 4.8057 0.2879
7 4.6914 0.2626
8 4.4239 0.2558
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9 4.0715 0.2516
10 3.9019 0.2465
11 3.6246 0.2452
12 3.5425 0.2419
13 3.2881 0.2413
14 3.2316 0.2309
15 3.2243 0.2285
16 3.0366 0.2212
17 2.9754 0.2137
18 2.9364 0.2128
19 2.9204 0.2113
20 2.7168 0.1986
21 2.6890 0.1892
22 2.6232 0.1828
23 2.5024 0.1826
24 2.4732 0.1787
25 2.4468 0.1770
26 2.4076 0.1763
27 2.3670 0.1727
28 2.3519 0.1698
29 2.2129 0.1689
30 2.1721 0.1675
31 2.1638 0.1672
32 2.1119 0.1650
33 2.0883 0.1640
34 2.0588 0.1615
35 1.9277 0.1611
36 1.9145 0.1610
37 1.8943 0.1605
38 1.8758 0.1603
39 1.8692 0.1586
40 1.8176 0.1572
41 1.8088 0.1554
42 1.6943 0.1553
43 1.6508 0.1520
44 1.5003 0.1472
45 1.2926 0.1460
46 1.2489 0.1431
47 1.2287 0.1417
48 1.1478 0.1407
49 1.1458 0.1346
50 0.9475 0.1271
51 0.8718 0.1250
52 0.8424 0.1250
53 0.6884 0.1239
54 0.6650 0.1202
55 0.3815 0.0647
56 0.2363 0.0600
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Duration Flows
The Facility PASSED

Flow(cfs) Predev Mit Percentage Pass/Fail
1.1636 21482 10 0 Pass
1.2183 19200 9 0 Pass
1.2731 17018 9 0 Pass
1.3278 15072 9 0 Pass
1.3825 13476 9 0 Pass
1.4373 12182 9 0 Pass
1.4920 11063 9 0 Pass
1.5467 9987 9 0 Pass
1.6014 8976 8 0 Pass
1.6562 8104 7 0 Pass
1.7109 7322 7 0 Pass
1.7656 6615 7 0 Pass
1.8203 5952 7 0 Pass
1.8751 5355 7 0 Pass
1.9298 4893 7 0 Pass
1.9845 4453 7 0 Pass
2.0393 4025 7 0 Pass
2.0940 3646 6 0 Pass
2.1487 3318 5 0 Pass
2.2034 3024 5 0 Pass
2.2582 2794 5 0 Pass
2.3129 2594 5 0 Pass
2.3676 2372 5 0 Pass
2.4223 2148 5 0 Pass
2.4771 1966 5 0 Pass
2.5318 1816 5 0 Pass
2.5865 1708 3 0 Pass
2.6413 1601 3 0 Pass
2.6960 1482 3 0 Pass
2.7507 1369 3 0 Pass
2.8054 1260 3 0 Pass
2.8602 1143 3 0 Pass
2.9149 1034 3 0 Pass
2.9696 945 1 0 Pass
3.0244 852 1 0 Pass
3.0791 785 1 0 Pass
3.1338 714 0 0 Pass
3.1885 634 0 0 Pass
3.2433 575 0 0 Pass
3.2980 535 0 0 Pass
3.3527 498 0 0 Pass
3.4074 461 0 0 Pass
3.4622 404 0 0 Pass
3.5169 381 0 0 Pass
3.5716 355 0 0 Pass
3.6264 333 0 0 Pass
3.6811 310 0 0 Pass
3.7358 290 0 0 Pass
3.7905 275 0 0 Pass
3.8453 261 0 0 Pass
3.9000 247 0 0 Pass
3.9547 230 0 0 Pass
4.0094 214 0 0 Pass
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4.0642 196 0 0 Pass
4.1189 173 0 0 Pass
4.1736 156 0 0 Pass
4.2284 138 0 0 Pass
4.2831 124 0 0 Pass
4.3378 115 0 0 Pass
4.3925 100 0 0 Pass
4.4473 92 0 0 Pass
4.5020 87 0 0 Pass
4.5567 82 0 0 Pass
4.6115 79 0 0 Pass
4.6662 76 0 0 Pass
4.7209 72 0 0 Pass
4.7756 71 0 0 Pass
4.8304 66 0 0 Pass
4.8851 63 0 0 Pass
4.9398 62 0 0 Pass
4.9945 60 0 0 Pass
5.0493 58 0 0 Pass
5.1040 55 0 0 Pass
5.1587 54 0 0 Pass
5.2135 52 0 0 Pass
5.2682 50 0 0 Pass
5.3229 48 0 0 Pass
5.3776 46 0 0 Pass
5.4324 44 0 0 Pass
5.4871 41 0 0 Pass
5.5418 37 0 0 Pass
5.5965 34 0 0 Pass
5.6513 32 0 0 Pass
5.7060 31 0 0 Pass
5.7607 29 0 0 Pass
5.8155 28 0 0 Pass
5.8702 26 0 0 Pass
5.9249 25 0 0 Pass
5.9796 23 0 0 Pass
6.0344 22 0 0 Pass
6.0891 21 0 0 Pass
6.1438 16 0 0 Pass
6.1986 13 0 0 Pass
6.2533 12 0 0 Pass
6.3080 11 0 0 Pass
6.3627 6 0 0 Pass
6.4175 2 0 0 Pass
6.4722 2 0 0 Pass
6.5269 1 0 0 Pass
6.5816 1 0 0 Pass
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Water Quality
Water Quality BMP Flow and Volume for POC #1
On-line facility volume: 0 acre-feet
On-line facility target flow: 0 cfs.
Adjusted for 15 min: 0 cfs.
Off-line facility target flow: 0 cfs.
Adjusted for 15 min: 0 cfs.
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LID Report
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POC 2

+ Predeveloped x Mitigated

Predeveloped Landuse Totals for POC #2
Total Pervious Area: 1.29
Total Impervious Area: 0

Mitigated Landuse Totals for POC #2
Total Pervious Area: 0.69
Total Impervious Area: 0.6

Flow Frequency Method: Log Pearson Type III 17B

Flow Frequency Return Periods for Predeveloped.  POC #2
Return Period Flow(cfs)
2 year 0.06257
5 year 0.102953
10 year 0.128198
25 year 0.157356
50 year 0.176955
100 year 0.194793

Flow Frequency Return Periods for Mitigated.  POC #2
Return Period Flow(cfs)
2 year 0
5 year 0
10 year 0
25 year 0
50 year 0
100 year 0

Annual Peaks
Annual Peaks for Predeveloped and Mitigated.  POC #2
Year Predeveloped Mitigated
1956 0.066 0.000
1957 0.119 0.000
1958 0.051 0.000
1959 0.049 0.000
1960 0.174 0.000
1961 0.057 0.000
1962 0.023 0.000
1963 0.126 0.000
1964 0.058 0.000
1965 0.055 0.000
1966 0.033 0.000
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1967 0.105 0.000
1968 0.071 0.000
1969 0.031 0.000
1970 0.052 0.000
1971 0.066 0.000
1972 0.195 0.000
1973 0.058 0.000
1974 0.064 0.000
1975 0.034 0.000
1976 0.073 0.000
1977 0.018 0.000
1978 0.050 0.000
1979 0.050 0.000
1980 0.056 0.000
1981 0.088 0.000
1982 0.049 0.000
1983 0.082 0.000
1984 0.165 0.000
1985 0.025 0.000
1986 0.097 0.000
1987 0.079 0.000
1988 0.040 0.000
1989 0.044 0.000
1990 0.095 0.000
1991 0.172 0.000
1992 0.063 0.000
1993 0.035 0.000
1994 0.031 0.000
1995 0.087 0.000
1996 0.129 0.000
1997 0.006 0.000
1998 0.010 0.000
1999 0.065 0.000
2000 0.046 0.000
2001 0.019 0.000
2002 0.087 0.000
2003 0.051 0.000
2004 0.129 0.000
2005 0.059 0.000
2006 0.079 0.000
2007 0.067 0.000
2008 0.109 0.000
2009 0.080 0.000
2010 0.023 0.000
2011 0.072 0.000

Ranked Annual Peaks
Ranked Annual Peaks for Predeveloped and Mitigated.  POC #2
Rank Predeveloped Mitigated
1 0.1953 0.0000
2 0.1744 0.0000
3 0.1722 0.0000
4 0.1650 0.0000
5 0.1293 0.0000
6 0.1292 0.0000
7 0.1261 0.0000
8 0.1189 0.0000
9 0.1095 0.0000
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10 0.1049 0.0000
11 0.0975 0.0000
12 0.0952 0.0000
13 0.0884 0.0000
14 0.0869 0.0000
15 0.0867 0.0000
16 0.0816 0.0000
17 0.0800 0.0000
18 0.0789 0.0000
19 0.0785 0.0000
20 0.0730 0.0000
21 0.0723 0.0000
22 0.0705 0.0000
23 0.0673 0.0000
24 0.0665 0.0000
25 0.0658 0.0000
26 0.0647 0.0000
27 0.0636 0.0000
28 0.0632 0.0000
29 0.0595 0.0000
30 0.0584 0.0000
31 0.0582 0.0000
32 0.0568 0.0000
33 0.0561 0.0000
34 0.0554 0.0000
35 0.0518 0.0000
36 0.0515 0.0000
37 0.0509 0.0000
38 0.0504 0.0000
39 0.0503 0.0000
40 0.0489 0.0000
41 0.0486 0.0000
42 0.0456 0.0000
43 0.0444 0.0000
44 0.0403 0.0000
45 0.0348 0.0000
46 0.0336 0.0000
47 0.0330 0.0000
48 0.0309 0.0000
49 0.0308 0.0000
50 0.0255 0.0000
51 0.0234 0.0000
52 0.0227 0.0000
53 0.0185 0.0000
54 0.0179 0.0000
55 0.0103 0.0000
56 0.0064 0.0000
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Duration Flows
The Facility PASSED

Flow(cfs) Predev Mit Percentage Pass/Fail
0.0313 21482 0 0 Pass
0.0328 19196 0 0 Pass
0.0342 17028 0 0 Pass
0.0357 15059 0 0 Pass
0.0372 13466 0 0 Pass
0.0386 12182 0 0 Pass
0.0401 11047 0 0 Pass
0.0416 9979 0 0 Pass
0.0431 8972 0 0 Pass
0.0445 8106 0 0 Pass
0.0460 7318 0 0 Pass
0.0475 6605 0 0 Pass
0.0489 5952 0 0 Pass
0.0504 5355 0 0 Pass
0.0519 4885 0 0 Pass
0.0534 4449 0 0 Pass
0.0548 4025 0 0 Pass
0.0563 3646 0 0 Pass
0.0578 3315 0 0 Pass
0.0592 3018 0 0 Pass
0.0607 2794 0 0 Pass
0.0622 2592 0 0 Pass
0.0637 2366 0 0 Pass
0.0651 2148 0 0 Pass
0.0666 1968 0 0 Pass
0.0681 1814 0 0 Pass
0.0695 1707 0 0 Pass
0.0710 1600 0 0 Pass
0.0725 1481 0 0 Pass
0.0740 1366 0 0 Pass
0.0754 1258 0 0 Pass
0.0769 1144 0 0 Pass
0.0784 1033 0 0 Pass
0.0798 945 0 0 Pass
0.0813 852 0 0 Pass
0.0828 785 0 0 Pass
0.0843 713 0 0 Pass
0.0857 633 0 0 Pass
0.0872 575 0 0 Pass
0.0887 534 0 0 Pass
0.0901 498 0 0 Pass
0.0916 461 0 0 Pass
0.0931 404 0 0 Pass
0.0946 380 0 0 Pass
0.0960 355 0 0 Pass
0.0975 333 0 0 Pass
0.0990 310 0 0 Pass
0.1004 291 0 0 Pass
0.1019 275 0 0 Pass
0.1034 264 0 0 Pass
0.1049 248 0 0 Pass
0.1063 230 0 0 Pass
0.1078 214 0 0 Pass
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0.1093 196 0 0 Pass
0.1107 175 0 0 Pass
0.1122 156 0 0 Pass
0.1137 138 0 0 Pass
0.1152 125 0 0 Pass
0.1166 115 0 0 Pass
0.1181 101 0 0 Pass
0.1196 92 0 0 Pass
0.1210 87 0 0 Pass
0.1225 82 0 0 Pass
0.1240 80 0 0 Pass
0.1255 77 0 0 Pass
0.1269 72 0 0 Pass
0.1284 71 0 0 Pass
0.1299 67 0 0 Pass
0.1313 63 0 0 Pass
0.1328 62 0 0 Pass
0.1343 60 0 0 Pass
0.1358 58 0 0 Pass
0.1372 55 0 0 Pass
0.1387 54 0 0 Pass
0.1402 52 0 0 Pass
0.1416 50 0 0 Pass
0.1431 48 0 0 Pass
0.1446 46 0 0 Pass
0.1461 45 0 0 Pass
0.1475 41 0 0 Pass
0.1490 37 0 0 Pass
0.1505 34 0 0 Pass
0.1519 32 0 0 Pass
0.1534 31 0 0 Pass
0.1549 29 0 0 Pass
0.1564 28 0 0 Pass
0.1578 26 0 0 Pass
0.1593 25 0 0 Pass
0.1608 23 0 0 Pass
0.1622 22 0 0 Pass
0.1637 21 0 0 Pass
0.1652 16 0 0 Pass
0.1667 13 0 0 Pass
0.1681 12 0 0 Pass
0.1696 11 0 0 Pass
0.1711 7 0 0 Pass
0.1725 2 0 0 Pass
0.1740 2 0 0 Pass
0.1755 1 0 0 Pass
0.1770 1 0 0 Pass
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Water Quality
Water Quality BMP Flow and Volume for POC #2
On-line facility volume: 0 acre-feet
On-line facility target flow: 0 cfs.
Adjusted for 15 min: 0 cfs.
Off-line facility target flow: 0 cfs.
Adjusted for 15 min: 0 cfs.
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LID Report



Site Infiltration Sizing 8/6/2024 8:20:57 AM Page 37

Model Default Modifications

Total of 0 changes have been made.

PERLND Changes
 No PERLND changes have been made.

IMPLND Changes
No IMPLND changes have been made.
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Appendix
Predeveloped Schematic
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Mitigated Schematic
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Predeveloped UCI File
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Mitigated UCI File
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Predeveloped HSPF Message File
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Mitigated HSPF Message File
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Disclaimer
Legal Notice
This program and accompanying documentation are provided 'as-is' without warranty of any kind.  The 
entire risk regarding the performance and results of this program is assumed by End User.   Clear 
Creek Solutions Inc. and the governmental licensee or sublicensees disclaim all warranties, either 
expressed or implied, including but not limited to implied warranties of program and accompanying 
documentation.  In no event shall Clear Creek Solutions Inc. be liable for any damages whatsoever 
(including without limitation to damages for loss of business profits, loss of business information, 
business interruption, and the like) arising out of the use of, or inability to use this program even 
if Clear Creek Solutions Inc. or their authorized representatives have been advised of the 
possibility of such damages.  Software Copyright © by : Clear Creek Solutions, Inc. 2005-2024; All 
Rights Reserved.

Clear Creek Solutions, Inc.
6200 Capitol Blvd.  Ste F
Olympia, WA.  98501
Toll Free 1(866)943-0304
Local (360)943-0304

www.clearcreeksolutions.com

www.clearcreeksolutions.com
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APPENDIX 2 Supplemental Reports and Information 

 




















































































































