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Basis of Design of Stormwater System 

 

 

1.0 Introduction 

 

The intent of this design report is to summarize the storm drainage design for the new Liberty Lake Retail 

building at 21801 E Country Vista Dr., in the city of Liberty Lake.  The entire project site is approximately 

1.29 acres in area.  The proposed building will be facing north and has access from the Home Depot 

parking lot. The site lies within the city of Liberty Lake, in Spokane County, Washington.  See Appendix I 

for a Project Location Map. 

 

The existing site is generally sloped from North to South.  It is currently empty.  See Appendix II for the 

pre-development site map.  The storm water report has identified the 10-year event for the development 

area.  The handling of the run-off associated with this event will be divided into 3-parts.  Part 3 will be the 

frontage and public side walk along Country Vista that resides in the easement.  It will continue to be 

treated stored and disposed of in the road side swales.  Part 2 will be the Roof of the proposed building.  

The roof drainage will be captured and piped directly to an onsite drywell.  Finally part 1 will be captured 

and directed with catch basins, pipes and grading to the offsite swale (Swale “C”)to the west which has 

been designed for this development.  The report has identified potential post-development runoff based on 

anticipated lot coverage of buildings, parking and landscape. 

 

Storm drainage system (i.e. type “A and  B” drywells and grassed percolation areas (GPA) or “208” 

swales) will be installed to accommodate the stormwater runoff generated by the proposed improvements.   

 

 

2.0 Design Concept 
 

The proposed long-range stormwater management concept for this project is to direct onsite flows to the 

master grassed percolation areas (GPA) which will accept, hold and treat stormwater runoff that is 

produced by the new PGIS's (the parking lot and associated walkways and landscaping).   The roof area 

will be directly piped to a drywell as it is not a pollution generating surface. The intent here is to fully treat 

the developed area.   

 

The master GPA(Swale “C”) was designed to treat the first 1/2" of runoff in a storm event and have the 

storage volume to contain the runoff for a 10 year event as prescribed in the Spokane Regional Stormwater 

Manual.  The drainage pond was sized and shaped based on the development and the assumed uses for each 

lot. 

 

The roof of the building is a nonpolluting/nonasphaltic roof and will be piped directly to the drywell.   

   

3.0 Drainage Area Summary 

 

The project area all drains to 2 systems. The existing master swale accepts the drainage for the parking lot 

and associated landscaping.  The onsite drywell accepts drainage for the roof.  Swale “C” swale and 

drywells are adequately sized based on post development conditions of the commercial site.  The slope 

generally ranges from approximately 1% to 4% in the area of construction.  See Appendix III for the 

drainage basin map.  

 

The proposed site includes a 12,482sq. ft. building, a 22,815sq.ft. Parking and drive area and associated 

landscaping.   

 

For the purposes of this design, geotechnical information was obtained from the Geotechnical report dated 

June 21, 2005 by Kleinfelder.  A copy of the report is included in Appendix IV. 

 

 

4.0 Summary of Stormwater Calculations 
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Attached are worksheets, which determine the peak stormwater runoff for post-development conditions for 

the drainage basins.  The drainage areas, which are less than 10 acres in size, were analyzed using the 

rational method (Q=CIA) to determine the peak stormwater runoff based on a 10 YR design frequency.  

The time of concentration (Tc)  is determined using the method outlined in the Spokane Regional 

Stormwater Manual. 

 

The Intensity-Duration Curve for the Spokane Area was used to determine the corresponding intensity (I) 

for the time of concentration.  A weighted runoff coefficient (C) is calculated for the post-development 

conditions, using the surfaces, types and area on site. 

 

The existing master Swale (GPA) will be used for stormwater treatment and detention.  Type "B" drywells 

will aid in extreme runoff.  For the roof runoff, the storm water will be piped directly to a type “A” drywell. 

 

The capacities of each type “B” drywell is 1.0 cfs  and 0.3 cfs for the type “A” as outlined in the 

Geotechnical Report. 

 

The Master Swale is detailed in the Taylor Engineering Report Dated April 29, 2005.  It accounts for our 

site to have a total area of 45,265 sq.ft.  This is accurate if you take the Country Vista Dr. Easement that 

has its own storm water swales and drywells and also remove the existing swale area at the corner of the lot 

shown on Appendix III.  Of this 45,265sq.ft., the report accounts for 30,050 sq.ft. of ACP (pollution 

generating, impervious surface) and 4,527 sq ft. of landscaping.  This leaves a building roof area of 

10,688sq.ft. that they assume will be piped directly to a drywell.  We are proposing 22,815sq.ft. of ACP 

(7,285 less), 9,968sq.ft. of landscaping (5,441sq.ft. more) and 12,482sq.ft. roof top area which will not be 

entering the Master swale (or Swale “C” as described in the report). 

 

In comparing the volumes that this proposed site generates we compare it to what is provided to ensure that 

there is adequate volume for treatment and storage.  There are 4 double barrel (type “B”) in the existing 

swale that are shared among the 3 areas, including our site, listed in the report.  See Appendix V for the 

calculation spreadsheets.   

 

Table 4.01 below is a summary of the calculations and analysis. 

 

4.01 Tabular Summary of Stormwater Analysis 

 

 

   

5.0 Erosion Control Considerations 

 

The erosion or sediment control plans are included as part of this project. 

 

The Contractor is responsible for insuring the use of proper erosion control and shall maintain such 

measures throughout construction, until all pertinent landscaping and permanent erosion control measures 

(i.e. grassed areas, paved surfaces) have been established.  Maintenance shall include daily inspections and 

repair of the erosion control measures.  The Contractor will also inspect all erosion control measures 

following each stormwater event during construction or until the permanent measures are established. 

 

Specific temporary measures, which will be used during construction, include filter fabric on grate inlets, 

silt fences and construction entrances. 

 

Drainage Area, 

DA 

Time of 

Concentration, 

Tc (min.) 

Rainfall 

Intensity, 

I (in/hr) 

Weighted 

Coefficient, 

C 

Total 

Area, A  

(acres) 

Peak Runoff 

Q10YR  

(cfs) 

Basin 1 5 2.62 0.90 0.29 0.68 

Basin 2 5 2.62 0.70 0.75 1.38 
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Periodically, the temporary erosion control measures must be cleaned of debris and siltation.  The 

contractor shall dispose of the materials so as not to damage any reclaimed areas or create other erosion 

problem areas.  Upon direction by city of Spokane, Owner or Engineer, the Contractor may also be 

required to clean the roadway of siltation or other debris, which may occur along or at the construction 

entrance. 

 

 

6.0 Summary/Conclusions 

 

By comparing the ACP provided for and what we are proposing.  And givien the fact that we are now using 

a smaller inch/hour storm to determine storm water, we have more than required volumes for this site.  

 

Included in the Claculations is a full Swale “C” calculation that uses the same areas for the other areas but 

our proposed surface areas and shows that the treatment and storage volumes are more than adequate 

(8,769 cu.ft. required vs. 10,550cu.ft. provided) 

  

The stormwater runoff generated by post-development conditions of the site will discharge directly into the 

subsurface native soils.  The GPA (or “208” swale) will function as stormwater detention pond, as well as 

provide treatment (for pollution generating surfaces) prior to discharge into the drywell. 

 

The Contractor(s) will be responsible for the proper installation and maintenance of all temporary erosion 

control measures necessary to protect down gradient areas from siltation.  The Contractor shall also protect 

against siltation of the drywells and GPA (or “208” swale) throughout construction.  The drywells and GPA 

installed for this Project are based solely on post-development conditions of this site.  No offsite 

development conditions are considered. 



 

 

 

 

 

Project Location Map 









































































Stormwater Design

Date: 9/26/2016

Owner Name: Peter Chen

Project: LL Retail

Description and Assumptions:

Located at 21801 E Country Vista Dr

Town of Liberty Lake, Washington

***

Land is *** the Aquifer Sensitive Area, and geotechnical analysis was completed

Design Frequency=10 years

Basin Area<10 acres, therefore use Rational Formula

No offsite runoff contributes to the site or any drainage facilities

Sub-Area: Basin A
Total Drainage Area 12482 s.f. 0.29          ac.

Total Impervious Area 12482 s.f. 0.29          ac.

Q=CIA where Q=Runoff in cfs

C=Runoff Coefficient

I=Rainfall Intensity in inches per hour

A=Contributing Area in acres

1 Determine Weighted Runoff Coefficient, C and Area, A

Surface Type Area (s.f.) Area (ac.) C* C*Area in acres

Asphalt &SIDEWALKS 0 -            0.90        -                    

FIRE LANE 0 -            0.90        -                    

Landscaping 0 -            0.25        -                    

Building Roofs 12482 0.29          0.90        0.258                

TOTAL 12482 0.29          0.258                

Weighted Runoff Coefficient=(sum CA)/(sumA)= 0.90               

2 Determine Rainfall Intensity, I

Duration (in minutes) is based on the Time of Concentration, TC

Reach 1: Overland Flow

Tc=Ct(L*n/s^1/2)^0.6 where Tc=time of concentration in minutes of the longest route that the flow will take

L=Length in feet

n=friction factor of the ground surface (See Table 13, Page 6-34)

s=Average slope in ft/ft

Ct=0.15 for overland flow (See Figure 3, Page 6-5)

L (ft) n s Ct

150 0.016 0.02 0.15

Time of Concentration= 0.82 minutes

Use 5 minutes

Reach 2:  Gutter Flow

Reach 3:  Channel or Pipe Flow

Note:  Tc should be calculated for each significantly different slope.  Tc for flow in pipes, ditches and

gutters should be completed as a function of the velocity as defined by Manning's formula.

I = m/Tc
n

where: m and n are 6.98 and 0.609 respectively from table 5-7 



I = 2.62 in./hr.

3 Determine Peak Discharge

Peak 10 yr Discharge = Q10=CIA= 0.68 c.f.s.

4 Detention Basin Design using the Bowstring Method

Time Increment= 5 minutes

Time of Conc.= 5.00 minutes

Desired Outflow= 1 cfs 1 Type "A" Drywell

C= 0.90        

A= 0.29        acres

Time Time Intensity Q Volume In Volume Out Storage

(minutes) (seconds) (in/hr) (cfs) (cu.ft.) (cu.ft.) (cu.ft.)

0 0 2.62        0.68            -            -                 -          

1 60 2.62        0.68            54.32        60                  (6)            

2 120 2.62        0.68            150           120                30           for t>Tc

5 300 2.62        0.68            272           300                (28)          

10 600 1.72        0.44            311           600                (289)        

15 900 1.34        0.35            346           900                (554)        

20 1200 1.13        0.29            379           1,200             (821)        

25 1500 0.98        0.25            405           1,500             (1,095)     

30 1800 0.88        0.23            432           1,800             (1,368)     

35 2100 0.80        0.21            454           2,100             (1,646)     

40 2400 0.74        0.19            477           2,400             (1,923)     

45 2700 0.69        0.18            499           2,700             (2,201)     

50 3000 0.64        0.17            512           3,000             (2,488)     

55 3300 0.61        0.16            535           3,300             (2,765)     

60 3600 0.58        0.15            554           3,600             (3,046)     

65 3900 0.55        0.14            568           3,900             (3,332)     

70 4200 0.53        0.14            588           4,200             (3,612)     

75 4500 0.50        0.13            593           4,500             (3,907)     

80 4800 0.48        0.12            607           4,800             (4,193)     

85 5100 0.47        0.12            631           5,100             (4,469)     

90 5400 0.45        0.12            639           5,400             (4,761)     

95 5700 0.44        0.11            658           5,700             (5,042)     

100 6000 0.42        0.11            661           6,000             (5,339)     

The Bowstring calculations show that the drywell is never at over-capacity during the design storm.

(Type B drywell has about 100 cubic feet of storage in the barrel.)

*Is the Tybe "B" drywell large enough to hold the Total Required Detention Volume?OK



Stormwater Design

Date: 9/26/2016

Owner Name: Peter Chen

Project: LL Retail

Description and Assumptions:

Located at 21801 E Country Vista Dr

Town of Liberty Lake, Washington

***

Land is *** the Aquifer Sensitive Area, and geotechnical analysis was completed

Design Frequency=10 years

Basin Area<10 acres, therefore use Rational Formula

No offsite runoff contributes to the site or any drainage facilities

Sub-Area: Basin2 (Proposed site les the building roof)
Total Drainage Area 32783 s.f. 0.75          ac.

Total Impervious Area 22815 s.f. 0.52          ac.

Q=CIA where Q=Runoff in cfs

C=Runoff Coefficient

I=Rainfall Intensity in inches per hour

A=Contributing Area in acres

1 Determine Weighted Runoff Coefficient, C and Area, A

Surface Type Area (s.f.) Area (ac.) C* C*Area in acres

Asphalt Pavement 22815 0.52          0.90        0.471                

Drives and Walks 0 -            0.90        -                    

Landscaping 9968 0.23          0.25        0.057                

Building Roofs 0 -            0.90        -                    

TOTAL 32783 0.75          0.529                

Weighted Runoff Coefficient=(sum CA)/(sumA)= 0.70               

2 Determine Rainfall Intensity, I

Duration (in minutes) is based on the Time of Concentration, TC

Reach 1: Overland Flow

Tc=Ct(L*n/s^1/2)^0.6 where Tc=time of concentration in minutes of the longest route that the flow will take

L=Length in feet

n=friction factor of the ground surface (See Table 13, Page 6-34)

s=Average slope in ft/ft

Ct=0.15 for overland flow (See Figure 3, Page 6-5)

L (ft) n s Ct

150 0.016 0.02 0.15

Time of Concentration= 0.82 minutes

Use 5 minutes

Reach 2:  Gutter Flow

Reach 3:  Channel or Pipe Flow

Note:  Tc should be calculated for each significantly different slope.  Tc for flow in pipes, ditches and

gutters should be completed as a function of the velocity as defined by Manning's formula.

I = m/Tc
n

where: m and n are 6.98 and 0.609 respectively from table 5-7 



I = 2.62 in./hr.

3 Determine Peak Discharge

Peak 10 yr Discharge = Q10=CIA= 1.38 c.f.s.

4 Detention Basin Design using the Bowstring Method

Time Increment= 5 minutes

Time of Conc.= 5.00 minutes

Desired Outflow= 1 cfs 1 Type "2" Drywell

C= 0.70        

A= 0.75        acres

Time Time Intensity Q Volume In Volume Out Storage

(minutes) (seconds) (in/hr) (cfs) (cu.ft.) (cu.ft.) (cu.ft.)

0 0 2.62        1.38            -            -                 -          

1 60 2.62        1.38            111.35      60                  51           

2 120 2.62        1.38            307           120                187         for t>Tc

5 300 2.62        1.38            557           300                257         

10 600 1.72        0.91            638           600                38           

15 900 1.34        0.71            710           900                (190)        

20 1200 1.13        0.60            778           1,200             (422)        

25 1500 0.98        0.52            830           1,500             (670)        

30 1800 0.88        0.47            885           1,800             (915)        

35 2100 0.80        0.42            931           2,100             (1,169)     

40 2400 0.74        0.39            979           2,400             (1,421)     

45 2700 0.69        0.36            1,022        2,700             (1,678)     

50 3000 0.64        0.34            1,049        3,000             (1,951)     

55 3300 0.61        0.32            1,097        3,300             (2,203)     

60 3600 0.58        0.31            1,135        3,600             (2,465)     

65 3900 0.55        0.29            1,163        3,900             (2,737)     

70 4200 0.53        0.28            1,205        4,200             (2,995)     

75 4500 0.50        0.26            1,216        4,500             (3,284)     

80 4800 0.48        0.25            1,244        4,800             (3,556)     

85 5100 0.47        0.25            1,292        5,100             (3,808)     

90 5400 0.45        0.24            1,309        5,400             (4,091)     

95 5700 0.44        0.23            1,349        5,700             (4,351)     

100 6000 0.42        0.22            1,355        6,000             (4,645)     

The Bowstring calculations show that the drywell is never at over-capacity during the design storm.

(Type B drywell has about 50 cubic feet of storage in the barrel.)

5 Determine Volume of GPA(swale)  (Assume trapezoidal cross-section)

Total PGIS Area= 22,815    sf

** Check First:  Make sure that the Required Volume is Less than the Volume Provided.

Required Volume=AsphaltArea*1/2"/12in/ft= 951 cu.ft.

Swale Volume Provided= 10550 cu.ft.



Stormwater Design

Date: 9/26/2016

Owner Name: Peter Chen

Project: LL Retail

Description and Assumptions:

Located at 21801 E Country Vista Dr

Town of Liberty Lake, Washington

***

Land is *** the Aquifer Sensitive Area, and geotechnical analysis was completed

Design Frequency=10 years

Basin Area<10 acres, therefore use Rational Formula

No offsite runoff contributes to the site or any drainage facilities

Sub-Area: Basin for Swale "C"
Total Drainage Area 266575 s.f. 6.12          ac.

Total Impervious Area 22815 s.f. 0.52          ac.

Q=CIA where Q=Runoff in cfs

C=Runoff Coefficient

I=Rainfall Intensity in inches per hour

A=Contributing Area in acres

1 Determine Weighted Runoff Coefficient, C and Area, A

Surface Type Area (s.f.) Area (ac.) C* C*Area in acres

Asphalt Pavement 210454 4.83          0.90        4.348                

Drives and Walks 0 -            0.90        -                    

Landscaping 54327 1.25          0.20        0.249                

Building Roofs 0 -            0.90        -                    

TOTAL 264781 6.08          4.598                

Weighted Runoff Coefficient=(sum CA)/(sumA)= 0.76               

2 Determine Rainfall Intensity, I

Duration (in minutes) is based on the Time of Concentration, TC

Reach 1: Overland Flow

Tc=Ct(L*n/s^1/2)^0.6 where Tc=time of concentration in minutes of the longest route that the flow will take

L=Length in feet

n=friction factor of the ground surface (See Table 13, Page 6-34)

s=Average slope in ft/ft

Ct=0.15 for overland flow (See Figure 3, Page 6-5)

L (ft) n s Ct

150 0.016 0.02 0.15

Time of Concentration= 0.82 minutes

Use 5 minutes

Reach 2:  Gutter Flow

Reach 3:  Channel or Pipe Flow

Note:  Tc should be calculated for each significantly different slope.  Tc for flow in pipes, ditches and

gutters should be completed as a function of the velocity as defined by Manning's formula.

I = m/Tc
n

where: m and n are 6.98 and 0.609 respectively from table 5-7 



I = 2.62 in./hr.

3 Determine Peak Discharge

Peak 10 yr Discharge = Q10=CIA= 12.13 c.f.s.

4 Detention Basin Design using the Bowstring Method

Time Increment= 5 minutes

Time of Conc.= 5.00 minutes

Desired Outflow= 4 cfs 1 Type "2" Drywell

C= 0.76        

A= 6.08        acres

Time Time Intensity Q Volume In Volume Out Storage

(minutes) (seconds) (in/hr) (cfs) (cu.ft.) (cu.ft.) (cu.ft.)

0 0 2.62        12.05          -            -                 -          

1 60 2.62        12.05          968.49      240                728         

2 120 2.62        12.05          2,674        480                2,194      for t>Tc

5 300 2.62        12.05          4,842        1,200             3,642      

10 600 1.72        7.91            5,551        2,400             3,151      

15 900 1.34        6.16            6,173        3,600             2,573      

20 1200 1.13        5.20            6,764        4,800             1,964      

25 1500 0.98        4.51            7,218        6,000             1,218      

30 1800 0.88        4.05            7,695        7,200             495         

35 2100 0.80        3.68            8,099        8,400             (301)        

40 2400 0.74        3.40            8,512        9,600             (1,088)     

45 2700 0.69        3.17            8,889        10,800           (1,911)     

50 3000 0.64        2.94            9,128        12,000           (2,872)     

55 3300 0.61        2.80            9,541        13,200           (3,659)     

60 3600 0.58        2.67            9,872        14,400           (4,528)     

65 3900 0.55        2.53            10,120      15,600           (5,480)     

70 4200 0.53        2.44            10,483      16,800           (6,317)     

75 4500 0.50        2.30            10,579      18,000           (7,421)     

80 4800 0.48        2.21            10,818      19,200           (8,382)     

85 5100 0.47        2.16            11,241      20,400           (9,159)     

90 5400 0.45        2.07            11,383      21,600           (10,217)   

95 5700 0.44        2.02            11,737      22,800           (11,063)   

100 6000 0.42        1.93            11,783      24,000           (12,217)   

The Bowstring calculations show that the drywell is never at over-capacity during the design storm.

(Type B drywell has about 50 cubic feet of storage in the barrel.)

5 Determine Volume of GPA(swale)  (Assume trapezoidal cross-section)

Total PGIS Area= 210,454  sf

** Check First:  Make sure that the Required Volume is Less than the Volume Provided.

Required Volume=AsphaltArea*1/2"/12in/ft= 8769 cu.ft.

Swale Volume Provided= 10550 cu.ft.

6 Determine Minimum Required Height of Detention Basin above "208" Swale

(Assume trapezoidal cross-section)

Required Volume=AsphaltArea*1/2"/12in/ft= 8769 cu.ft.

Required Detention Volume= 3,642             cu.ft.

Total Required Detention Volume= 8769 cu.ft.

Swale Volume Provided= 10550 cu.ft.

*Is the swale large enough to hold the Total Required Detention Volume? OK
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