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1.0 PROPOSED PROJECT DESCRIPTION 
 

The following report was prepared for the Kingswood Commercial project in Tumwater, 

WA. This report was prepared to comply with the minimum technical standards and 

requirements that are set forth in the 2022 City of Tumwater Drainage Design and 

Erosion Control Manual (DDECM).  

 

Project Proponent:   KCI Commercial, Inc. 

Parcel Numbers:   12703240404, 12703240403 

Total Parcel Area:   8.70 AC 

Current Zoning:   GC (General Commercial) 

Required Permits:   Grading, Utility, Paving, Building, etc. 

Site Address: 1551 Kingswood Dr SW & 1401 Kingswood Dr SW, 

Tumwater, WA 98512 

Section, Township, Range: Section 3, Township 17N, Range 2W 

 

The proposed Kingswood Commercial project site is comprised of two parcels that total 

8.70 acres in the southeast corner of the intersection of Kingswood Drive and Littlerock 

Road SW. The proposed construction will develop 6 lots with single story and multi-story 

commercial businesses, parking areas, drive aisles, electronic vehicle charging stations, 

landscaped areas and utilities, disturbing roughly the entire parcel, 8.70 acres. The 

frontage area will not be disturbed as frontage improvements have been completed in 

separate projects. The proposed drive aisle and parking system will be accessed from 

both the Kingswood Dr SW and Littlerock Rd SW public right-of-ways (ROW). This 

development project is designed under the 2022 Tumwater Drainage and Erosion 

Control Manual. See Vicinity Map in the following pages and Appendix 3 for visual 

representation of the subject property. 

 

1.1 SUMMARY OF COMPLIANCE ON-SITE 
 
This project adheres to the 2022 Tumwater Drainage Design and Erosion Control 

Manual. A worksheet for determining the number of Minimum Requirements for this 

project per the DDECM has been prepared and included herein as Appendix 3. There is 
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less than 35% impervious surface on the site; as such, this project will be considered 

new development. The project proposes to add more than 10,000 square feet of new 

impervious surface and more than 5,000 SF of new pollution generating impervious 

surfaces (PGIS), designating the project as New Development. All 11 core requirements 

apply to the new impervious surfaces and converted pervious surfaces. The 

requirements are addressed as follows. 

 

Requirement #1: Preparation of Stormwater Site Plans 

The Drainage Control Plan has been completed per the 2022 City of Tumwater DDECM. 

 

Requirement #2: Construction Stormwater Pollution Prevention 

The Stormwater Pollution Prevention Plan (SWPPP) will be completed and included 

herein as Attachment No. 2 at the time of civil permit submittal. The SWPPP describes 

the 13 required elements in further detail. An erosion control plan will be prepared and 

included as part of the engineering construction plan set in Attachment No. 1.  

 

Requirement #3: Source Control of Pollution – BMPs listed below are the 

minimum required for the site, additional BMPs not listed here may need to be 

implemented to meet the minimum requirements discussed in the 2022 DDECM. 

• Volume IV, Chapter 5, Section S.2 Dispose of Collected Runoff and Waste 

Materials Properly 

• Volume IV, Chapter 5, Section S.6 Pave the Activity Area and Slope to a Sump or 

Holding Tank 

• Volume IV, Chapter 5, Section S.9 Clean Catch Basins 

 

Requirement #4: Preservation of Natural Drainage Systems and Outfalls 

Currently, stormwater runoff generated within the site sheet flows toward the north 

corner of the site. Given the native soil conditions on-site, it is assumed that the 

stormwater runoff infiltrates on-site. If stormwater does leave the site, it would enter 

the existing storm drain system within Littlerock Rd or Kingswood Drive. The Littlerock 

Rd storm system outlets to an infiltration system directly adjacent to the project site. 
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The Kingswood Drive storm system outlets to an infiltration pond within 300 ft of the 

site.  

 

After construction, the stormwater runoff from the site will be collected and fully 

infiltrated on the north half of the site. Stormwater runoff patterns within the vicinity of 

the project site will remain similar to their current condition. All downstream conveyance 

systems are not anticipated to be adversely affected at this time.  

 

Requirement #5: On-Site Stormwater Management 

In accordance with Minimum requirement #7, this project is not flow control exempt per 

Volume I, Section 2.4.8. The proposed project will trigger Minimum Requirements #1-11 

and therefore the project shall employ the On-Site Stormwater Management BMPs in 

accordance with the Low Impact Performance Standard or List #2. The project will 

demonstrate compliance with List #2, as shown below.  

 

Lawn and Landscaped Areas: 

• Postconstruction soil quality and depth per volume V, Chapter 6: This BMP will be 

utilized to the maximum extent practicable for the project. See the landscape 

plans for more details.  

Roofs: 

• Full Dispersion in Volume V, Section 7.2, or Downspout Infiltration in Volume V, 

Section 15.3: Full Dispersion requires that the project protect at least 65% of the 

site in a forested or native condition. For this reason, Full Dispersion is infeasible. 

The geotechnical analysis of the site determined that infiltration of stormwater is 

possible with native soils; however, due to the high groundwater, Downspout 

Infiltration is infeasible.  

• Bioretention in Volume V, Chapter 9: Bioretention is feasible for this project. Due 

to the site soils supporting infiltration, bioretention can be used to treat 

stormwater on-site. Bioretention will be utilized on site with a system of 

interconnected bioretention ponds. 
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Other Hard Surfaces: 

• Full Dispersion in Volume V, Section 7.2: Full Dispersion is not feasible for this 

project for the reasons mentioned in the section above.   

• Permeable Pavement in Volume V, Chapter 11: Based on the proposed use of the 

site, basic treatment and oil separation are required for the stormwater runoff, 

prior to infiltration. A permeable pavement system would not allow for the 

stormwater runoff to be treated prior to infiltration into the soils.  

• Bioretention in Volume V, Chapter 9: Bioretention facilities are feasible for the 

reasons mentioned in the section above. Bioretention will be utilized on site with 

a system of interconnected bioretention ponds. 

 

Requirement #6: Runoff Treatment 

The proposed project will construct over 5,000 S.F. of pollution generating impervious 

surface; therefore, a stormwater treatment facility is required. The site does not trigger 

the requirements for enhanced treatment as it is not within the 1-year time-of-travel 

zone for a wellhead protection area nor does it infiltrate stormwater within one-quarter 

mile of a body of fresh or salt water designated for aquatic life. However, enhanced 

treatment will be provided for this project through the use of a bioretention soil mix in 

each of the bioretention ponds. 

 

Commercial development of the site will include drive through fast food restaurants on 

Lot 1, Lot 3, and potentially Lot 5, and an auto-mechanic/maintenance business will 

occupy Lot 2. As such, Oil Control Facilities will be required upstream of infiltration 

facilities for these areas. Phosphorus control is not required as the system does not 

discharge to a body of fresh water or to a system tributary to a body of fresh water. 

 

Requirement #7: Flow Control 

The proposed project will construct over 10,000 SF of impervious surface and does not 

discharge to a flow control exempt water body, therefore flow control is required. Flow 

control will be provided for the site through full infiltration on-site.  
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Requirement #8: Wetlands Protection 

There are no wetlands located on-site or adjacent to the site.  

 

Requirement #9: Operation and Maintenance 

A maintenance and source control manual will be completed and included herein the as 

Attachment No. 4 at the time of civil permit submittal.  

 
Requirement #10: Financial Liability 

In accordance with Tumwater Municipal Code 12.16.080, the project applicant will 

provide financial guarantees 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.  

 

Requirement #11: Offsite Analysis and Mitigation 

See Section 3 of this report for the offsite analysis. 
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2.0    EXISTING CONDITIONS DESCRIPTION 
 

2.1  TOPOGRAPHY 

The site generally slopes from south to north, ranging from 0% to 3%, with an overall 

relief of approximately 10 ft. 

 

2.2  GROUND COVER 

The site has remained undeveloped since at least 1990. The existing site is currently 

undeveloped and covered with short underlying brush and small trees around the 

perimeter of the site. There are two Bonneville Power Administration (BPA) Transmission 

Towers on the west edge of the site and a 250 ft wide no-build easement for the 

associated overhead power lines. There are several piles of imported fill located 

throughout the site. There is an access drive from Littlerock Rd that services the 

neighboring Home Depot to the east.  

 

   

Figure 1: Existing Conditions (1990)         Figure 2: Existing Conditions (2021) 

 

2.3  DRAINAGE 

There are currently no known existing drainage structures on-site.  
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2.4  SOILS 

According to the geotechnical report prepared by Insight Geologic, dated April 19th, 

2011, the native site soils are classified as hydrologic soil group Type A and generally 

consist of 1 foot of dark brown silty sand. The central portion of the site consists of 2 to 

7 ft of light brown sand with silt and cobbles overlying uncontrolled fill with waste 

materials consisting of brick, concrete, metal, shingles, wood and other debris to a 

depth of up to 14 ft. Analysis of native soils determined an infiltration rate of 2.0 inches 

per hour. The seasonal high groundwater is expected to be at a depth of about 15 feet 

below ground surface. The historic high groundwater is approximately 11 feet below 

ground surface. Therefore, in order to maintain 6 ft of separation from the bottom of an 

infiltration facility and the groundwater, the minimum bottom elevation of all infiltration 

facilities is 5 ft below present grade. See Attachment No. 3 for the full geotechnical 

report. 

 
2.5  CRITICAL AREAS 

The project parcel is located within the Federal Emergency Management Agency (FEMA) 

Flood Insurance Rate map (FIRM) Panel No. 53067C0281E. According to the FIRM Map 

the project parcel is located within Zone X, which is determined to be an area of minimal 

flood hazard. See Appendix 3 for the FIRM Map. 

 

According to City of Tumwater GIS Maps, the project site is located within a Category I 

Critical Aquifer Recharge Area (CARA) and within a 10-year time-of-travel Wellhead 

Protection Area. There are no additional requirements or limitations for this project since 

the proposed infiltration facilities will not cause a violation of groundwater quality 

standards. See Appendix 3 for the CARA and Wellhead Protection Areas maps. 

 

2.6 ADJACENT AREAS 

The proposed project is located in the southeast corner of the intersection of Kingswood 

Dr SW and Littlerock Rd SW. The property is bound by a Home Depot parking lot to the 

east and residential lots to the south.  

 

 

 



Drainage Report  Job No.:  C22-151 
2-3 

2.7  REPORTS AND STUDIES 

A full geotechnical report was prepared for the subject site by Insight Geologic, dated 

April 19th, 2011, and can be found in Attachment No. 3.  

 

A Mazama pocket gopher and Thurston County regulated prairie absence report was 

conducted by Land Services Northwest, dated October 15th, 2021. No Mazama pocket 

gophers, Critical Areas Ordinance prairie plants, or Mima mounds were found on the 

site. The full report can be found in Appendix 3.   

 

A forester’s report was conducted by Sound Urban Forestry, dated April 28th, 2022. No 

trees within the site were considered specimen or ‘Landmark’ trees. The project requires 

a 1:1 tree replacement rate. The report can be found in Appendix 3. 

 

No other reports were performed or required. 
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3.0 VICINITY ANALYSIS AND SUBBASIN DESCRIPTON 

 

3.1 QUALITATIVE UPSTREAM ANALYSIS 

It does not appear there are any significant areas of upstream runoff flow onto the project site. 

The Home Depot parking area to the east is developed with its own stormwater system. The other 

adjacent areas are downhill from the site. 

 

3.2 QUALITATIVE DOWNSTREAM ANALYSIS 

Given the native soils and flat nature of the existing site, it is assumed that most stormwater 

currently infiltrates on-site. All of the stormwater runoff generated on-site by the disturbed area of 

the proposed project will be collected, treated, and infiltrated on-site. Therefore, there are no 

anticipated adverse effects to the downstream system.
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4.0 FLOW CONTROL AND WATER QUALITY FACILITY SIZING 

 
4.1 IMPERVIOUS AND PERVIOUS AREA TABULATIONS 
 

The proposed project follows the development requirements stated in the 2022 City of Tumwater 

Drainage Design and Erosion Control Manual. Following Figure 2.1 (See Appendix 3), this project 

classifies as a new development that triggers all of the minimum requirements. The site does not 

have 35% or more of existing impervious coverage, and the project will add more than 5,000 S.F. 

of new impervious surfaces. See Attachment No. 1 for the proposed stormwater facility locations 

and details. Table 1: Land Type Designations Existing vs. Proposed below illustrates the existing 

and proposed impervious and pervious areas of the disturbed areas. See Appendix 3 for the 

basin maps. 

Table 1: Land Type Designations Existing vs. Proposed 

LAND TYPE DESIGNATIONS AREA (ACRES) % OF TOTAL AREA 

Existing Areas 8.70 100 

Impervious 0.40 4.60 

Pervious 8.30 95.40 

Proposed Areas 8.70 100 

Impervious 4.93 56.67 

Pervious 3.15 36.21 

Pond 0.62 7.12 

 

4.2 WATER QUALITY ANALYSIS 

 

Per Minimum Requirement #6, the proposed project requires basic treatment for all on-site 

pollution-generating impervious surfaces. However, enhanced water quality treatment will be 

provided by means of an 18” bioretention soil layer in each of the proposed bioretention ponds on-

site. All of the stormwater runoff conveyed to each pond will be completely infiltrated, satisfying 

the treatment requirement. Oil Control facilities will be required for Lots 1, 2, 3, and 5 as they will 

be developed with drive through businesses. The oil control facilities will be placed on each lot that 

it is required for and will be sized under a separate permit at the time of lot development.  
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4.3 FLOW CONTROL ANALYSIS 

 

Flow control is required for the proposed development and will be provided through a system of 

interconnected bioretention ponds spread out across the site. WWHM was used to size the ponds 

so that as a system they will infiltrate 100% of the stormwater runoff generated on-site. The 

design infiltration rate of 2.0 in/hr provided in the geotechnical report from Insight Geologic dated 

April 19, 2011, was used to size the ponds in WWHM. The site has been divided into three 

separate basins with three bioretention pond systems. The ponds will be interconnected with a 

series of underground culverts to provide overflow and an additional factor of safety in case of 

failure. See Table 3 below for the basin area breakdown.  

 

Table 2: Flow Control Basin Areas 

LAND TYPE 
DESIGNATIONS 

BASIN 1 AREA 
(ACRES) 

BASIN 2 AREA 
(ACRES) 

BASIN 3 AREA 
(ACRES) 

BASIN TOTAL 1.54 1.70 5.46 

ROOF 0.24 0.12 0.47 

ASPHALT / CONCRETE 0.88 0.95 2.27 

LANDSCAPE 0.30 0.55 2.30 

POND 0.12 0.08 0.42 

 

The runoff from Basin 1 will be collected and conveyed to a bioretention pond with a minimum 

bottom area of 3,366 SF and total depth of 3.5 ft, including 0.5 ft of freeboard. An infiltration pond 

with bottom area of 3,370 SF and depth of 3.5 ft has been provided. The stormwater conveyed to 

this pond is infiltrated 100%. This pond will have a riser at 3 ft above the bioretention soil mix that 

connects to the Basin 3 bioretention pond as an additional factor of safety in the case of failure. 

 

The runoff from Basin 2 will be collected and conveyed to a bioretention pond with a bottom area 

of 1,918 SF and total depth of 3.3 ft, including 0.5 ft of freeboard. The bioretention pond only 

infiltrates 99.91% of the post-developed flow. As such, this pond system is connected to the Basin 

3 bioretention pond. The runoff from Basin 3 and the overflow from Basin 2 will be collected and 

conveyed to an infiltration pond with minimum bottom area of 14,886 SF and total depth of 2.8 ft, 

including 0.5 ft of freeboard. An infiltration pond with bottom area of 15,286 SF and total depth of 

2.8 ft. The stormwater conveyed from Basin 3 as well as the overflow from Basin 2 is infiltrated 

100%.  
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It is important to note that in order to maintain the minimum 3 ft of separation from the historic 

high groundwater elevation to the bottom of the bioretention soil mix per Volume V, Section 9.3, 

the minimum elevation of the bottom of the bioretention soil mix for Basin 1 and 2 is 176.2 ft as 

the historic level of groundwater is 173.2 ft while the minimum elevation of the bottom of the 

bioretention soil mix for Basin 3 is 175.7 ft as the historic level of groundwater is 172.7 ft.  

 

The drainage plan with the infiltration ponds and conveyance system has been included as 

Attachment No. 1. See Appendix 1 for the WWHM reports.
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5.0 AESTHETIC CONSIDERATIONS FOR FACILITIES 

 

All disturbed soil will be vegetated and landscaped using Best Management Practices. 

The proposed bioretention ponds will be covered with a variety of plants that will help 

them blend in with other landscaping features. All conveyance and water quality facilities 

will be underground. 
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6.0 CONVEYANCE SYSTEM ANALYSIS AND DESIGN 

 

The proposed conveyance systems have been sized to convey the stormwater runoff 

from the developed conditions at the 25-year return period within the pipe. With the 

exception of the rood drainpipes, all on-site conveyance systems will be a minimum 12” 

in diameter and installed at a minimum slope of 0.5%. 
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7.0 COVENANTS, DEDICATIONS, EASEMENTS 

 
It is the City of Tumwater policy that the property owner(s) shall maintain their 

stormwater drainage facilities. Thus, KCI Commercial, Inc. will be responsible for 

maintaining and ensuring that all installed drainage facilities are functioning in 

accordance with the design purpose. KCI Commercial, Inc. will keep a copy of the 

maintenance plan at the project site. The Maintenance and Source Control Manual will 

be completed and included herein as Attachment No. 4 at the time of civil permit 

submittal. Additionally, the Establishment of Maintenance Covenants will be completed 

and included herein as Attachment No. 5 at the time of civil permit submittal. 
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8.0 AGREEMENTS AND GUARANTEES 

 
Maintenance and/or operation bonding or other appropriate financial guarantees are 

required for all projects to ensure construction and functionality of drainage facilities are 

in compliance with applicable standards. These guarantees are to be consistent with the 

most recent edition of the City of Tumwater Development Guidelines and Public Works 

Standards. 
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9.0 OTHER PERMITS OR CONDITIONS PLACED ON THE 

PROJECT 

 

No other permits or conditions have been placed on the project at this time.  

 

Other permits that may be required for the proposed development are as follows: 

▪ Clearing and Grading Permit 

▪ National Pollution Discharge Elimination System (NPDES) 

▪ Right-of-Way permit 

▪ Utility Permit 

▪ Building Permits 
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General Model Information
Project Name: Kingswood Commercial_AllBasins2

Site Name:

Site Address:

City:

Report Date: 9/29/2022

Gage: Olympia Airport

Data Start: 1955/10/01

Data End: 2008/09/30

Timestep: 15 Minute

Precip Scale: 0.000 (adjusted)

Version Date: 2021/08/18

Version: 4.2.18

POC Thresholds

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

High Flow Threshold for POC1: 50 Year

Kingswood Commerical
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Landuse Basin Data
Predeveloped Land Use

Basin  3
Bypass: No

GroundWater: No

Pervious Land Use acre
 A B, Forest, Flat   5.46

 Pervious Total 5.46

Impervious Land Use acre

 Impervious Total 0

 Basin Total 5.46

Element Flows To:
Surface Interflow Groundwater
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Basin  2
Bypass: No

GroundWater: No

Pervious Land Use acre
 A B, Forest, Flat   1.7

 Pervious Total 1.7

Impervious Land Use acre

 Impervious Total 0

 Basin Total 1.7

Element Flows To:
Surface Interflow Groundwater
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Basin  1
Bypass: No

GroundWater: No

Pervious Land Use acre
 A B, Forest, Flat   1.54

 Pervious Total 1.54

Impervious Land Use acre

 Impervious Total 0

 Basin Total 1.54

Element Flows To:
Surface Interflow Groundwater
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Mitigated Land Use

Basin  3
Bypass: No

GroundWater: No

Pervious Land Use acre
 A B, Pasture, Flat  2.72

 Pervious Total 2.72

Impervious Land Use acre
 ROADS FLAT         2.27
 ROOF TOPS FLAT     0.47

 Impervious Total 2.74

 Basin Total 5.46

Element Flows To:
Surface Interflow Groundwater
Surface retention  3 Surface retention  3
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Basin  2
Bypass: No

GroundWater: No

Pervious Land Use acre
 A B, Pasture, Flat  0.63

 Pervious Total 0.63

Impervious Land Use acre
 ROADS FLAT         0.95
 ROOF TOPS FLAT     0.12

 Impervious Total 1.07

 Basin Total 1.7

Element Flows To:
Surface Interflow Groundwater
Surface retention  2 Surface retention  2
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Basin 1 
Bypass: No

GroundWater: No

Pervious Land Use acre
 A B, Pasture, Flat  0.42

 Pervious Total 0.42

Impervious Land Use acre
 ROADS FLAT         0.88
 ROOF TOPS FLAT     0.24

 Impervious Total 1.12

 Basin Total 1.54

Element Flows To:
Surface Interflow Groundwater
Surface retention  1 Surface retention  1
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Routing Elements
Predeveloped Routing
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Mitigated Routing

Bioretention  1
Bottom Length: 60.10 ft.
Bottom Width: 56.00 ft.
Material thickness of first layer: 1.5
Material type for first layer: SMMWW
Material thickness of second layer: 0
Material type for second layer: Sand
Material thickness of third layer: 0
Material type for third layer: GRAVEL 
Infiltration On
Infiltration rate: 2
Infiltration safety factor: 1
Wetted surface area On 
Total Volume Infiltrated (ac-ft.): 254.498
Total Volume Through Riser (ac-ft.): 0
Total Volume Through Facility (ac-ft.): 254.498
Percent Infiltrated: 100
Total Precip Applied to Facility: 17.589
Total Evap From Facility: 5.098
Underdrain not used
Discharge Structure
Riser Height: 3 ft.
Riser Diameter: 12 in.
Element Flows To:
Outlet 1 Outlet 2
Surface retention  3

              Bioretention Hydraulic Table

Stage(feet) Area(ac.) Volume(ac-ft.) Discharge(cfs) Infilt(cfs)
0.0000 0.0941 0.0000 0.0000 0.0000
0.0549 0.0939 0.0017 0.0000 0.0000
0.1099 0.0932 0.0034 0.0000 0.0000
0.1648 0.0926 0.0052 0.0000 0.0008
0.2198 0.0920 0.0069 0.0000 0.0040
0.2747 0.0913 0.0087 0.0000 0.0070
0.3297 0.0907 0.0105 0.0000 0.0111
0.3846 0.0901 0.0123 0.0000 0.0164
0.4396 0.0894 0.0141 0.0000 0.0231
0.4945 0.0888 0.0159 0.0000 0.0312
0.5495 0.0882 0.0177 0.0000 0.0408
0.6044 0.0875 0.0195 0.0000 0.0522
0.6593 0.0869 0.0214 0.0000 0.0653
0.7143 0.0863 0.0233 0.0000 0.0802
0.7692 0.0857 0.0252 0.0000 0.0972
0.8242 0.0851 0.0270 0.0000 0.1163
0.8791 0.0845 0.0290 0.0000 0.1376
0.9341 0.0838 0.0309 0.0000 0.1612
0.9890 0.0832 0.0328 0.0000 0.1778
1.0440 0.0826 0.0348 0.0000 0.1791
1.0989 0.0820 0.0367 0.0000 0.1803
1.1538 0.0814 0.0387 0.0000 0.1816
1.2088 0.0808 0.0407 0.0000 0.1829
1.2637 0.0802 0.0427 0.0000 0.1842
1.3187 0.0796 0.0447 0.0000 0.1855
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1.3736 0.0790 0.0468 0.0000 0.1867
1.4286 0.0784 0.0488 0.0000 0.1880
1.4835 0.0779 0.0509 0.0000 0.1893
1.5000 0.0773 0.0515 0.0000 0.1897
              Bioretention Hydraulic Table

Stage(feet)Area(ac.)Volume(ac-ft.)Discharge(cfs)To Amended(cfs)Infilt(cfs)
1.5000 0.0941 0.0515 0.0000 0.4674 0.0013
1.5549 0.0947 0.0567 0.0000 0.4674 0.0026
1.6099 0.0954 0.0619 0.0000 0.5017 0.0039
1.6648 0.0960 0.0672 0.0000 0.5188 0.0052
1.7198 0.0967 0.0725 0.0000 0.5359 0.0066
1.7747 0.0973 0.0778 0.0000 0.5531 0.0079
1.8297 0.0980 0.0832 0.0000 0.5702 0.0092
1.8846 0.0987 0.0886 0.0000 0.5873 0.0106
1.9396 0.0993 0.0940 0.0000 0.6044 0.0119
1.9945 0.1000 0.0995 0.0000 0.6215 0.0133
2.0495 0.1007 0.1050 0.0000 0.6387 0.0146
2.1044 0.1013 0.1106 0.0000 0.6558 0.0160
2.1593 0.1020 0.1161 0.0000 0.6729 0.0173
2.2143 0.1027 0.1218 0.0000 0.6900 0.0187
2.2692 0.1033 0.1274 0.0000 0.7072 0.0201
2.3242 0.1040 0.1331 0.0000 0.7243 0.0214
2.3791 0.1047 0.1389 0.0000 0.7414 0.0228
2.4341 0.1054 0.1446 0.0000 0.7585 0.0242
2.4890 0.1061 0.1504 0.0000 0.7757 0.0256
2.5440 0.1068 0.1563 0.0000 0.7928 0.0270
2.5989 0.1075 0.1622 0.0000 0.8099 0.0284
2.6538 0.1081 0.1681 0.0000 0.8270 0.0298
2.7088 0.1088 0.1740 0.0000 0.8441 0.0312
2.7637 0.1095 0.1800 0.0000 0.8613 0.0326
2.8187 0.1102 0.1861 0.0000 0.8784 0.0340
2.8736 0.1109 0.1922 0.0000 0.8955 0.0354
2.9286 0.1116 0.1983 0.0000 0.9126 0.0368
2.9835 0.1123 0.2044 0.0000 0.9298 0.0382
3.0385 0.1130 0.2106 0.0000 0.9469 0.0397
3.0934 0.1138 0.2169 0.0000 0.9640 0.0411
3.1484 0.1145 0.2231 0.0000 0.9811 0.0426
3.2033 0.1152 0.2294 0.0000 0.9982 0.0440
3.2582 0.1159 0.2358 0.0000 1.0154 0.0454
3.3132 0.1166 0.2422 0.0000 1.0325 0.0469
3.3681 0.1173 0.2486 0.0000 1.0496 0.0484
3.4231 0.1181 0.2551 0.0000 1.0667 0.0498
3.4780 0.1188 0.2616 0.0000 1.0839 0.0513
3.5330 0.1195 0.2681 0.0000 1.1010 0.0528
3.5879 0.1202 0.2747 0.0000 1.1181 0.0542
3.6429 0.1210 0.2813 0.0000 1.1352 0.0557
3.6978 0.1217 0.2880 0.0000 1.1523 0.0572
3.7527 0.1224 0.2947 0.0000 1.1695 0.0587
3.8077 0.1232 0.3015 0.0000 1.1866 0.0602
3.8626 0.1239 0.3082 0.0000 1.2037 0.0617
3.9176 0.1247 0.3151 0.0000 1.2208 0.0632
3.9725 0.1254 0.3219 0.0000 1.2380 0.0647
4.0275 0.1262 0.3289 0.0000 1.2551 0.0662
4.0824 0.1269 0.3358 0.0000 1.2722 0.0677
4.1374 0.1277 0.3428 0.0000 1.2893 0.0692
4.1923 0.1284 0.3498 0.0000 1.3064 0.0708
4.2473 0.1292 0.3569 0.0000 1.3236 0.0723
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4.3022 0.1299 0.3640 0.0000 1.3407 0.0738
4.3571 0.1307 0.3712 0.0000 1.3578 0.0754
4.4121 0.1315 0.3784 0.0000 1.3749 0.0769
4.4670 0.1322 0.3856 0.0000 1.3921 0.0785
4.5220 0.1330 0.3929 0.0346 1.4023 0.0800
4.5769 0.1338 0.4002 0.2257 1.4023 0.0816
4.6319 0.1345 0.4076 0.5015 1.4023 0.0831
4.6868 0.1353 0.4150 0.8261 1.4023 0.0847
4.7418 0.1361 0.4225 1.1671 1.4023 0.0863
4.7967 0.1369 0.4300 1.4914 1.4023 0.0878
4.8516 0.1376 0.4375 1.7695 1.4023 0.0894
4.9066 0.1384 0.4451 1.9818 1.4023 0.0910
4.9615 0.1392 0.4527 2.1274 1.4023 0.0921
5.0000 0.1398 0.4581 2.2635 1.4023 0.0000
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Surface retention  1
Element Flows To:
Outlet 1 Outlet 2
Surface retention  3 Bioretention  1
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Bioretention  2
Bottom Length: 56.00 ft.
Bottom Width: 34.25 ft.
Material thickness of first layer: 1.5
Material type for first layer: SMMWW
Material thickness of second layer: 0
Material type for second layer: Sand
Material thickness of third layer: 0
Material type for third layer: GRAVEL 
Infiltration On
Infiltration rate: 2
Infiltration safety factor: 1
Wetted surface area On 
Total Volume Infiltrated (ac-ft.): 238.837
Total Volume Through Riser (ac-ft.): 0.28
Total Volume Through Facility (ac-ft.): 239.117
Percent Infiltrated: 99.88
Total Precip Applied to Facility: 10.871
Total Evap From Facility: 3.058
Underdrain not used
Discharge Structure
Riser Height: 2.8 ft.
Riser Diameter: 12 in.
Element Flows To:
Outlet 1 Outlet 2
Surface retention  3

              Bioretention Hydraulic Table

Stage(feet) Area(ac.) Volume(ac-ft.) Discharge(cfs) Infilt(cfs)
0.0000 0.0573 0.0000 0.0000 0.0000
0.0527 0.0571 0.0009 0.0000 0.0000
0.1055 0.0566 0.0019 0.0000 0.0000
0.1582 0.0561 0.0028 0.0000 0.0004
0.2110 0.0556 0.0038 0.0000 0.0021
0.2637 0.0551 0.0048 0.0000 0.0037
0.3165 0.0546 0.0058 0.0000 0.0058
0.3692 0.0541 0.0068 0.0000 0.0086
0.4220 0.0537 0.0078 0.0000 0.0121
0.4747 0.0532 0.0088 0.0000 0.0164
0.5275 0.0527 0.0098 0.0000 0.0215
0.5802 0.0522 0.0108 0.0000 0.0275
0.6330 0.0518 0.0119 0.0000 0.0345
0.6857 0.0513 0.0129 0.0000 0.0425
0.7385 0.0508 0.0140 0.0000 0.0516
0.7912 0.0504 0.0151 0.0000 0.0619
0.8440 0.0499 0.0161 0.0000 0.0733
0.8967 0.0494 0.0172 0.0000 0.0861
0.9495 0.0490 0.0183 0.0000 0.1002
1.0022 0.0485 0.0194 0.0000 0.1063
1.0549 0.0480 0.0206 0.0000 0.1073
1.1077 0.0476 0.0217 0.0000 0.1082
1.1604 0.0471 0.0228 0.0000 0.1092
1.2132 0.0467 0.0240 0.0000 0.1102
1.2659 0.0462 0.0251 0.0000 0.1111
1.3187 0.0458 0.0263 0.0000 0.1121
1.3714 0.0454 0.0275 0.0000 0.1131
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1.4242 0.0449 0.0287 0.0000 0.1141
1.4769 0.0445 0.0299 0.0000 0.1151
1.5000 0.0440 0.0304 0.0000 0.1155
              Bioretention Hydraulic Table

Stage(feet)Area(ac.)Volume(ac-ft.)Discharge(cfs)To Amended(cfs)Infilt(cfs)
1.5000 0.0573 0.0304 0.0000 0.2664 0.0010
1.5527 0.0578 0.0335 0.0000 0.2664 0.0020
1.6055 0.0583 0.0365 0.0000 0.2851 0.0030
1.6582 0.0588 0.0396 0.0000 0.2945 0.0040
1.7110 0.0593 0.0427 0.0000 0.3039 0.0050
1.7637 0.0598 0.0459 0.0000 0.3132 0.0061
1.8165 0.0603 0.0490 0.0000 0.3226 0.0071
1.8692 0.0608 0.0522 0.0000 0.3320 0.0081
1.9220 0.0613 0.0554 0.0000 0.3413 0.0092
1.9747 0.0618 0.0587 0.0000 0.3507 0.0102
2.0275 0.0623 0.0620 0.0000 0.3601 0.0112
2.0802 0.0629 0.0653 0.0000 0.3694 0.0123
2.1330 0.0634 0.0686 0.0000 0.3788 0.0133
2.1857 0.0639 0.0720 0.0000 0.3882 0.0144
2.2385 0.0644 0.0753 0.0000 0.3975 0.0154
2.2912 0.0649 0.0788 0.0000 0.4069 0.0165
2.3440 0.0655 0.0822 0.0000 0.4163 0.0176
2.3967 0.0660 0.0857 0.0000 0.4256 0.0186
2.4495 0.0665 0.0892 0.0000 0.4350 0.0197
2.5022 0.0671 0.0927 0.0000 0.4444 0.0208
2.5549 0.0676 0.0962 0.0000 0.4537 0.0219
2.6077 0.0681 0.0998 0.0000 0.4631 0.0230
2.6604 0.0687 0.1034 0.0000 0.4725 0.0241
2.7132 0.0692 0.1071 0.0000 0.4818 0.0252
2.7659 0.0698 0.1107 0.0000 0.4912 0.0263
2.8187 0.0703 0.1144 0.0000 0.5006 0.0274
2.8714 0.0709 0.1181 0.0000 0.5099 0.0285
2.9242 0.0714 0.1219 0.0000 0.5193 0.0296
2.9769 0.0720 0.1257 0.0000 0.5287 0.0307
3.0297 0.0725 0.1295 0.0000 0.5380 0.0318
3.0824 0.0731 0.1333 0.0000 0.5474 0.0329
3.1352 0.0736 0.1372 0.0000 0.5568 0.0341
3.1879 0.0742 0.1411 0.0000 0.5662 0.0352
3.2407 0.0747 0.1450 0.0000 0.5755 0.0363
3.2934 0.0753 0.1490 0.0000 0.5849 0.0375
3.3462 0.0759 0.1530 0.0000 0.5943 0.0386
3.3989 0.0764 0.1570 0.0000 0.6036 0.0398
3.4516 0.0770 0.1610 0.0000 0.6130 0.0409
3.5044 0.0776 0.1651 0.0000 0.6224 0.0421
3.5571 0.0782 0.1692 0.0000 0.6317 0.0432
3.6099 0.0787 0.1733 0.0000 0.6411 0.0444
3.6626 0.0793 0.1775 0.0000 0.6505 0.0456
3.7154 0.0799 0.1817 0.0000 0.6598 0.0468
3.7681 0.0805 0.1859 0.0000 0.6692 0.0479
3.8209 0.0811 0.1902 0.0000 0.6786 0.0491
3.8736 0.0816 0.1945 0.0000 0.6879 0.0503
3.9264 0.0822 0.1988 0.0000 0.6973 0.0515
3.9791 0.0828 0.2032 0.0000 0.7067 0.0527
4.0319 0.0834 0.2076 0.0000 0.7160 0.0539
4.0846 0.0840 0.2120 0.0000 0.7254 0.0551
4.1374 0.0846 0.2164 0.0000 0.7348 0.0563
4.1901 0.0852 0.2209 0.0000 0.7441 0.0575
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4.2429 0.0858 0.2254 0.0000 0.7535 0.0587
4.2956 0.0864 0.2300 0.0000 0.7629 0.0599
4.3484 0.0870 0.2345 0.1127 0.7636 0.0612
4.4011 0.0876 0.2391 0.3390 0.7636 0.0624
4.4538 0.0882 0.2438 0.6273 0.7636 0.0636
4.5066 0.0888 0.2484 0.9487 0.7636 0.0649
4.5593 0.0895 0.2531 1.2742 0.7636 0.0661
4.6121 0.0901 0.2579 1.5750 0.7636 0.0673
4.6648 0.0907 0.2626 1.8269 0.7636 0.0686
4.7176 0.0913 0.2674 2.0158 0.7636 0.0698
4.7703 0.0919 0.2723 2.1459 0.7636 0.0706
4.8000 0.0923 0.2750 2.2779 0.7636 0.0000
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Surface retention  2
Element Flows To:
Outlet 1 Outlet 2
Surface retention  3 Bioretention  2
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Bioretention  3
Bottom Length: 144.80 ft.
Bottom Width: 102.80 ft.
Material thickness of first layer: 1.5
Material type for first layer: SMMWW
Material thickness of second layer: 0
Material type for second layer: Sand
Material thickness of third layer: 0
Material type for third layer: GRAVEL 
Infiltration On
Infiltration rate: 2
Infiltration safety factor: 1
Wetted surface area On 
Total Volume Infiltrated (ac-ft.): 647.538
Total Volume Through Riser (ac-ft.): 0
Total Volume Through Facility (ac-ft.): 647.538
Percent Infiltrated: 100
Total Precip Applied to Facility: 75.128
Total Evap From Facility: 20.838
Underdrain not used
Discharge Structure
Riser Height: 2.3 ft.
Riser Diameter: 12 in.
Element Flows To:
Outlet 1 Outlet 2

              Bioretention Hydraulic Table

Stage(feet) Area(ac.) Volume(ac-ft.) Discharge(cfs) Infilt(cfs)
0.0000 0.3767 0.0000 0.0000 0.0000
0.0473 0.3758 0.0065 0.0000 0.0000
0.0945 0.3747 0.0130 0.0000 0.0000
0.1418 0.3736 0.0195 0.0000 0.0015
0.1890 0.3724 0.0261 0.0000 0.0120
0.2363 0.3713 0.0327 0.0000 0.0210
0.2835 0.3702 0.0393 0.0000 0.0330
0.3308 0.3691 0.0459 0.0000 0.0486
0.3780 0.3680 0.0525 0.0000 0.0680
0.4253 0.3669 0.0592 0.0000 0.0914
0.4725 0.3658 0.0659 0.0000 0.1191
0.5198 0.3646 0.0726 0.0000 0.1515
0.5670 0.3635 0.0793 0.0000 0.1887
0.6143 0.3624 0.0860 0.0000 0.2310
0.6615 0.3613 0.0928 0.0000 0.2786
0.7088 0.3602 0.0996 0.0000 0.3319
0.7560 0.3591 0.1064 0.0000 0.3909
0.8033 0.3580 0.1132 0.0000 0.4560
0.8505 0.3569 0.1200 0.0000 0.5274
0.8978 0.3558 0.1269 0.0000 0.6053
0.9451 0.3547 0.1338 0.0000 0.6899
0.9923 0.3536 0.1407 0.0000 0.7354
1.0396 0.3525 0.1476 0.0000 0.7376
1.0868 0.3515 0.1546 0.0000 0.7398
1.1341 0.3504 0.1615 0.0000 0.7421
1.1813 0.3493 0.1685 0.0000 0.7443
1.2286 0.3482 0.1755 0.0000 0.7466
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1.2758 0.3471 0.1826 0.0000 0.7488
1.3231 0.3460 0.1896 0.0000 0.7511
1.3703 0.3450 0.1967 0.0000 0.7534
1.4176 0.3439 0.2038 0.0000 0.7556
1.4648 0.3428 0.2109 0.0000 0.7579
1.5000 0.3417 0.2162 0.0000 0.7596
              Bioretention Hydraulic Table

Stage(feet)Area(ac.)Volume(ac-ft.)Discharge(cfs)To Amended(cfs)Infilt(cfs)
1.5000 0.3767 0.2162 0.0000 2.0674 0.0023
1.5473 0.3778 0.2341 0.0000 2.0674 0.0045
1.5945 0.3789 0.2519 0.0000 2.1977 0.0068
1.6418 0.3800 0.2699 0.0000 2.2628 0.0091
1.6890 0.3812 0.2879 0.0000 2.3279 0.0114
1.7363 0.3823 0.3059 0.0000 2.3931 0.0137
1.7835 0.3834 0.3240 0.0000 2.4582 0.0160
1.8308 0.3846 0.3421 0.0000 2.5233 0.0183
1.8780 0.3857 0.3603 0.0000 2.5884 0.0206
1.9253 0.3869 0.3786 0.0000 2.6536 0.0229
1.9725 0.3880 0.3969 0.0000 2.7187 0.0252
2.0198 0.3891 0.4153 0.0000 2.7838 0.0275
2.0670 0.3903 0.4337 0.0000 2.8490 0.0298
2.1143 0.3914 0.4521 0.0000 2.9141 0.0321
2.1615 0.3926 0.4707 0.0000 2.9792 0.0344
2.2088 0.3937 0.4892 0.0000 3.0443 0.0368
2.2560 0.3949 0.5079 0.0000 3.1095 0.0391
2.3033 0.3960 0.5266 0.0000 3.1746 0.0414
2.3505 0.3972 0.5453 0.0000 3.2397 0.0438
2.3978 0.3984 0.5641 0.0000 3.3048 0.0461
2.4451 0.3995 0.5829 0.0000 3.3700 0.0484
2.4923 0.4007 0.6019 0.0000 3.4351 0.0508
2.5396 0.4018 0.6208 0.0000 3.5002 0.0531
2.5868 0.4030 0.6398 0.0000 3.5654 0.0555
2.6341 0.4042 0.6589 0.0000 3.6305 0.0578
2.6813 0.4053 0.6780 0.0000 3.6956 0.0602
2.7286 0.4065 0.6972 0.0000 3.7607 0.0625
2.7758 0.4077 0.7164 0.0000 3.8259 0.0649
2.8231 0.4088 0.7357 0.0000 3.8910 0.0673
2.8703 0.4100 0.7551 0.0000 3.9561 0.0696
2.9176 0.4112 0.7745 0.0000 4.0213 0.0720
2.9648 0.4124 0.7939 0.0000 4.0864 0.0744
3.0121 0.4135 0.8134 0.0000 4.1515 0.0768
3.0593 0.4147 0.8330 0.0000 4.2166 0.0791
3.1066 0.4159 0.8526 0.0000 4.2818 0.0815
3.1538 0.4171 0.8723 0.0000 4.3469 0.0839
3.2011 0.4183 0.8921 0.0000 4.4120 0.0863
3.2484 0.4195 0.9118 0.0000 4.4771 0.0887
3.2956 0.4206 0.9317 0.0000 4.5423 0.0911
3.3429 0.4218 0.9516 0.0000 4.6074 0.0935
3.3901 0.4230 0.9716 0.0000 4.6725 0.0959
3.4374 0.4242 0.9916 0.0000 4.7377 0.0983
3.4846 0.4254 1.0117 0.0000 4.8028 0.1007
3.5319 0.4266 1.0318 0.0000 4.8679 0.1032
3.5791 0.4278 1.0520 0.0000 4.9330 0.1056
3.6264 0.4290 1.0722 0.0000 4.9982 0.1080
3.6736 0.4302 1.0925 0.0000 5.0633 0.1104
3.7209 0.4314 1.1129 0.0000 5.1284 0.1128
3.7681 0.4326 1.1333 0.0000 5.1936 0.1153
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3.8154 0.4338 1.1538 0.0203 5.2375 0.1177
3.8626 0.4350 1.1743 0.1660 5.2375 0.1202
3.9099 0.4362 1.1949 0.3835 5.2375 0.1226
3.9571 0.4374 1.2155 0.6467 5.2375 0.1250
4.0044 0.4387 1.2362 0.9350 5.2375 0.1275
4.0516 0.4399 1.2570 1.2276 5.2375 0.1299
4.0989 0.4411 1.2778 1.5036 5.2375 0.1324
4.1462 0.4423 1.2987 1.7445 5.2375 0.1349
4.1934 0.4435 1.3196 1.9373 5.2375 0.1373
4.2407 0.4447 1.3406 2.0789 5.2375 0.1398
4.2879 0.4460 1.3616 2.1805 5.2375 0.1404
4.3000 0.4463 1.3670 2.3041 5.2375 0.0000

mhowsden
Rectangle



DRAFT

Kingswood Commercial_AllBasins2 9/29/2022 1:04:09 PM Page 21

Surface retention  3
Element Flows To:
Outlet 1 Outlet 2

Bioretention  3
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Analysis Results
POC 1

+ Predeveloped x Mitigated

Predeveloped Landuse Totals for POC #1
Total Pervious Area: 8.7
Total Impervious Area: 0

Mitigated Landuse Totals for POC #1
Total Pervious Area: 3.77
Total Impervious Area: 4.93

Flow Frequency Method: Log Pearson Type III 17B

Flow Frequency Return Periods for Predeveloped.  POC #1
Return Period Flow(cfs)
2 year 0.047618
5 year 0.14735
10 year 0.265941
25 year 0.499168
50 year 0.749721
100 year 1.08093

Flow Frequency Return Periods for Mitigated.  POC #1
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 #1
Year Predeveloped Mitigated
1956 0.092 0.000
1957 0.050 0.000
1958 0.039 0.000
1959 0.034 0.000
1960 0.204 0.000
1961 0.181 0.000
1962 0.007 0.000
1963 0.268 0.000
1964 0.154 0.000
1965 0.171 0.000
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1966 0.087 0.000
1967 0.058 0.000
1968 0.040 0.000
1969 0.008 0.000
1970 0.030 0.000
1971 0.058 0.000
1972 0.143 0.000
1973 0.007 0.000
1974 0.105 0.000
1975 0.062 0.000
1976 0.055 0.000
1977 0.007 0.000
1978 0.053 0.000
1979 0.021 0.000
1980 0.044 0.000
1981 0.056 0.000
1982 0.046 0.000
1983 0.024 0.000
1984 0.112 0.000
1985 0.007 0.000
1986 0.099 0.000
1987 0.584 0.000
1988 0.007 0.000
1989 0.007 0.000
1990 0.336 0.000
1991 0.292 0.000
1992 0.007 0.000
1993 0.015 0.000
1994 0.007 0.000
1995 0.046 0.000
1996 0.172 0.000
1997 0.184 0.000
1998 0.030 0.000
1999 0.212 0.000
2000 0.025 0.000
2001 0.007 0.000
2002 0.050 0.000
2003 0.007 0.000
2004 0.235 0.000
2005 0.007 0.000
2006 0.692 0.000
2007 0.217 0.000
2008 0.017 0.000

Ranked Annual Peaks
Ranked Annual Peaks for Predeveloped and Mitigated.  POC #1
Rank Predeveloped Mitigated
1 0.6918 0.0000
2 0.5840 0.0000
3 0.3358 0.0000
4 0.2918 0.0000
5 0.2680 0.0000
6 0.2355 0.0000
7 0.2174 0.0000
8 0.2120 0.0000
9 0.2042 0.0000
10 0.1837 0.0000
11 0.1813 0.0000
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12 0.1720 0.0000
13 0.1706 0.0000
14 0.1540 0.0000
15 0.1435 0.0000
16 0.1119 0.0000
17 0.1050 0.0000
18 0.0989 0.0000
19 0.0922 0.0000
20 0.0868 0.0000
21 0.0624 0.0000
22 0.0579 0.0000
23 0.0577 0.0000
24 0.0563 0.0000
25 0.0551 0.0000
26 0.0531 0.0000
27 0.0503 0.0000
28 0.0500 0.0000
29 0.0463 0.0000
30 0.0458 0.0000
31 0.0438 0.0000
32 0.0396 0.0000
33 0.0390 0.0000
34 0.0341 0.0000
35 0.0302 0.0000
36 0.0295 0.0000
37 0.0246 0.0000
38 0.0244 0.0000
39 0.0215 0.0000
40 0.0175 0.0000
41 0.0147 0.0000
42 0.0078 0.0000
43 0.0070 0.0000
44 0.0070 0.0000
45 0.0070 0.0000
46 0.0070 0.0000
47 0.0069 0.0000
48 0.0069 0.0000
49 0.0069 0.0000
50 0.0069 0.0000
51 0.0069 0.0000
52 0.0069 0.0000
53 0.0069 0.0000
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Duration Flows
The Facility PASSED

Flow(cfs) Predev Mit Percentage Pass/Fail
0.0238 272 0 0 Pass
0.0311 194 0 0 Pass
0.0385 150 0 0 Pass
0.0458 124 0 0 Pass
0.0531 99 0 0 Pass
0.0605 84 0 0 Pass
0.0678 76 0 0 Pass
0.0751 62 0 0 Pass
0.0825 54 0 0 Pass
0.0898 50 0 0 Pass
0.0971 42 0 0 Pass
0.1045 40 0 0 Pass
0.1118 33 0 0 Pass
0.1191 31 0 0 Pass
0.1265 28 0 0 Pass
0.1338 27 0 0 Pass
0.1411 27 0 0 Pass
0.1485 26 0 0 Pass
0.1558 24 0 0 Pass
0.1631 21 0 0 Pass
0.1705 21 0 0 Pass
0.1778 19 0 0 Pass
0.1851 16 0 0 Pass
0.1925 15 0 0 Pass
0.1998 15 0 0 Pass
0.2071 14 0 0 Pass
0.2145 13 0 0 Pass
0.2218 11 0 0 Pass
0.2291 11 0 0 Pass
0.2364 10 0 0 Pass
0.2438 8 0 0 Pass
0.2511 7 0 0 Pass
0.2584 7 0 0 Pass
0.2658 7 0 0 Pass
0.2731 6 0 0 Pass
0.2804 6 0 0 Pass
0.2878 6 0 0 Pass
0.2951 5 0 0 Pass
0.3024 5 0 0 Pass
0.3098 5 0 0 Pass
0.3171 5 0 0 Pass
0.3244 4 0 0 Pass
0.3318 4 0 0 Pass
0.3391 3 0 0 Pass
0.3464 3 0 0 Pass
0.3538 3 0 0 Pass
0.3611 3 0 0 Pass
0.3684 3 0 0 Pass
0.3758 3 0 0 Pass
0.3831 3 0 0 Pass
0.3904 3 0 0 Pass
0.3978 3 0 0 Pass
0.4051 3 0 0 Pass
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0.4124 3 0 0 Pass
0.4198 3 0 0 Pass
0.4271 3 0 0 Pass
0.4344 3 0 0 Pass
0.4418 3 0 0 Pass
0.4491 3 0 0 Pass
0.4564 3 0 0 Pass
0.4638 3 0 0 Pass
0.4711 3 0 0 Pass
0.4784 3 0 0 Pass
0.4858 3 0 0 Pass
0.4931 3 0 0 Pass
0.5004 3 0 0 Pass
0.5078 3 0 0 Pass
0.5151 3 0 0 Pass
0.5224 3 0 0 Pass
0.5297 3 0 0 Pass
0.5371 3 0 0 Pass
0.5444 3 0 0 Pass
0.5517 3 0 0 Pass
0.5591 3 0 0 Pass
0.5664 3 0 0 Pass
0.5737 3 0 0 Pass
0.5811 3 0 0 Pass
0.5884 2 0 0 Pass
0.5957 2 0 0 Pass
0.6031 2 0 0 Pass
0.6104 2 0 0 Pass
0.6177 2 0 0 Pass
0.6251 2 0 0 Pass
0.6324 2 0 0 Pass
0.6397 2 0 0 Pass
0.6471 1 0 0 Pass
0.6544 1 0 0 Pass
0.6617 1 0 0 Pass
0.6691 1 0 0 Pass
0.6764 1 0 0 Pass
0.6837 1 0 0 Pass
0.6911 1 0 0 Pass
0.6984 0 0 0 Pass
0.7057 0 0 0 Pass
0.7131 0 0 0 Pass
0.7204 0 0 0 Pass
0.7277 0 0 0 Pass
0.7351 0 0 0 Pass
0.7424 0 0 0 Pass
0.7497 0 0 0 Pass
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LID Report
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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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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. 2005-2022; 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 

SOIL MANAGEMENT PLAN 

 

TO BE INCLUDED AS PART OF THE CONSTRUCTION DOCUMENT SUBMITTAL 
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APPENDIX 3 

SUPPLEMENTAL REPORTS AND INFORMATION 
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CITY OF TUMWATER DRAINAGE DESIGN AND EROSION CONTROL MANUAL 

July 2022 Volume I – Minimum Technical Requirements and Site Planning 2-5 

 

Figure 2.1. Flow Chart for Determining Requirements for New Development. 

  

Does the site have 35% 
or more of existing 

impervious coverage? 

See Redevelopment 
(Section 2.4.2) and 

Flow Chart. 
(Figure 2.2). 

Yes 

Does the project convert 0.75 acre or more of vegetation to 
lawn or landscaped areas? 

OR 
Convert 2.5 acres or more of native vegetation to pasture? 

OR 
Does the project result in 5,000 square feet or more of new 

plus replaced hard surface area? 
 

No 

Start Here: 

No 

Yes 

Does the project result 
in 2,000 square feet, or 

greater, of new plus 
replaced hard surface 

area? 
OR 

Does the project have 
land disturbing activities 
of 7,000 square feet or 

more? 

All minimum 
requirements apply to 
the new and replaced 

hard surfaces and 
converted vegetation 

areas. 
Minimum Requirements 
#1 through #5 and #11 
apply to the new and 

replaced hard surfaces 
and the land disturbed. 

No 

Yes 

Minimum Requirements 
#2 and #4 apply. Does the site have 

existing impervious 
area? 

Next Question 
 

No additional 
requirements. 

Review Additional Requirements 
for Redevelopment Project Sites 
in Section 2.3.2 to determine if 
retrofitting existing surface is 

required. 
 

Yes 

No 
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CITY OF TUMWATER DRAINAGE DESIGN AND EROSION CONTROL MANUAL 

July 2022 Volume I – Minimum Technical Requirements and Site Planning 2-21 

 

Figure 2.3. Flow Chart for Determining Minimum Requirement #5 Requirements. 
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1.0 INTRODUCTION 
 
This report is the result of a Mazama Pocket Gopher and regulated prairie survey of the 5.76-acre and 
3.24-acre parcel numbers 12703240403 and 12703240404 at 1401 KINGSWOOD DR SW and 1551 
KINGSWOOD DR SW, with the legal descriptions of Section 03 Township 17 Range 2W Quarter NE NW & 
SE NW TR B BLA03744 3500815 EXCEPT PTN DEDICATED TO CITY OF TUMWATER PER AFN 3539066 and 
Section 03 Township 17 Range 2W Quarter NE NW BLA027432 TR D Document 3472425 EXC PTN TO 
CITY OF TUMWATER PER AFN:3539066; EXC PTN FOR RD PER AFN:3991167; ALSO EXC PTN FOR RD PER 
AFN:4158266 in the City of Tumwater, WA (Figure 1). 
 

 
 

The Purpose of this report is to provide a study of the presence or absence of indicators of the Mazama 
Pocket Gopher (Thomomys Mazama) (MPG) and Regulated Prairie Under Tumwater City Code (TCC) 
Chapter 24.    
 

Mazama Pocket Gopher 
Four subspecies of Mazama pocket gophers found in Thurston County are listed as threatened under the 
Endangered Species Act (ESA). Impacts to Mazama pocket gophers should be avoided or addressed 
through USFWS permitting processes.  The presence of this species on a property may have regulatory 
implications that may limit the amount or type of development that can occur on a property in order to 
avoid “take” of the species.  Take is defined under the ESA as harass, harm, pursue, hunt, shoot, wound, 
kill, trap, capture, or collect any threatened or endangered species. 
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This study should allow the reader to assess whether the Mazama pocket gopher is likely to be found on 
site and what the implications of its presence or absence may have with regard to permitting a 
residence or other structures or development. 
 
Regulated Prairie, Garry Oaks and Mima Mounds 
 
The parcel contains soil types associated with prairies as defined in the Thurston County Critical Areas 
Ordinance (CAO 24.25). Transects were walked throughout the parcel (or at least throughout the 
building envelope and 50-foot buffer area). A list of plant species encountered during the survey was 
recorded and CAO target prairie plants were noted. Regulated prairie can be either wet or dry outwash 
prairie and is critical habitat for the Taylors checkerspot butterfly and the Mardon skipper butterfly.  
Prairie habitat is regulated if three indictor species are found within 5 meters (15 feet) of each other 
with 25 or more of each species in the plot.  
 

 

2.0 METHODS 
 
2.1 Review of Existing Information 
 
Background Review    
Background information on the subject property was reviewed prior to field investigations and included 
the following: 
 

• Thurston County Geodata Gopher Soils Shapefiles 

• WDFW Priority Habitats and Species Information 

• USFWS species list information 

• WDFW species information 

 
2.2 Summary of Existing Information 
The existing information shows Nisqually loamy fine sand, 0 to 3 percent slopes, which is more preferred 
by the MPG, withing 300 feet of the subject parcel (Figure 2) and (Attachment A). 
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The WDFW Priority Habitats and Species Map shows MPG occupancy in 1995 within 600 feet of the 
subject parcel. (Appendix B). 
 
 

2.3  2021 Mazama Pocket Gopher Protocol 
 
A. General Information – 2021 Approach 
1. The MPG review season will run June 1-October 31, 2021. 

 

2. The protocol described in this memorandum will only apply to properties not known to 

be occupied by MPG since April 2014, the date of the federal listing. 

 
The property was not known to be occupied by the MPG since April 2014. 
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3. Negative determinations will be valid for the length of the underlying County permit or 

approval, per County code. 

 
The determination is negative. 
 

4. Qualified consultants may perform field reviews and submit results for County 

evaluation, per the CAO. Consultants must have received training from USFWS at one of 

the two trainings offered in May/June 2021 and is certified to conduct these surveys. 

 
Alex Callender is qualified as a consultant as he received training and certification during the May 2019 
class conducted by the United States Fish and Wildlife Service. 
 

B. In-Office Procedures 
1. Staff will review land use applications to determine if the MPG field screening 

protocols described in this memorandum must be initiated for the following: 

 
a. Within 600 feet of a site known to have positive MPG occurrence ; or 

 
The properties are within 600 feet of a site known to have a positive MPG occurrence. 
 

b. On or within 300 feet of a soil type known to be associated with MPG occupancy. 
 
The existing information shows Nisqually loamy fine sand, 0 to 3 percent slopes within 300 feet of the 

subject parcel. 

 

2. County staff will determine if other factors preclude the need for field screening. See 

Preliminary assessment below. 

 

3. County staff will notify applicants if their application cannot be excluded from further 

review. 

 

4. Applicants may hire a consultant to perform field review, or may request that field review 

be conducted by County staff according to the protocol described in this memorandum. 

 

5. County staff will review critical area reports submitted by consultants. 

 

6. For sites to be screened by the County, staff will coordinate site visits with 

landowners/applicants, ensure advance notification and property access, and develop site visit 

schedules. 

 

7. For sites where no MPG activity is observed, the County will provide applicants with a 

project condition that requires them to stop construction activity and alert the County and 

USFWS if evidence of MPG occupancy is observed. 

 
N/A - No activity observed 
 

8. Thurston County landowners who know or learn that Mazama pocket gophers are present 

on their property can move forward with their proposed development by: 1) proposing 
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mitigation to the County as directed in the County’s Critical Areas Ordinance (Title 24 

TCC); or 2) contacting USFWS directly to discuss the review, assessment, and mitigation 

process most appropriate for their site(s) and proposed activities; or 3) waiting to 

participate in the yet to be completed Thurston County HCP.  

 

C. Preliminary Assessment 
As land use applications are received, properties mapped with or within 300 feet of gopher 

and/or prairie soils undergo the following preliminary assessment in-office. 

 

1. For properties or project areas that appear to meet County criteria below, an internal 

review is conducted by staff biologist to determine if the project may be released 

from the full gopher review process. The following criteria may release a project 

from further gopher review: 

• Locations west of the Black River, or on the Steamboat Island or Cooper Point 

peninsulas. 

N/A 

• Sites submerged for 30 consecutive days or more since October 31, 2017. 

N/A 

• Sites covered with impervious surfaces (as defined in CAO Chapter 17.15 and 

Title 24). 

N/A 

• Fully forested (>30%) sites with shrub and fern understory. 

N/A 

• Sites that consist of slopes greater than 40 percent, or that contain landslide 

hazard areas (per existing County regulations). 

N/A 

• Sites on less preferred MPG soils north of Interstate 5. 

N/A 

• Building to take place in the footprint of an existing structure (also mobile 

home replacements in the same footprint). 

N/A 

• Mobile home replacements in existing lots in an existing mobile home park. 

N/A 

• Heating oil tank removal 

N/A 

• Foundation repair 

N/A 

• Projects which lie >300 feet from mapped gopher soils. 

The parcel is within 300 feet of mapped gopher soils. 

 

2. If a property and/or project area do not meet internal review criteria, the project is put 

    on a list to be scheduled for full MPG review during the appropriate seasonal review 

    period. 

 

 

 

 

 



Kingswood Capital Inc MPG and Regulated Prairie Absence Report 

- 7 - 

Land Services Northwest  October 15, 2021 

3. In addition to the in-office preliminary assessment, the County HCP biologist may, if 

    time allows, visit properties prior to the first gopher review in order to screen for 

    prairie habitat. This screening process focuses on the presence or absence of native 

    prairie plants, Oregon white oak trees (Quercus garryana), or Mima mounds protected 

    under the Critical Areas Ordinance (CAO). 
 
The site was evaluated for Regulated prairie plants on August 27 and during the two gopher studies on 
September 14 and October 14, 2021. No CAO regulated prairie plants were found.  
 
No Mima mounds were found. 
 
Garry oaks were found and locations are shown on the transect maps in Appendix C. 
 

D. Implementation Measures 
In order to ensure the review process runs efficiently, the following measures will be 

implemented as part of the 2021 screening approach. These are intended to reduce costs and staff 

time, and ensure that MPG screening requests, especially those associated with building permit 

applications, are screened during the screening season. 

 

1. No soil verification will be required in conjunction with MPG field screening. 

 

2. Site mowing or brushing will be required to initiate first site visits, where necessary and 

    feasible, and completed two to four weeks in advance of the site visit. 

 
    The ground was visible.  
 

3. No further screening will be conducted in 2021 following the detection of MPG mounds 

    on a property. The County will notify landowners that MPG evidence has been detected 

    within two weeks.  

 
    The Mazama pocket gopher mounds were not found. 
 

4. At the end of the 2021 season, County staff will provide data regarding MPG occupancy 

    to USFWS. 

 

5. No additional site visit will be required if indeterminate mounds are detected, if the full 

    number of required visits has been completed. 

 
    N/A 
 

6. The County will prioritize project specific applications over non-project applications. 

    This will help ensure that applicants that have projects ready for construction will receive 

    necessary permits and may initiate construction in a timely manner. 

 

E. Site Visit Overview 
County field personnel or hired consultants will conduct field observations to determine MPG 

presence on sites with potential habitat. These site visits will be conducted as follows: 
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1. All valid site visits must be conducted from June 1 through October 31, 2021. Site visits 

outside that survey window will not be considered valid.

Site visits were conducted on September 14 and October 14, 2021.

2. A site or parcel is considered to be the entire property, not just the footprint of the 
proposed project.

A portion of the properties are excluded and is shown on the transect maps in Appendix C. 

3. Sites with less preferred soils (see Attachment A) will be visited two (2) times, at least 30

days apart.

The site was visited to two times during the proper study period 30 days apart. 

4. Sites with more preferred soils (see Attachment A) will be visited two (2) times, at least

30 days apart.

5. Site conditions must be recorded on a data sheet or similar information documented in

narrative form. A template data sheet can be found on the County website at

http://www.co.thurston.wa.us/permitting/gopher-reviews/index.html

The data sheets are provided in Appendix C.

6. Document and describe which areas of the parcel cannot be screened due to limited

accessibility and/or dense understory. This should be depicted on an aerial or site plan

submitted to the County.

The entire parcel was surveyed.

7. The ground must be easily visible to ensure mound observation and identification.

Request mowing if necessary to ensure visibility. Wait two to three weeks after mowing

before beginning screening.

 The ground was visible. 

http://www.co.thurston.wa.us/permitting/gopher-reviews/index.html F. Detailed Field Methodology 

1. The survey crew orients themselves with the layout of the property using aerial maps, and

strategizes their route for walking through the property.

2. Start GPS to record survey route.

3. Walk the survey transects methodically, slowly walking a straight line and scanning an

area approximately 2-3 meters to the left and right as you walk, looking for mounds.

Transects should be no more than five (5) meters apart when conducted by a single

individual.

http://www.co.thurston.wa.us/permitting/gopher-reviews/index.html
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4. If the survey is performed by a team, walk together in parallel lines approximately 5 

    meters apart while you are scanning left to right for mounds. 

 
    The survey was conducted according to the protocol. 
 

5. At each mound found, stop and identify it as a MPG or mole mound. If it is a MPG 

    mound, identify it as a singular mound or a group (3 mounds or more) on a data sheet to 

    be submitted to the County. (County has developed data sheets for your use on 

    http://www.co.thurston.wa.us/permitting/gopher-reviews/index.html ) 

 
No MPG mounds were found. The mounds found on site were typical of moles which are round, clumpy 
and the show was in a linear fashion. 
 

6. Record all positive MPG mounds, likely MPG mounds, and MPG mound groups in a 

    GPS unit that provides a date, time, georeferenced point, and other required information  

    in County GPS data instruction for each MPG mound. Submit GPS data in a form 

    acceptable to the County. County GPS Data instruction can be found at 

    http://www.co.thurston.wa.us/permitting/gopher-reviews/index.html 

 

    N /A 
 

7. Photograph all MPG mounds or MPG mound groups. At a minimum, photograph MPG 

    mounds or MPG mound groups representative of MPG detections on site. 

 
    No MPG mounds found. 
 

8. Photos of mounds should include one that has identifiable landscape features for 

    reference. In order to accurately depict the presence of gopher activity on a specific 

    property, the following series of photos should be submitted to the County: 

• At least one up-close photo to depict mound characteristics 

No MPG mounds were found. 
• At least one photo depicting groups of mounds as a whole (when groups are 

encountered). 
 N/A 

• At least one photo depicting gopher mounds with recognizable landscape features 

in the background, at each location where mounds are detected on a property 
N/A 

•  Photos can be taken with the GPS unit or a separate, camera, preferably a camera 

with locational features (latitude, longitude) 
N/A 

• Photo point description or noteworthy landscape or other features to aid in 

relocation. Additional photos to be considered. 
N/A 

• The approximate building footprint location from at least two cardinal directions. 
N/A  
 
 

http://www.co.thurston.wa.us/permitting/gopher-reviews/index.html
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• Landscape photos to depict habitat type and in some cases to indicate why not all

portions of a property require gopher screening.
Appendix A Photos

9. Describe and/or quantify what portion and proportion of the property was screened, and

record your survey route and any MPG mounds found on either an aerial or parcel map.

     A portion of the properties is excluded and is shown on the transect maps in Appendix C. 

10. If MPG mounds are observed on a site, that day’s survey effort should continue until the

entire site is screened and all mounds present identified, but additional site visits are not

required.

No mounds were found.

11. In order for the County to accurately review Critical Area Reports submitted in lieu of

County field inspections the information collected in the field (GPS, data sheets, field

notes, transect representations on aerial, etc.) shall be filed with the County. GPS

No mounds were found, the information was submitted in an acceptable format.

2021 Regulated Prairie, Garry Oaks and Mima Mounds Protocol 
The parcel contains soil types associated with prairies as defined in the Thurston County Critical Areas 
Ordinance (CAO 24.25).   

Transects were walked throughout the parcel.  A list of plant species encountered during the survey was 
recorded and CAO target prairie plants were noted. Regulated prairie can be either wet or dry outwash 
prairie and is critical habitat for the Taylors checkerspot butterfly and the Mardon skipper butterfly.  
Prairie habitat is regulated if three indicator species are found within 5 meters (15 feet) of each other 
with 25 or more of each species in the plot.  

The site was evaluated for Regulated prairie plants on August 27 during the gopher studies on 
September 14 and October 14, 2021.  

No prairie plant species identified in the Thurston County CAO were detected on the parcel. 

No Mima mounds were found. 

Garry oaks were found and their locations are shown on the transect maps in Appendix C. 

If prairie habitat is detected elsewhere on the property, the landowner must be informed in order 
to avoid future disturbance of this habitat. Target plant species may be hand-drawn on the aerial 
map or logged using GPS equipment, depending on availability. Existing and ongoing agricultural 
activities may continue. 

The landowner was informed regarding the Garry oaks. 
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3.0 CURRENT CONDITIONS AND METHODS 

Land Services Northwest conducted a survey on September 14 and October 14, 2021, walking the area 
and looking for signs of the MPG and regulated prairie in accordance with the protocol.  

The 5.76-acre and 3.24-acre parcels are undeveloped vacant fields with uneven terrain.  There are large 
retail stores to the north and east, small commercial businesses to the south and a school, single family 
residences and a commercial business to the west. The surveyed area unmowed prior to the prairie 
survey and then mowed according to the protocol in this document and left unmowed for three weeks. 

4.0 RESULTS 

No Mazama pocket gophers were found on site. The mounds found on site were typical of moles which 
are round, clumpy and the show was in a linear fashion. 

No CAO prairie plants were found. 

No Mima mounds were found. 

Garry oaks were found and their locations are shown on the transect maps in Appendix C. 



Kingswood Capital Inc MPG and Regulated Prairie Absence Report 

- 12 -

Land Services Northwest October 15, 2021 

Appendix A 

Photos 
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Appendix B 

 
 
 

WDFW Priority Habitats and Species Map 
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MPG Survey Form and Transect Maps 
 
 



Kingswood Capital Inc MPG and Regulated Prairie Absence Report 

- 26 - 

Land Services Northwest  October 15, 2021 



Kingswood Capital Inc MPG and Regulated Prairie Absence Report 

- 27 - 

Land Services Northwest  October 15, 2021 



Kingswood Capital Inc MPG and Regulated Prairie Absence Report 

- 28 - 

Land Services Northwest  October 15, 2021 

 
 



Kingswood Capital Inc MPG and Regulated Prairie Absence Report 

- 29 - 

Land Services Northwest  October 15, 2021 



Kingswood Capital Inc MPG and Regulated Prairie Absence Report 

- 30 - 

Land Services Northwest  October 15, 2021 



Kingswood Capital Inc MPG and Regulated Prairie Absence Report 

- 31 - 

Land Services Northwest  October 15, 2021 



Kingswood Capital Inc MPG and Regulated Prairie Absence Report 

- 32 - 

Land Services Northwest  October 15, 2021 

 
 
 



Kingswood Capital Inc MPG and Regulated Prairie Absence Report 

- 33 - 

Land Services Northwest  October 15, 2021 

 
 

 
 
 

 
 

Appendix D 
 
 
 

CAO Prairie Data Sheet 
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SOUND URBAN FORESTRY, LLC ~ 360/870-2511 ~ P.O. Box 489, Tahuya, WA  98588 



I.  Overall Vegetation Description  

 

The majority of the property is field grass with small pockets of trees around the outer edges in 

the southern portion.  The species found are a mix of natives with Douglas fir the dominant, and 

invasives such as black locust and poplars.     
 

II. Inventory of Trees  

 

A 100% inventory of the trees within the parcels was conducted on April 18, 2022.  This 

information is presented in the table below and the approximate locations are shown on the 

attached aerial.   

 

  Table 1.  Inventory of Trees within Property 

ID# Species DBH Condition 

*1 Cottonwood 20” Good 

2 Douglas Fir 14” Good 

3 Douglas Fir 20” Good 

4 Red Oak 6” Good 

5 Crabapple 16” Fair 

6 Black Locust 12” Good 

7 Black Locust 14” Good 

8 Black Locust 10” Good 

9 Black Locust 16” Good 

10 Douglas Fir 28” Good 

11 Black Locust 16” Fair 

12 Black Locust 20” Fair 

13 Black Locust 16” Fair 

14 Black Locust 20” Fair 

*15 Poplar 18” Fair 

16 Black Locust 14” Fair 

*17 Poplar 12” Fair 

18 Bitter Cherry 15” Fair 

19 Scots Pine 18” Fair 

20 Scots Pine 20” Fair 

21 Douglas Fir 20” Fair 

22 Douglas Fir 25” Fair 

*23 Douglas Fir 24” Poor 

*24 Douglas Fir 22” Poor 

25 Douglas Fir 18” Fair 

*26 Douglas Fir 14” Poor 

27 Douglas Fir 22” Fair 

28 Douglas Fir 17” Fair 

**29 Douglas Fir 26” Fair 

30 Douglas Fir 18” Fair 

31 Douglas Fir 20” Good 



ID# Species DBH Condition 

**32 Douglas Fir 24” Good 

33 Douglas Fir 17” Fair 

34 Douglas Fir 22” Good 

**35 Douglas Fir 24” Good 

**36 Western Red Cedar 50”+ Good 

**37 Douglas Fir 26” Fair 

*38 Black Locust 26” Poor 

**39 Black Locust 24” Fair 

40 Black Locust 6” Fair 

41 Black Locust 8” Fair 

42 Black Locust 6” Fair 

43 Black Locust 6” Fair 

44 Black Locust 8” Fair 

45 Black Locust 6” Fair 

46 Black Locust 10” Fair 

47 Black Locust 6” Fair 

48 Port Orford Cedar 23” Good 

49-62 Black Locust 6-18” Poor to Fair 

63 Black Locust 8” Fair 

64 Black Locust 10” Fair 

*65 Poplar 26” Poor 

*66 Poplar 12” Poor 

*67 Poplar 14” Poor 

*68 Poplar 16” Poor 

*69 Poplar 16” Poor 

*70 Poplar 20” Poor 

*71 Cottonwood 6” Fair 

72 Black Locust 8” Fair 

*73 Cottonwood 14” Good 

*74 Cottonwood 23” Fair 

*75 Cottonwood 14” Fair 
    *Denotes trees subtracted from tree retention calculations due to species or poor condition. 

   **Denotes trees that are to be retained and count as 2 trees due to their 24”+ diameters.   

 

Landmark Trees 

 

I found no trees within the site that would be considered specimen or ‘Landmark’ trees.   

 

Off-Site & Edge Trees 

 

No offsite trees were identified with the potential of impacts.   

 

 

 

 



III. Tree Retention Calculations 

 

Per TMC 16.08.070, cottonwoods, poplars and trees that do not have a post construction life 

expectancy greater than 10 years are not considered for the purposes of calculating tree retention 

standards.  Therefore, 17 trees were subtracted from the total of 75 listed in Table 1 (noted *).   

 

Trees to be retained are located within the southeast corner of the project and include #19-47. Of 

these, 4 trees were subtracted due to their poor conditions (*) and 6 trees are of size that they 

count as two trees (**).  Therefore, this project has a total of 31 tree retention credits.    

  

Table 6.  Summary of Tree Retention Calculations    

Gross Acreage 8.97 

Total Trees Within Site (75 – 17) 58 

20% Tree Retention 12 Trees 

*12 Trees/ Acre Retention 108 Trees 

Proposed Tree Retention 31 Trees 

Shortfall on Required Retention 77 Trees 

Required Replanting (1:1) 77 Trees 
*This is the greater amount and therefore required by TMC  

 

IV.  Replanting  

 

This project falls short of the minimum retention by 79 trees and is therefore required to replant 

at a rate of 1:1 within the site.  This requirement will be met with the landscape plans and will  

follow the standards as outlined in TMC 16.08.070.3.  

 

IV. Tree Protection  

 

I recommend tree protection fencing be installed along the outer edges of the area of trees to be 

retained (#19-47).  I have indicated approximate location in orange on the attached site plan.  

Fencing shall meet the City’s standards and in place and inspected by myself or another certified 

arborist prior to any site work.  The fencing shall remain in place during the entire construction 

process with absolutely no equipment or materials allowed beyond the fencing.  

 

I am also recommending that the English ivy be removed from the trees to be retained.  This will 

start having a negative effect on the condition of the trees.   

 

Professionally Submitted, 

 
Kevin M. McFarland, Principal  

ISA Certified Arborist PN-0373 & ISA Tree Risk Assessment Qualified 

Sound Urban Forestry, LLC 
 

 

 



 

 

 

Locations of Inventoried Trees 

 

 
 

 

 

 

 

 

 

 



 

 

Recommended Tree Protection Fencing  
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  I n s i g h t  G e o l o g i c ,  I n c .  

3. Provide for clearing needed to access the property and test pit locations. 

4. Perform utility location at the site to evaluate the presence of subsurface obstructions.   

5. Excavate as many as 19 exploratory test pits at the site using a small, track-mounted 
excavator.  The test pits extended to a depth of about 10 feet below ground surface. 

6. Drill 3 exploratory borings in the area of the proposed stormwater infiltration pond and 
underground gallery.  The borings were drilled to a depth of 24 feet or five times the 
depth of the proposed structure as required under the City of Tumwater 2009 Drainage 
Manual. 

7. Collect representative soil samples from the borings for evaluation of grain size 
distribution. 

8. Maintain logs of the soil encountered in the test pits and borings in general accordance 
with the Unified Soil Classification System. 

9. Conduct appropriate laboratory testing on soil samples collected from the test pits and 
borings to evaluate design infiltration rates and geotechnical properties including 
bearing capacity and suitability of site soils for use as fill.   

10. Prepare a report containing the results of our assessment and including 
recommendations for site preparation, evaluation of site soils for use as fill, 
recommended stripping depths, building slab and foundation recommendations, 
building drainage, cut and fill slope recommendations, and light- and heavy-duty 
pavement preparation and design as well as design stormwater infiltration rates and 
identified seasonal high groundwater elevations.   

 
SITE CONDITIONS 

GENERAL 
 The site is located east of Littlerock Road SW and south of Kingswood Drive within 
the City of Tumwater.  The site is shown relative to surrounding physical features in Figure 
1.  The site is bordered to the east by a Home Depot store and to the north by a WalMart 
store currently under construction.  Properties to the west and south are occupied by single 
and multi-family housing.  
 A Bonneville Power Administration (BPA) high-voltage transmission line traverses the 
northern third of the property within an easement area.  Four metal towers are located  on 
the property. 
 A groundwater monitoring well (MW-1) is located adjacent to Littlerock Road 
between the western-most power line towers.  This groundwater monitoring well appears 
to have been installed during a previous geotechnical investigation centered on the 
Walmart Property to the north.  Monitoring well MW-1 was used to calculate historic high 
groundwater elevations for the property and will be discussed later. 
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 Historically a number of residences were located on the western parcel of property 
fronting Littlerock Road.  Additionally, the central portion of the properties was used as a 
borrow source for topsoil to depth of about 12 feet.  The excavation remaining after the 
borrow operations was filled with a mixture of debris including bricks, concrete, metal, 
composite shingles and wood waste.  This uncontrolled fill material was then covered with 
soil and moderately compacted.  A discussion of this uncontrolled fill is included later in 
this report.   
 Several piles of fill material are also located on the property.  The origin of the fill is 
unknown.  The soils in the piles appear to be somewhat high in the percentage of fines, but 
appear to be suitable for use as fill, or in landscape areas at the site. 
 The property is roughly rectangular in shape and comprises approximately 9 acres.   
The site is generally flat with an elevation ranging between approximately 188 and 180 feet 
above mean sea level (MSL) measured to the NGVD 29 datum.  The property is currently 
undeveloped.  
 
SURFICIAL SOIL CONDITIONS   
 Surficial soil conditions were evaluated by reviewing the U.S. Department of 
Agriculture Soil Survey of Thurston County, Washington dated 1979.  According to the 
soil survey report, the site is underlain by Nisqually loamy fine sand.  This soil exhibits 
rapid permeability, slow water runoff and a slight hazard of erosion.   
 

SUBSURFACE EXPLORATIONS 
GENERAL 
 Subsurface conditions at the site were explored by advancing 3 borings and 19 test pits 
at the approximate locations shown in Figure 2 on March 28 and 29 2011.  The test pits 
were excavated using a small, track-mounted backhoe.  The test pits were completed to 
depths ranging between 5 and 11 feet below ground surface.  Borings were conducted 
using a truck mounted probe rig to obtain subsurface samples continuously to the total 
depth of the borehole. 
 A geologist from Insight Geologic, monitored the excavation of the test pits and 
borings and maintained logs of the soils encountered.  The soils were visually classified in 
general accordance with the system described in ASTM D2487-06.  Logs of the 
exploratory test pits and borings are contained in Attachment A of this report. 
 The exploratory test pits were backfilled using the soil removed from the test pit.  
Backfilled soil was tamped in place using the bucket of the backhoe.  The backfilled soil 
was not compacted as structural fill and should be expected to settle over time.  If 
structures are intended to be placed over the test pit areas, the soil should be over-
excavated and compacted. 
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SUBSURFACE CONDITIONS 
 Native soil exposed in the test pits consisted of about 1 foot of dark brown silty fine to 
medium sand (SM) overlying fine to medium sand (SP) with trace amounts of silt.  We 
encountered fill soil in the middle and north central portions of the site that consisted of 
between 2 and 7 feet of light brown fine to coarse sand with silt and cobbles overlying 
waste materials consisting of brick, concrete, metal, composite shingles, wood-waste and 
other debris that is unsuitable for construction at the site.  Our estimate of the volume of 
unsuitable fill material at the site is approximately 80,000 cubic yards based on a nominal 
thickness of 14 feet, although it is likely that much of this material may be screened and 
reused as structural fill.  Unsuitable fill materials such as trash and wood debris should be 
excavated and removed from the site.  Overlying material and some material within the fill 
such as brick and concrete debris may be reused as structural fill provided they meet the 
requirements of structural fill as detailed later in this report.  The general area of unsuitable 
and uncontrolled fill found at the site is shown in Figure 2.  
 Groundwater was encountered in the borings at a depth of about 15 feet below existing 
grade.  Given the time of year the borings were drilled, this depth may be considered as the 
seasonal high groundwater level for the purposes of stormwater system design. 
 
LABORATORY TESTING 
 Four soil samples from the borings in the area of the proposed stormwater infiltration 
structure and two soil samples from test pits TP-6 and TP-9 were submitted for gradation 
analysis in general accordance with ASTM methodology. The results of the gradation 
analyses are contained in Attachment B. 
 The gradation analyses indicated that the soils exposed in boring B-2 at depths of 
between 0 and 10 feet consisted of poorly graded sand with silt and gravel (SP-SM) and 
silty sand with gravel (SM).  This soil appears to be imported fill material and not soil 
native to the site.  The sample from boring B-2 representative of the 10 to 25 foot interval 
consisted of poorly graded sand (SP).  The sample from boring B-3 collected from a depth 
between 7 and 15 feet also consisted of poorly graded sand (SP).  These materials appear to 
be representative of native soils on the site.   
 The samples from test pit TP-6 and TP-9 were collected from stockpiled soils on the 
site.  The sample from TP-6 consists of silt (ML) and the sample from TP-9 was classified 
as silty sand (SM).   
 Four soil samples collected from native as well as stockpiled soils were tested for 
moisture-density relationships using the Modified Proctor Method (ASTM D1557).  
Testing indicates that the maximum dry density of native soils is 114 pounds per cubic foot 
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at a moisture content of 11 percent.  Laboratory results for Proctor tests are included in 
Attachment B. 
 

CONCLUSIONS AND RECOMMENDATIONS 
GENERAL 
 The test pits and borings conducted for our study revealed the presence of native silty 
sand and poorly graded sand to the maximum depth explored.  These soils appear to be 
suitable for the proposed commercial development planned for the site. 
 Our explorations also revealed the presence of a large area of uncontrolled, 
undocumented fill that will be unsuitable for bearing structures or parking areas on.  We 
encountered fill soil in the middle and north central portions of the site that consisted of 
between 2 and 7 feet of light brown fine to coarse sand with silt and cobbles overlying 
waste materials consisting of brick, concrete, wood-waste and other debris that is 
unsuitable for construction at the site.  Our estimate of the volume of unsuitable fill 
material at the site is approximately 80,000 cubic yards based on a nominal thickness of 
14feet.   
 Unsuitable fill materials such as trash and wood debris should be excavated and 
removed from the site.  Overlying material and some material within the fill such as brick 
and concrete debris may be reused as structural fill provided they meet the requirements of 
structural fill as detailed later in this report.  The general area of unsuitable and 
uncontrolled fill found at the site is shown in Figure 2.  
 
EARTHWORK 
General 
 We expect that site grading may be accomplished using conventional earthmoving 
equipment.  The soils in the upper 2 feet of the site contain a moderate amount of fines and 
organics and may be moisture sensitive during wet weather.  These materials may be 
difficult to operate on or compact during wet weather.  Operation of heavy equipment at 
the site under wet conditions or when the soils are above optimum moisture content can be 
expected to result in considerable disturbance to the exposed subgrade soils.  We 
recommend that earthwork be undertaken during periods of dry weather to reduce grading 
costs. 
 
Clearing and Site Preparation 
 All areas to be graded should be cleared of surface and subsurface deleterious materials 
including trees, sod, brush, debris and other unsuitable or organic materials. We expect that 
stripping depths of between 6 and 12 inches will be required at the site to remove the 
surficial soils containing substantial amounts of organic material.  Deeper stripping depths 
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will be required in areas of heavy vegetation or, if the clearing operations cause excessive 
disturbance to the surficial soils, or if additional unsuitable soils are exposed during 
stripping operations.    
 We recommend that any trees be removed by overturning so that a majority of the tree 
roots are removed.  Excavations from tree removal operations should be backfilled with 
structural fill compacted to the densities indicated in the “Structural Fill” section of this 
report. 
 The stripped material may be stockpiled and used later in nonstructural applications 
(e.g. landscape areas).  Materials that cannot be used for landscaping should be removed 
from the project site and wasted. 
 
Removal of Uncontrolled Fill 
 Significant quantities of uncontrolled and unsuitable fill were encountered in test pits 
and borings conducted in the north-central portion of the site extending to depths of 14 
feet.  The unsuitable fill materials consisted of brick, concrete, wood-waste, construction 
debris and trash.  Uncontrolled fill, particularly fill containing significant quantities of 
wood and wood-waste such as logs and stumps, can be expected to settle over time as the 
wood decays.  Long-term settlement can result in pavement distress or failure, utility 
disruption or deflection of floor slabs. 
 We recommend that the unsuitable fill material be removed and replaced with 
appropriate structural fill. Properly  screened fill soil may be used as structural fill as long 
as it meets the specifications in the “Structural Fill” section of this report.  All organic 
materials and refuse removed during the remediation process should be hauled from the 
site and disposed of at an approved facility.  Masonry brick and concrete materials 
encountered during removal may be reused as structural fill provided they are reduced to 
fragments 3 inches or smaller in diameter.  Oversize material that is screened out during 
the process should be hauled to an approved landfill and disposed of. 
 It should be noted that during a previous geotechnical investigation focused on the 
property immediately north of the subject site, soil samples collected and analyzed for the 
presence of heavy metals indicated the presence of chromium and lead at concentrations 
exceeding the Washington State Department of Ecology (Ecology) Model Toxics Control 
Act (MTCA) Method A cleanup levels for unrestricted land use (WAC 173-340-740).  
Therefore, it is possible that other soils imported to the site for use as fill may contain 
concentrations of hazardous or potentially hazardous materials.  We recommend that 
additional sampling and appropriate laboratory testing be undertaken to evaluate the 
potential of hazardous materials on the property prior to the commencement of grading 
efforts. 
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Subgrade Preparation 
 We recommend that a representative of Insight Geologic be present to observe and 
evaluate the exposed subgrade conditions after stripping is completed and prior to 
placement of any structural fill.  The exposed subgrade soil should be evaluated by proof 
rolling with heavy rubber tired equipment during dry weather or by probing with a ½ inch 
diameter steel rod during wet weather. 
 Any soft, loose or otherwise unsuitable areas delineated during proof rolling or probing 
should be recompacted, if practical, or over-excavated and replaced by structural fill. 
 After completing the proof rolling, the subgrade areas should be recompacted to a firm 
and unyielding condition.  We recommend that Insight Geologic or a qualified testing firm 
evaluate the compaction effort and any compacted soils.  A full and complete record of all 
observations and compaction measurements should be retained by the client. We 
recommend that all subgrade areas beneath roadways be compacted to at least 95 percent 
of the soil maximum dry density (MDD) in accordance with ASTM D1557 test procedure. 
 
STRUCTURAL FILL 
General 
 All fill that is placed at the site beneath structures and/or pavements should be placed 
as structural fill.  We recommend that structural fill be free of debris, significant organic 
materials and rock fragments larger than about 6 inches.  The workability of materials for 
use as structural fill depends on the gradation and moisture content of the soil.  As the 
amount of fines increases, soil becomes increasingly more sensitive to small changes in 
moisture content.  Compaction of native soils in accordance with the recommendations 
provided in this report then becomes difficult or impossible to achieve if the soil is above 
the optimum moisture content. 
 All fill and backfill beneath buildings should be compacted to at least 95 percent of 
soil MDD, based on ASTM D1557 (modified Proctor) testing procedure.  Pavement 
subgrade soils and utility trench backfill should be compacted to at least 90 percent of the 
MDD up to within 2 feet of design grades; the upper 2 feet should be compacted to at least 
95 percent of the MDD. 
 The lift thickness used during placement and compaction of structural fill will depend 
on the moisture and gradation characteristics of the soil and the type of equipment being 
used.  If necessary, the material should be moisture conditioned to near-optimum moisture 
content prior to compaction.  During fill and backfill placement, sufficient testing of in-
place density should be performed to verify that adequate compaction is being achieved. 
The required frequency of density testing should be determined by the on-site testing 
professional. We recommend a lift thickness of no greater than 6 inches be placed and 
compacted for each compaction run. 
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Suitability of On-Site Materials as Fill 
 During dry weather construction, any non-organic (generally less than 30 percent 
organics)  onsite soil may be considered for use as structural fill, provided it meets the 
criteria described in the Structural Fill section of this report and can be compacted as 
recommended. If the native material is over optimum moisture content when excavated, it 
will be necessary to aerate or dry the soil prior to placement as structural fill. 
 The site soils which contain moderate amounts of silt may be moisture sensitive.  
These materials may not be suitable for use as fill under wet weather conditions.   
 
Cut Slopes 
 Temporary cut slopes are anticipated for construction of underground utilities.  All 
temporary cut slopes and shoring must comply with the provisions of Washington 
Administrative Code (WAC) Title 296, Part N, “Excavation, Trenching and Shoring.”  The 
contractor performing the work has the primary responsibility for protection of workers 
and adjacent improvements, deciding whether to use shoring, and for establishing the safe 
inclination for open-cut slopes. 
 Temporary unsupported cut slopes more than 4 feet high may be inclined to 1.5H:1V 
maximum steepness in the native soils. Cut slopes in the unconsolidated fill should be 
2H:1V or flatter.  This guideline assumes that all surface loads are kept at a minimum 
distance of at least one half the depth of the cut away from the top of the slope and that 
significant seepage is not present in the slope face.  Flatter slopes will be necessary where 
significant seepage occurs.  Some sloughing and raveling of the cut slopes should be 
expected over time.  Temporary covering with heavy plastic sheeting should be used to 
protect these slopes during periods of wet weather. 
 Cut slopes for long term structures such as stormwater ponds should be inclined to 
2H:1V or flatter for long term stability. 
 
FOUNDATION SUPPORT 
 The soils at the site are generally in a loose condition.  Spread footings are appropriate 
for the soils encountered if anticipated footing loads do not exceed 2,000 pounds per 
square foot (psf) for combined dead and long-term live loads, exclusive of the weight of 
the footing and overlying backfill. This value may be increased by one third for transient 
loads such as those induced by seismic events or wind loadings. If higher loads are 
anticipated, deep foundations or removal of unsuitable soil and replacement with structural 
fill should be considered.    
 We estimate that settlement of footings designed as recommended will be less than 1 
inch for the anticipated load conditions, with differential settlements of less than 1 inch 



Pacland  
April 19, 2011 
Page 9 
 
 

  I n s i g h t  G e o l o g i c ,  I n c .  

between comparably loaded footings.  Most of the settlements should essentially occur as 
loads are being applied.  However, disturbance of the foundation subgrade during 
construction or the presence of loose or soft soils below the foundation could result in 
larger settlements than predicted. 
 
Footing Depths and Widths  
For frost and erosion protection, the base of all exterior footings should bear at least 24 
inches below adjacent outside grades.  To limit post-construction settlements, continuous 
(wall) and isolated (column) footings should be at least 18 and 24 inches wide, 
respectively.   
 
Bearing Subgrades 
At least 12 inches of structural fill, compacted to a density of at least 95 percent (based on 
ASTM:D-1557), should underlie spread footings on this site that bear on the silty sand 
(SM) and poorly graded sand (SP) soils.  
 
Lateral Overexcavation 
Because foundation stresses are transferred outward as well as downward into the bearing 
soils, all structural fill placed under footings, up to 3 feet in thickness, should extend 
horizontally outward from the edge of each footing a distance  equal to the depth of placed 
fill.  Fill should extend a minimum of 12 inches below the footing base and should also 
extend a minimum of 12 inches outward from the footing edges. 
 
Subgrade Observation 
All footing subgrades should consist of either firm, unyielding, native soils or suitable 
structural fill materials.  Footings should never be cast atop loose, soft, or frozen soil, 
slough, debris, existing uncontrolled fill, or surfaces covered by standing water.  We 
recommend that the condition of all subgrades be observed by a representative of Insight 
Geologic or other qualified testing firm before any concrete is placed. 
 
Bearing Pressures 
In our opinion, for static loading, footings that bear on properly prepared, structural fill 
subgrades can be designed for a maximum allowable soil bearing pressures of 2,000 psf.   
 
Footing Settlement 
We estimate that total post-construction settlements of properly designed footings bearing 
on properly prepared subgrades will not exceed 1 inch.  Differential settlements for 
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comparably loaded elements may approach one-half of this value over horizontal distances 
of approximately 50 feet.   
 
Footing and Stemwall Backfill 
To provide erosion protection and lateral load resistance, we recommend that all footing 
excavations be backfilled on both sides of the footings, retaining walls, and stemwalls after 
the concrete has cured.  Either imported structural fill or non-organic (generally less than 
30 percent organics) on-site soils can be used for this purpose, contingent on a suitable 
moisture content at the time of placement.  Regardless of soil type, all footing backfill soil 
should be compacted to a density of at least 90 percent (based on ASTM:D-1557). 
 
BUILDING FLOOR SLABS 
 The maximum allowable soil bearing pressure for site soils is 2,000 psf.  We 
recommend that preparations for the floor slabs for the proposed commercial structures 
adhere to the subgrade preparation and structural fill recommendations presented in this 
report. The slab base section should consist of a minimum 6-inch thick layer of crushed 
base course per WSDOT Standard Specification Section 9-03.9(3).  The slab base material 
should be compacted to a minimum of 95 percent of their modified proctor maximum dry 
density per ASTM D1557. 

To reduce the transmission of water vapor through the floor slab, we recommend 
the use of suitable vapor retarders such as plastic sheeting placed between the slab base and 
the floor slab and/or specially formulated concrete mixtures.  At a minimum, a sheet of 6-
mil polyethylene sheeting should be placed on top of the prepared base course and 2 inches 
of builders sand be placed atop the plastic sheeting and compacted to 90 percent MDD.  

The identification of alternatives to prevent vapor transmission is outside of our 
expertise. A qualified architect or building envelope consultant can make recommendations 
for reducing vapor transmission through the slab based on the building use and flooring 
specifications. Our investigation addresses present subgrade conditions for slab support 
only and does not evaluate future potential conditions unless specifically stated otherwise.  
 
PAVEMENT 
 All pavement designs were developed assuming a 20-year design life and a usage 
factor of 7-days-a-week.  
 
 Our pavement design recommendations were developed using the AASHTO method 
for flexible and rigid pavement designs. Our pavement sections are based on the following 
assumptions and design information: 

• An assumed subgrade CBR of 20 
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• Standard-Duty Paving Equivalent Single Axle Loading (ESAL) 54,000 
• Heavy-Duty Paving ESAL 270,800 
• Pavement sections should be placed on a subgrade that has been proof-rolled, 

determined by a qualified person to be firm and unyielding and is compacted to at 
least 95 percent of the modified proctor MDD in accordance with ASTM D1557. 

•  All asphalt edges shall be supported by adjacent structure, curb, or compacted 
gravel shoulder 

• Paved surfaces should be adequately sloped to direct surface water runoff away 
from the building. 

 
 The standard-duty pavement section shall consist of subgrade material compacted to 95 
percent MDD overlain by 8 inches of gravel base course conforming to section 9-03.10 of 
the WSDOT Standard Specifications and compacted to 95 percent MDD.  A minimum of 2 
inches of crushed surfacing Top Course conforming to Section 9-03.9(3) of the WSDOT 
Standard Specifications shall be placed atop the prepared base course and compacted to a 
minimum density of 95 percent MDD.  The wearing course shall consist of a minimum of 
3 inches of Commercial Hot Mix Asphalt sloped to provide adequate drainage. 
 Heavy-duty pavement areas shall consist of subgrade material compacted to 95 percent 
MDD overlain by 8 inches of gravel base course conforming to section 9-03.10 of the 
WSDOT Standard Specifications and compacted to 95 percent MDD.  A minimum of 2 
inches of crushed surfacing Top Course conforming to Section 9-03.9(3) of the WSDOT 
Standard Specifications shall be placed atop the prepared base course and compacted to a 
minimum density of 95 percent MDD.  The wearing course shall consist of a minimum of 
5 inches of Commercial Hot Mix Asphalt sloped to provide adequate drainage. 
 
SEISMIC AND GEOLOGIC HAZARDS 
IBC Seismic Design Criteria 
The subject property is located in an area designated as Site Class D is appropriate for 
design based on the 2006 IBC. Based on our experience in this area, a 100-foot boring was 
not required in order to provide a recommended Site Classification. 
 
Seismicity and Faulting 
The Puget Lowland is located in an area of frequent earthquakes of moderate to strong 
intensity. It lies over an active subduction zone, where the oceanic Juan de Fuca plate is 
being subducted beneath the North American plate.  Areas adjacent to subduction zones are 
capable of generating very high magnitude earthquakes.  Three earthquakes within the 
Puget Sound area in the last 55 years have caused significant damage. The April 13, 1949 
earthquake is the largest recorded earthquake in the region having a moment magnitude 
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(Mm) of 7.1.  Other lesser, but still significant earthquakes in 1965 and 2001 were had 
magnitudes of 6.5 and 6.8, respectively.   
 Moment magnitude is only one measure of earthquake intensity.  Even moderate 
earthquakes can produce structural damage on poorly consolidated soils. 
 No mapped active faults are located within 5 miles of the project site; therefore, we 
estimate the ground rupture hazard at the site to be low. 

 
Liquefaction 
The probability of liquefaction occurring on the site during a design-level earthquake is 
low, based on the granular nature of the soils and on the depth to groundwater beneath the 
site.   
 
Other Geologic Hazards 
No other potential geologic hazards such as landslides or subsidence were identified on, or 
near the subject site. 
 
DRAINAGE CONSIDERATIONS  
 The native soils on the site classify as Hydrologic Group A soils to a depth of 60 
inches below existing grade. Foundation drains should be used where (1) crawl spaces or 
basements will be below a structure, (2) a slab is below the outside grade, or (3) the outside 
grade does not slope downward from a building. Drains should also be placed at the base 
of all earth-retaining walls. These drains should be surrounded by at least 6 inches of 1-
inch-minus, washed rock and then wrapped in non-woven, geotextile filter fabric. At its 
highest point, a perforated pipe invert should be at least 6 inches below the bottom of a 
slab floor, and it should be sloped for drainage. All roof and surface water drains must be 
kept separate from the foundation drain system.  Final site grading in areas adjacent to the 
buildings should slope away at least 2 percent for a distance of at least 10 feet, except 
where the area is paved.  
 
STORMWATER INFILTRATION 
 Stormwater runoff from the site is proposed to be infiltrated into a pond or subsurface 
infiltration structure located in the northeastern portion of the site.  Soil samples collected 
from the exploratory borings in this area and subjected to gradation analysis indicate the 
presence of fill soils (SP-SM and SM) overlying native SP soils at about 7 feet in depth.  
 We utilized the “Simple Method” identified in Table A.2 of the City of Tumwater 
Drainage Design and Erosion Control Manual (2009) to develop the design (long-term) 
infiltration rate for the proposed infiltration facility.  Based on our gradation analyses, the 
native soils have a D10 of about 0.10 millimeters and a corresponding design infiltration 
rate of 2.0 inches per hour. This infiltration rate includes a safety factor of 2.    We 
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recommend that any fill soils removed from this area as a part of grading efforts be 
replaced with suitably coarse material having a D10 grain size that is 0.10 millimeters or 
greater. 
 Seasonal high groundwater can be expected to occur at a depth of about 15 feet below 
ground surface in this portion of the site based on groundwater observed in the borings.  
This seasonal high groundwater elevation provides a vertical separation of greater than 
three feet between the base of the proposed infiltration structure and seasonal high 
groundwater assuming an infiltration structure depth of 5 feet below existing grade in 
accordance with Tumwater’s design guidelines.  The seasonal high groundwater elevation 
should not be confused with the historic high groundwater elevation, which is discussed in 
detail below.   
 
HISTORIC HIGH GROUNDWATER ELEVATIONS 
 The proposed project sites lie within an area designated by the City of Tumwater as an 
area of high groundwater concern due to flooding in 1996 and 1999.  Tumwater 
promulgated Ordinance No. O2004-003 “Site Development Standards for New 
Development in the Salmon Creek Basin and other High Groundwater Areas in 2004.  
These standards outline the steps necessary to evaluate the effect of stormwater infiltration 
on proposed development prior to beginning construction.   
 The first step in the evaluation is to estimate the depth to historical high groundwater 
beneath the site.  Sites with historic high groundwater levels within 6 feet of the base of a 
proposed infiltration facility require further evaluation and modeling.  We have reviewed 
the figure titled “Estimated Depth to Water, Winter 1999” contained in the report “Salmon 
Creek Drainage Basin Conceptual Hydrogeologic Model” dated June 2001, to evaluate the 
depth to high groundwater beneath the proposed project site.  The estimated depth to the 
historic groundwater table beneath the site appears to be less than 6 feet below ground 
surface and therefore requires further evaluation to resolve the high groundwater issue.   
 A groundwater monitoring well located on the western portion of the property (MW-1) 
was installed by Kleinfelder and Associates in 2005 as a part of a study that included the 
WalMart property to the north of Kingswood Drive.  As a part of the WalMart project, 
Pacific Groundwater Group (PGG) conducted an analysis of the groundwater data 
collected by Kleinfelder to establish the historic high groundwater elevation beneath the 
property.   
 While data from MW-1 was not used for the WalMart project, PGG performed the 
required regression analysis of the collected data and established a historic high 
groundwater elevation at the location of MW-1 of 173.2 feet (NGVD 29) or approximately 
11 feet below ground surface. The regression analysis was performed by plotting 
groundwater elevation data for the City’s reference well (LRS-O1A) against monitoring 



Pacland  
April 19, 2011 
Page 14 
 
 

  I n s i g h t  G e o l o g i c ,  I n c .  

data obtained from Kleinfelder for MW-1.   A line of best fit was generated for each data 
set. The equation of the best-fit line and the R-squared value were also generated.   
 The historic high groundwater elevations for each monitoring well were calculated by 
using the known 1999 high groundwater elevation for the reference wells in the linear 
equations generated in the regression analyses.  The depth to the calculated historic high 
groundwater table was obtained by subtracting the calculated groundwater elevation from 
the surveyed ground surface elevation at each monitoring well.  PGG’s Technical 
Memorandum dated March 5, 2010 prepared for the proposed WalMart store immediately 
north of the subject property and including data for the subject site is included in 
Attachment C to this report. The data derived by PGG and presented in their technical 
memorandum will be used to complete the necessary mounding analysis. 
 

LIMITATIONS 
 We have prepared this geological report for use by Pacland and their client, 
Kingswood Capital for the proposed commercial development to be located at 1401 and 
1551 Kingswood Drive SW in Tumwater, Washington. 
 Within the limitations of scope, schedule and budget, our services have been executed 
in accordance with generally accepted practices in the field of geological engineering and 
in accordance with the City of Tumwater’s Drainage Manual at the time this report was 
prepared.  No warranty or other conditions express or implied, should be understood. 
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ATTACHMENT D 
 

REPORT LIMITATIONS AND GUIDELINES FOR USE1  
 This attachment provides information to help you manage your risks with respect to 
the use of this report.  
 
GEOTECHNICAL SERVICES ARE PERFORMED FOR SPECIFIC 
PURPOSES, PERSONS AND PROJECTS 
 This report has been prepared for the exclusive use of our client and their authorized 
agents.  This report may be made available to regulatory agencies for review.  This report 
is not intended for use by others, and the information contained herein is not applicable to 
other sites.   
 Insight Geologic Inc. structures our services to meet the specific needs of our clients.  
For example, a geotechnical or geologic study conducted for a civil engineer or architect 
may not fulfill the needs of a construction contractor or even another civil engineer or 
architect that are involved in the same project.  Because each geotechnical or geologic 
study is unique, each geotechnical engineering or geologic report is unique, prepared solely 
for the specific client and project site.  Our report is prepared for the exclusive use of our 
Client.  No other party may rely on the product of our services unless we agree in advance 
to such reliance in writing.  This is to provide our firm with reasonable protection against 
open-ended liability claims by third parties with whom there would otherwise be no 
contractual limits to their actions.  Within the limitations of scope, schedule and budget, 
our services have been executed in accordance with our Agreement with the Client and 
generally accepted geotechnical practices in this area at the time this report was prepared.  
This report should not be applied for any purpose or project except the one originally 
contemplated. 
 
A GEOTECHNICAL ENGINEERING OR GEOLOGIC REPORT IS BASED ON 
A UNIQUE SET OF PROJECT-SPECIFIC FACTORS 
 Insight Geologic, Inc. considered a number of unique, project-specific factors when 
establishing the scope of services for this project and report.  Unless Insight Geologic 
specifically indicates otherwise, do not rely on this report if it was: 
• not prepared for you, 
• not prepared for your project, 
• not prepared for the specific site explored, or 
• completed before important project changes were made. 
 For example, changes that can affect the applicability of this report include those that   
       affect: 
                                                 
1 Developed based on material provided by ASFE, Professional Firms Practicing in the Geosciences; 
www.asfe.org .  
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• the function of the proposed structure; 
• elevation, configuration, location, orientation or weight of the proposed structure;  
• composition of the design team; or 
• project ownership. 

 
 If important changes are made after the date of this report, Insight Geologic should be 
given the opportunity to review our interpretations and recommendations and provide 
written modifications or confirmation, as appropriate. 

 
SUBSURFACE CONDITIONS CAN CHANGE 
 This geotechnical or geologic report is based on conditions that existed at the time the 
study was performed.  The findings and conclusions of this report may be affected by the 
passage of time, by manmade events such as construction on or adjacent to the site, or by 
natural events such as floods, earthquakes, slope instability or ground water fluctuations.  
Always contact Insight Geologic before applying a report to determine if it remains 
applicable.  
 
MOST GEOTECHNICAL AND GEOLOGIC FINDINGS ARE PROFESSIONAL 
OPINIONS 
 Our interpretations of subsurface conditions are based on field observations from 
widely spaced sampling locations at the site.  Site exploration identifies subsurface 
conditions only at those points where subsurface tests are conducted or samples are taken.  
Insight Geologic reviewed field and laboratory data and then applied our professional 
judgment to render an opinion about subsurface conditions throughout the site.  Actual 
subsurface conditions may differ, sometimes significantly, from those indicated in this 
report.  Our report, conclusions and interpretations should not be construed as a warranty 
of the subsurface conditions.   
 
GEOTECHNICAL ENGINEERING REPORT RECOMMENDATIONS ARE 
NOT FINAL 
 Do not over-rely on the preliminary construction recommendations included in this 
report.  These recommendations are not final, because they were developed principally 
from Insight Geologic’s professional judgment and opinion.  Insight Geologic’s 
recommendations can be finalized only by observing actual subsurface conditions revealed 
during construction.  We recommend that Insight Geologic be retained to perform 
construction monitoring.  Alternatively, if Insight Geologic is not retained for construction 
observation, a full and complete record of construction activity including compaction 
measurements by a qualified individual should be retained by the client. 
 Sufficient monitoring, testing and consultation by Insight Geologic or other qualified 
individual should be provided during construction to confirm that the conditions 
encountered are consistent with those indicated by the explorations, to provide 
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recommendations for design changes should the conditions revealed during the work differ 
from those anticipated, and to evaluate whether or not earthwork activities are completed in 
accordance with our recommendations.  Retaining Insight Geologic for construction 
observation for this project is the most effective method of managing the risks associated 
with unanticipated conditions. 
 
A GEOTECHNICAL ENGINEERING OR GEOLOGIC REPORT COULD BE 
SUBJECT TO MISINTERPRETATION 
 Misinterpretation of this report by other design team members can result in costly 
problems.  You could lower that risk by having Insight Geologic confer with appropriate 
members of the design team after submitting the report.  Also retain Insight Geologic to 
review pertinent elements of the design team's plans and specifications.  Contractors can 
also misinterpret a geotechnical engineering or geologic report.  Reduce that risk by having 
Insight Geologic participate in pre-bid and pre-construction conferences, and by providing 
construction observation. 
 
DO NOT REDRAW THE EXPLORATION LOGS 
 Geotechnical engineers and geologists prepare final boring and testing logs based upon 
their interpretation of field logs and laboratory data.  To prevent errors or omissions, the 
logs included in a geotechnical engineering or geologic report should never be redrawn for 
inclusion in architectural or other design drawings.  Only photographic or electronic 
reproduction is acceptable, but recognize that separating logs from the report can elevate 
risk. 
 
GIVE CONTRACTORS A COMPLETE REPORT AND GUIDANCE 
 Some owners and design professionals believe they can make contractors liable for 
unanticipated subsurface conditions by limiting what they provide for bid preparation.  To 
help prevent costly problems, give contractors the complete geotechnical engineering or 
geologic report, but preface it with a clearly written letter of transmittal.  In that letter, 
advise contractors that the report was not prepared for purposes of bid development and 
that the report's accuracy is limited; encourage them to confer with Insight Geologic and/or 
to conduct additional study to obtain the specific types of information they need or prefer.  
A pre-bid conference can also be valuable.  Be sure contractors have sufficient time to 
perform additional study.  Only then might an owner be in a position to give contractors 
the best information available, while requiring them to at least share the financial 
responsibilities stemming from unanticipated conditions.  Further, a contingency for 
unanticipated conditions should be included in your project budget and schedule. 
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CONTRACTORS ARE RESPONSIBLE FOR SITE SAFETY ON THEIR OWN 
CONSTRUCTION PROJECTS  
 Our geotechnical recommendations are not intended to direct the contractor’s 
procedures, methods, schedule or management of the work site.  The contractor is solely 
responsible for job site safety and for managing construction operations to minimize risks 
to on-site personnel and to adjacent properties. 
 
READ THESE PROVISIONS CLOSELY 
 Some clients, design professionals and contractors may not recognize that the 
geoscience practices (geotechnical engineering or geology) are far less exact than other 
engineering and natural science disciplines.  This lack of understanding can create 
unrealistic expectations that could lead to disappointments, claims and disputes.  Insight 
Geologic includes these explanatory “limitations” provisions in our reports to help reduce 
such risks.  Please confer with Insight Geologic if you are unclear how these “Report 
Limitations and Guidelines for Use” apply to your project or site. 
 
GEOTECHNICAL, GEOLOGIC AND ENVIRONMENTAL REPORTS SHOULD 
NOT BE INTERCHANGED 
 The equipment, techniques and personnel used to perform an environmental study 
differ significantly from those used to perform a geotechnical or geologic study and vice 
versa.  For that reason, a geotechnical engineering or geologic report does not usually 
relate any environmental findings, conclusions or recommendations; e.g., about the 
likelihood of encountering underground storage tanks or regulated contaminants.  
Similarly, environmental reports are not used to address geotechnical or geologic concerns 
regarding a specific project.  
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