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Section 1: NEPA Process 

The National Environmental Policy Act (NEPA) is required for any project receiving federal 
funding or federal grant money.  The proposed Longview RWTP has funding provided from 
Environmental Protection Agency (EPA) Special Appropriation Grants and funding provided by 
the Washington State Department of Health (DOH).  Both these funding mechanisms require 
the preparation of a NEPA Environmental Report addressing the impacts of the project on the 
existing environment.  Additionally, the project is in an area known as Usual and Accustomed 
(U and A) areas for the Cowlitz Indian Tribe.  Therefore, as part of this NEPA documentation, a 
Cultural Resource Assessment has been conducted on the site to comply with Section 106 of 
the National Historic and Preservation Act.  Since the project is being reviewed under 
Section 106, this satisfies any state requirements for review of cultural and historic resources. 

Under the State of Washington Administrative Code (WAC) Section 197-11-610, an agency can 
adopt an environmental analysis (EA) prepared under NEPA to comply with SEPA.  In this case, 
the specific reference is outlined in Section 2 of WAC 197-11-610 which states a NEPA EA (this 
document) can be adopted to satisfy the SEPA requirements.  Therefore, it is anticipated that 
this NEPA document will be adopted by the City of Longview to comply with SEPA requirements 
for the project.  If the City prefers to prepare a separate SEPA document, that is allowed; 
however, the information presented in this report would substantially contribute to that SEPA 
documentation. 

The Preliminary Design Report section on environmental permitting provides information on the 
existing conditions of the site and what impacts the proposed project will have on this site.  This 
report, along with the supporting documentation, including the Cultural Resource Assessment 
provides the necessary NEPA and SEPA documentation to support the construction of the 
project and demonstrates compliance with local land use regulations and critical areas 
regulations.  Information on federally listed endangered species is included in this report.  A 
separate Letter of No Effect has been prepared for this project.  The letter of No Effect provides 
information on Endangered Species found in the vicinity (specifically listed fish species in the 
Columbia River) and documents the project will not have any effect on federally listed 
endangered species (since none are in the project area) and provides compliance with the 
Endangered Species Act (ESA). 

Much of the permitting for the Mint Farm site has already been conducted.  This report provides 
documentation of the work previously done in the main text but also provides detailed 
information in the appendices.  For example, a wetland delineation was conducted on the Mint 
Farm site and advanced mitigation and monitoring is occurring on the Mint Farm site.  The text 
discusses this work; however, more detailed information on the permits issued and the 
monitoring of the advanced mitigation is provided in the appendix of the report (Wetland 
documentation is in Appendix F).  The zoning and comprehensive plan designated the site for 
industrial and manufacturing use.  Based on documentation contained in this report and the 
appendices, the use of this site for the new Regional Water Treatment Project (RWTP) is in 
compliance with local and federal regulations. 

The permitting application process begins when the project is at approximately 30% design, 
which ensures sufficient information is available to evaluate the impact of the potential project 
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on the environment.  This project is funded by a special appropriation grant from the EPA and 
with State Revolving Funds through the DOH.  According to the guidance document provided by 
Mike Lehner, of the EPA, the following specific guidelines are applicable to the NEPA 
documentation for the special appropriation grants.  

1.1 EPA Requirements 
A NEPA Document for EPA special appropriation grants should: 

 Provide a full project description and identify the potential environmental impacts of the 
proposed project. 

 Describe the purpose and need of the project, which discloses the deficiency the project 
is correcting (often called the P&N). 

 Describe the project details, including construction phases, the facility operator, the 
planning area, and planning period, and include a map. 

 Describe the design parameters, including pipe length, size, location, design criteria, and 
major processes. 

 Describe project costs, including funding from EPA and all other sources. 

1.1.1 Process 
This project requires an Environmental Information Document (EID) to support the EA. For the 
EPA special appropriation grant, the applicant should provide to EPA an EID describing the 
details of the project, project purpose and need, the existing environment, and any existing 
drinking water systems affected by the project.  The EPA will review the EID for their EA and 
issue a Finding of No Significant Impact (FONSI), if appropriate.  

The EID also provides information on the environmental impacts of the project, including 
mitigation, any public outreach, and reasonable alternatives, including the no action alternative. 
The EID is then used by EPA to develop the EA and supports the issuing of the FONSI. Often 
the local agency will adopt the NEPA document to support the threshold environmental 
determination under the State Environmental Policy Act (SEPA). This is allowed under the 
Washington State Administrative Code (WAC) Chapter 197-11-610. 
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Section 2: NEPA EID Outline 

The NEPA EID should provide the following information to assist with EPA’s environmental 
review: 

1. The Purpose and Need (P&N) for the project, which describes the project and why it is 
needed. 

2. A project description that includes a project summary and planning area description; 
identifies any significant environmental impacts; describes the project’s ability to address 
the P&N; and includes project costs. An 8.5 by 11-inch map, suitable for black and white 
reproduction, should be included. For linear projects, more than one map may be 
needed.  

3. Existing baseline conditions that may be affected by the project. Baseline information on 
the environment should be discussed in proportion to the potential impact to the existing 
environmental resource. Baseline data includes: 

a. Wetlands 
b. Air quality and noise impacts 
c. Threatened and endangered species 
d. Prime or unique agricultural lands 
e. Scenic, recreational, archeological, or historic resources 
f. Drinking water sources 
g. Wild and scenic rivers  
h. Receiving streams 
i. Floodplain impacts 
j. Commercial uses 
k. Land uses 
l. Geology and soils 
m. Parklands and other public lands 
n. Environmental justice communities and tribal communities. 
 
Additional technical information on the baseline conditions is included in the appendices 
section of this report. 

 
4. An alternative analysis should be conducted, reviewing all considered alternatives, 

including the no action alternative. This analysis includes a comparison of the 
alternatives, identifies the preferred alternative, and states why it is the preferred 
alternative. Information can include present worth, annual cost comparisons, reliability 
and maintenance of the alternative, significant environmental effects, and any 
constraining factors. 

5. Discussion of environmental impacts and proposed mitigation measures for each 
reasonable alternative for each of the areas listed in the baseline conditions. This 
section should describe all impacts, including beneficial and adverse impacts. The 
section would also include identification of which environmental resources are not in the 
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project area and, therefore, are not impacted by the project. Environmental impacts 
should include a discussion of direct, indirect, and cumulative impacts. Lastly, the grant 
applicant should discuss mitigation measures designed to reduce or eliminate adverse 
environmental impacts. 

6. Documentation on interagency coordination and consultation activities, including letters 
sent to the tribes, coordination between local agencies (such as neighboring cities), and 
coordination with the county agency (Appendix E). Identify any Trustees (tribes) or 
stakeholders that need to be involved in the project. For this particular project the State 
of Washington Department of Health is taking lead on the Section 106 process.  

7. Documentation of all public participation conducted as part of the planning process, 
including dates of public meetings and stakeholder meetings, summaries of the public 
meetings, and copies of the public meeting notices and announcements (Appendix E). 
Also, include any public comments on the project from the meetings. If there are 
opposing comments, the applicant should provide a response or resolution to the issue 
raised during the public meeting or public comment period. 

8. A list of preparers, including the names, qualifications, and professional expertise of the 
people primarily responsible for preparing the EID and the section(s) they prepared 
(Appendix H).   

9. List of references that were used for preparing the EID. 

2.1 EID and the Public Process 
The City of Longview (City) and Kennedy/Jenks Consultants (Kennedy/Jenks) have reviewed 
several alternatives for this project. The information for the EID section of the NEPA document 
relies on input from the City and stakeholders on the P&N, information provided from the public 
meetings, information gained in the field from the cultural resources assessment, and 
information being compiled on the listed baseline conditions categories (a) through (n).  As part 
of the public process, categories (a) through (n) can be screened at a public meeting, to 
determine those areas that are important to the public.  Those areas determined to be important 
should be reviewed in depth in the EID. 



 

City of Longview – Mint Farm RWTP Part 3 Preliminary Design Report  Part 3, Page-3-1 
Environmental Permitting  
w:\2009\0997003.00_city of longview\09-reports\9.09-reports\pdr_mar2010\part3\3_enviromental permitting_final_5-03-10.doc 

 

Section 3: Project Purpose and Need 

An essential part of developing the EID is to provide a purpose and need for the project, 
describing what deficiency the project is addressing and how the deficiency is being corrected.  
As part of the process, the City and stakeholders should review and provide additional input for 
the purpose and need. 

3.1 Project Background 
The City’s Regional Water Treatment Plant (RWTP) was originally constructed in 1945, and 
underwent capacity expansions in 1960 and 1980 and a regulatory upgrade in 1998.  The plant 
experiences regular mechanical and structural failures due to age and increasingly poor raw 
water quality.  The concrete has deteriorated to the point that regular leaks in the walls of the 
settling basins and multi-media filters can no longer be patched.  Three of the eight filter basins 
have failed catastrophically since 2007, requiring complete replacement of all parts of the filter, 
including the concrete floor, underdrains, and filter media.   

Sediment in the Cowlitz River increased dramatically following the eruption of Mount St. Helens 
in 1980.  To capture the bulk of the sediment before it reached the Cowlitz River, the U.S. Army 
Corps of Engineers (USACE) constructed a sediment retention structure (SRS) on the Toutle 
River.  In 1998, the SRS reached its capacity and the volume of sediment washing down the 
Cowlitz River increased substantially.  Heavier sediment settles out in front of the RWTP intake 
structure, building sandbars, which form quickly, shift unpredictably, and threaten to leave the 
intake dry during periods of low water.  Lighter sediment remains in suspension and is carried 
into the plant by the raw water pumps.  All four intake pumps failed in just seven years (less 
than three years of run time per pump) due to the increased sediment wear and plugging, and 
the intake screens fail regularly due to the weight of accumulated sediment.   

Poor river conditions and aged facilities limit the treatment production capacity of the plant 
throughout the year.  In the summer, maximum daily demand regularly exceeds reliable plant 
capacity, and by 2011, the RWTP will be deficient in both its reliable capacity and maximum 
production capacity.  During a winter storm event in 2006, 10,000 pounds per day (lbs/day) of 
silt was carried into the plant, dropping the production rate to 5 MGD in order to meet drinking 
water quality standards.  Given the average daily demand of 6.1 MGD, this deficiency 
constitutes a real public threat to underserved residential, commercial, and industrial customers. 

3.1.1 Conclusion 
In 2005, the City and Cowlitz County PUD began investigating alternatives to improve the 
reliability of its water supply and meet the needs of a growing community.  The first alternative 
considered was repair and replacement of existing equipment to improve sediment removal and 
extend the life of the plant.  However, even with minor upgrades, maximum production capacity 
would be limited to 15 MGD and would not provide capacity for growth or meet the community’s 
future needs. 

The second alternative considered was major rehabilitation and expansion of the existing RWTP 
and Cowlitz River intake structure.  Construction cost and schedule are substantial because of 
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the need to maintain operation of the plant and meet water demand throughout construction.  
But without a feasible means to constrain or mitigate the volume of sediment being carried down 
the Cowlitz River, this alternative is not operationally or economically viable.    

After extensive testing and evaluation, the best solution is to construct a new groundwater 
supply and water treatment facility, which will provide a reliable and increased supply of high-
quality drinking water to a growing community at the lowest possible cost.  Constructing a new 
groundwater supply system relieves the RWTP from potential regulatory infractions and 
required upgrades related to surface waters; safeguards the water supply from the increasing 
sediment problems in the Cowlitz River; improves the ecological habitat on the Cowlitz River 
and reduces potential impacts to the water supply due to threatened or endangered species; 
and provides new facilities which can better address current and future water quality standards. 

Several Mint Farm Industrial Park (Mint Farm) properties were considered and a small northern 
site was proposed in the original conceptual plan.  Extensive subsurface investigation to 
characterize the aquifer indicated the deep aquifer was more productive and more thoroughly 
confined to the south.  A site roughly 600 feet (ft) north of Industrial Way and 1,200 ft west of the 
eastern boundary of the Mint Farm was selected following consideration of several available 
sites.  The location proved capable of supporting multiple wells, each producing approximately 
4,000 gallons per minute (gpm), and allows connections to the existing distribution system 
without impact to the Mint Farm mitigated wetland site. 

3.2 Purpose and Need 
The City and Cowlitz County PUD jointly own the RWTP on the Cowlitz River and propose to 
replace it with a new groundwater supply and greensand filtration plant, due to the antiquated, 
deteriorated, and malfunctioning condition of the existing plant, and due to conditions in the river 
that threaten the water supply and treatment plant.  The project is imperative to the health and 
safety of all 47,500 customers served by the RWTP because it replaces a failing single source 
of supply from the Cowlitz River with multiple groundwater wells and treatment facilities, which 
will meet or exceed the requirements of the Safe Drinking Water Act.   
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Section 4: Project Description 

This project consists of improvements that will upgrade the City’s water production and 
distribution system.  In general, these improvements include construction of a new groundwater 
pumping and treatment facility in the Mint Farm and construction of a transmission main to 
connect the new water production facility to the existing distribution system.   

4.1 Mint Farm Regional Water Treatment Plant 
The new RWTP at the Mint Farm will be located on an approximate 10-acre site located in the 
south-central portion of the Mint Farm in Longview, Washington.  The site address is 
1155 Weber Avenue, in Longview Washington.  The Weber Avenue South extension has not 
yet been finished, but construction completion is expected by September 2010.  Detailed design 
of the new RWTP is scheduled to be completed by the end of 2010.  Construction of the new 
proposed RWTP is currently planned to begin in February 2011 and the project should be 
completed by October 2012. The proposed site for the new RWTP is currently undeveloped 
land on a 10-acre parcel west of the Northwest Renewables site.  

The proposed RWTP site will be developed in accordance with the Mint Farm covenants and 
other applicable regulations.  Among other things, these regulations stipulate several features of 
the proposed work, such as building setbacks from property lines, building facades and exterior 
features, landscaping, requirements for site access and roads, and provisions for stormwater 
storage and treatment bioswales.   

It is anticipated that the main facility construction will take approximately 18 to 20 months to 
construct and the transmission main construction will take approximately 4 to 8 months.  The 
new RWTP site construction is anticipated to be on the following schedule: 

• Detailed design and permitting completed by the end of 2010 

• Project bids received December 2010 

• Construction begins February 2011 

• Construction complete September or October 2012. 

The new RWTP and transmission main will be constructed concurrently so that operations will 
be able to transition to the new plant once it is completed.  There will also be close coordination 
with the City to facilitate the transition from the existing RWTP to the new RWTP.  

Test wells in the area indicate that groundwater quality can be treated to potable standards and 
that the volume of water available from the aquifer is sufficient to meet maximum daily water 
demands within the Longview and Beacon Hill service areas through 2059.  Although the 
currently planned construction effort includes installation of only three well casings and four well 
pumps (one well casing has already been installed), the new RWTP may ultimately have up to 
six groundwater production wells.  Construction activity within the wellhead protection zone 
(100-foot-radius around each groundwater well) shall be minimized. 
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Based on drawings provided by Kennedy/Jenks, dated November 30, 2009, structures for the 
proposed Longview RWTP are anticipated to consist of two backwash storage tanks (with the 
potential to add an additional backwash storage tank to the north in the future), an office 
treatment building, a filter pipe gallery building (with the potential to add on to the north), and 
nine pressure filter tanks (with the potential to add three more).  The proposed plant layout is 
provided on Figure 2, Site Plan. 

Most of the proposed improvements will be constructed near the existing site grade.  Depending 
on the selected foundation support method used for the project, the base of the backwash 
storage tanks may be located below existing site grades.  The project will create approximately 
1.8 acres of impervious surface on the 10-acre site. 

The combined backwash storage tanks are anticipated to be approximately 130 ft long by 84 ft 
wide (two tanks).  If a third backwash storage tank is added, the size of the combined backwash 
storage tanks would be approximately 130 ft long by 125 ft wide.  It is anticipated that the 
backwash storage tanks will be supported by a mat foundation.   

To reduce impacts on the sewer and the Three Rivers Regional Wastewater Treatment Plant, 
waste washwater alternatives were considered to remove solids from backwash water and 
recovering that water by recycling it to the head of the plant.  Alternatives that were considered 
included: multi-stage membrane thickening; gravity settling; an aboveground tank; or a 
conventional concrete tank constructed below grade.  The recommendation from the Basis of 
Design Report is to provide an aboveground tank to hold the waste washwater, allowing the 
solids to settle out (Kennedy/Jenks 2010a).  The tank would be mounted on a mat foundation to 
evenly distribute the aboveground tank weight.  This option is recommended since it will reduce 
potential impacts to the Three Rivers Regional Wastewater Treatment Plant. 

The filter pipe gallery building is anticipated to be about 132 ft long by 27 ft wide.  If it is 
expanded, the length of the filter pipe gallery building could increase to 204 ft.  The proposed 
office/treatment building is currently envisioned to be about 84 ft long by 73 ft wide.  It is 
anticipated that both the filter pipe gallery building and office/treatment building will be 
supported by a mat foundation with an average bearing pressure of about 1,000 pounds per 
square foot (psf).  

Nine pressure filter tanks (with the potential to add three more) will be constructed to the west of 
the filter pipe gallery.  The filter tanks will be approximately 40 ft long and have a 12-ft-diameter.  
They will be supported by an approximate 10-ft-wide by 35-ft-long mat foundation with a pedestal 
on each end to support the filter tanks.   

Four wells are planned for the southern portion of the 10-acre site.  A well house, approximately 
32 ft long and 13 ft wide, will be installed adjacent to each proposed well.  We understand that 
each well house will be supported by a mat foundation with an average bearing pressure of less 
than 1,000 psf.  Three dewatering geotubes will be constructed in the northeastern corner of the 
property.    
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Paved access roads and paved parking areas will be constructed around the perimeter of the 
water treatment plant.  Gravel access roads will be provided to each of the proposed well heads 
and the area around the filter tanks and dewatering Geotubes™ will also be covered in gravel.  
Yard piping will lead from the water wells constructed to the south to the water treatment plant.  

The treatment process includes nine greensand filters and various chemical systems 
(hypochlorite, sodium hydroxide, fluorosilicic acid) with metering pumps and storage tanks.  
Ancillary processes include a blowoff/plant drain pump station, two air scour blowers, two 
backwash storage tanks, two backwash return pumps, two backwash waste pumps, three 
Geotubes™, a bladder surge tank, a standby generator, a new transformer, and all other 
mechanical, electrical, and instrumentation required to make a complete and operable facility.  

4.2 Transmission Main 
A new transmission main is proposed to connect the Mint Farm RWTP to the existing 
distribution system and reservoir.  Approximately 6,000 ft of 30-inch ductile iron pipe is 
proposed for the transmission main.  Additionally, a 12-inch spur from the 30-inch water main 
will connect with a water main running along Weber Avenue.  It is anticipated that the invert 
elevation of the 30-inch-diameter transmission main will be approximately 6 ft below the existing 
site grades and that 3 ft of cover will be provided.  The space between the side of the pipe and 
the trench sidewalls is anticipated to be between approximately 1½ to 2 ft.  

The 30-inch transmission main alignment generally heads east from the RWTP, to the 
Weyerhaeuser Railroad ROW, then north between the ROW and the mitigated wetland to a 
connection with an existing 20-inch-diameter main.  The northern terminus of the 30-inch 
transmission main is anticipated to be the 20-inch-diameter main, which is located near the 
intersection of Olive Way and Ocean Beach Highway.  The transmission main traverses mostly 
undeveloped areas, and there are few utility crossings and interferences anticipated for the 
project.  When following the railroad tracks, the transmission main will be installed just outside 
of the toe of the railroad tracks, within the Weyerhaeuser ROW, between a gas main and the 
mitigated wetland.  Utility crossings are anticipated at Weber Avenue.  The transmission main is 
shown on Figure 2. 

4.3 Project Cost and Funding 
The Basis of Design Report (Kennedy/Jenks 2010a) Section 9 provides a detailed estimate of 
the probable costs.  The estimated probable costs shown in Table 9.1 from Section 9 of the 
Basis of Design Report are included here to provide the information required as part of the 
NEPA Review. 
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Table 9.1: Estimate of Probable Construction Cost and Probable Project 
Cost  

Cost Breakdown Estimate of Probable Cost 
Incidentals (Mobilization, Bonds, Insurance, etc) $1,500,000 

General Site Work and Yard Piping $1,786,900 
Groundwater Wells and Well Buildings $1,902,000 

Pressure Filters and Filter Gallery Building $5,565,329 
Backwash Storage Tanks $2,295,760 
Office/Treatment Building $1,101,228 

Solids Dewatering and Drying System $85,966 
Transmission Main $1,272,218 

Electrical, Instrumentation, and Controls $1,308,763 
Subtotal $16,818,965 

Contractor Overhead and Profit at 15% $2,522,845 
Subtotal $19,341,809 

Taxes at 7.9% (Materials and Labor) $1,528,003 
Subtotal $20,869,812 

Engineering Allowance (on all except major equipment) at 30% $4,419,877 
Engineering Allowance (on major equipment) at 10% $613,689 

Subtotal $25,903,378 
Escalation to Midpoint of Construction (Jan 2012) at 4.0% $1,036,135 

Estimate of Probable Construction Cost $26,940,000 
Engineering Fees, Admin/Legal, Construction Management at 30% $8,100,000 

Recommended Owner Contingency at 10% $2,700,000 

 
Estimated Range of Probable Project Cost 

($37,740,000) 
 

$31,000,000 to 
$49,000,000 

Notes: 

(a) Range of probable project cost based on AACE estimate accuracy of -15% to +30%. 
(b) Does not include property acquisition costs. 
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Additionally, the project funding will consist of: 

Public Works Trust Fund Pre-Construction Loan $840,000

Federal Earmark (2 EPA STAG Grants) $956,000

DWSRF Loan (1% interest) $8,000,000

Revenue Bonds (4.5% interest) $23,370,000

Cowlitz PUD (14.3% Ownership) $5,534,000

Total $38,700,000
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Section 5: DRAFT NEPA Environmental Information 
Document (EID) 

The EID requires the applicant to describe any special or sensitive areas within the project site 
and the existing conditions.  If the project impacts any of these sensitive areas, the applicant 
must provide mitigation for the impacts.  Sensitive areas reviewed for this project include 
Wetlands, Air Quality, Noise, Threatened and Endangered Species, Agricultural Lands, 
Recreational or Scenic Resources, Archaeological and Historical Resources, Drinking Water 
Sources, Flood Plain Impacts, Commercial Uses, Land Uses, Geology and Soils, Parklands and 
Public Lands, and Environmental Justice and Tribal Communities.  Sensitive areas eliminated 
from this review include Wild and Scenic Rivers, as there are no listed wild and scenic rivers in 
the project area.   

5.1 Existing Site Conditions 
The City lies along the north bank of the Columbia River in southwestern Washington.  The Mint 
Farm Industrial Park came into being during the 1980s, when the Pacific Northwest economy 
was in what many referred to as a recession, and the eruption of Mount St. Helens devastated 
the area socially and economically (City of Longview, Mint Farm website 2009). The timber 
industry, which had long been the mainstay of the City’s economy, was facing significant 
reductions in harvesting, compounding the lack of employment opportunities within the region. 
Although many opinions promoted the need for economic diversity, there was a reluctance to 
risk venture capital during such difficult times. The need for reducing dependency on timber-
related business was evident.  

After nearly a decade of unsuccessfully encouraging industrial land development, it became 
obvious that the investment capital would have to come from the community. With this vision, 
the City decided to assume the role of "developer," creating the Mint Farm Industrial Park, a 
public/private partnership.  The Mint Farm Industrial Park is in the western portion of the City 
and consists of 335 acres of developable property and approximately 100 acres of public open 
space and public ROWs.  Until about 1975, the site was used for agricultural operations, 
including mint and grass farming.   

The selected project site had several isolated wetlands on the property.  As part of the Mint 
Farm project, the City did obtain all the necessary permits for filling and grading of 25 acres of 
wetlands and drainage swales under USACE Permit #1998-4-00832.  The City also provided 
two advanced mitigation sites on the property to mitigate for filling of the various smaller 
wetlands, mostly on the southern portion of the site (Figure 5 and Appendix E).  

The new RWTP will be located in the Mint Farm Industrial Park, in Section 31 of Township 8 
North, Range 2 West.  The proposed wellfield site is located on an approximate 10-acre parcel 
at 1155 Weber Avenue.  

As part of the review for floodplains, Federal Emergency Management Agency (FEMA) data 
was obtained for the area.  The existing 10-acre parcel is approximately 10 ft above mean sea 
level (MSL) and the surrounding area is relatively flat.  According to FEMA, the area is protected 
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from flooding by existing levees and dikes.  Due to the levees and dikes, the majority of the area 
is shown as Zone X (area protected from flooding) on the FEMA maps, with a small ditch area 
shown as Zone A (an area subject to flooding), per FEMA Flood Map Community Panel 
5300340005 D (map revised December 20, 2001). However, the area marked as Zone A on the 
FEMA map was a drainage ditch that has been filled by the City and is no longer a drainage 
ditch; therefore, this area is no longer subject to flooding (Appendix A ). 

The proposed transmission main alignment will generally head east from the new RWTP 
(approximately 1,000 ft), to a Weyerhaeuser Railroad ROW, then north (approximately 5,000 ft) 
between the ROW and the mitigated wetland to a connection with an existing 20-inch-diameter 
main.   

5.1.1 Environmental Site Assessment 
A Phase I/II Environmental Site Assessment (ESA) was conducted by Kennedy/Jenks for the 
Mint Farm site as part of the due diligence for constructing facilities for developing a new 
groundwater source and water treatment plant (Kennedy/Jenks 2010b).  Recognized 
environmental conditions (RECs) reported in the Phase I ESA include: 1) the removal of a 
leaking underground storage tank in 1989 and the subsequent onsite treatment of total 
petroleum hydrocarbon (TPH) impacted soil to concentrations below the detection limit; 2) a 
junk yard operated on the Mint Farm site, which was cited in 1992 for operating without a 
license under “unsanitary conditions;” and 3) the Mint Farm site was used for agricultural 
activities prior to 1975 and operations may have included the use of pesticides.   

As part of the Phase II ESA activities, soil and groundwater samples were collected from the 
northern (11 soil borings) and southern (10 soil borings) portions of the Mint Farm site.  Arsenic 
and chromium were detected in soil in both the northern and southern portions of the Mint Farm 
site at concentrations above Washington State Department of Ecology (Ecology) Model Toxics 
Control Act (MTCA) Method B cleanup levels based on unrestricted land use for both direct 
contact and leaching to groundwater, but below statewide background concentrations.  In 
addition, dieldrin was detected above the direct contact cleanup level in one shallow soil sample 
(0-6 inches) on the southern portion of the Mint Farm site, but below the cleanup level in a 
deeper soil sample at the same location.  In the northern portion of the Mint Farm site, diesel- 
and residual-range TPHs, aldrin, dieldrin, arsenic, lead, and manganese concentrations were 
reported in some groundwater samples to exceed their respective comparison levels.  In the 
southern portion of the site, the concentration of manganese in one groundwater sample 
exceeded the comparison level.  It was reported that elevated turbidity in the groundwater 
samples taken at boring locations may be the reason for the chemical compounds being 
detected in the groundwater (Kennedy/Jenks 2010b). 

Based on the summary of the Phase I/II ESA activities and conclusions presented in the 
Kennedy/Jenks preliminary design report, the effects of the identified RECs are likely limited to 
shallow soil and groundwater and would not likely effect deeper sources of groundwater that will 
be used as source water for the proposed water treatment plant (Kennedy/Jenks 2010b).  
However, due to historical operations at the Mint Farm site, including storage of petroleum 
products, operation of a junk yard, and possible pesticide use, procedures should be in place to 
address any evidence (i.e., visual or olfactory) of potentially hazardous material encountered in 
soil or groundwater during any excavation or construction within the Mint Farm site.   
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5.2 Project and Alternatives 

5.2.1 Project Impacts 

5.2.1.1 Preferred Alternative 
Other alternatives and sites were reviewed for locating the new RWTP.  This particular site was 
selected based on many factors, including a cost comparison of trying to rehabilitate the existing 
60 year old RWTP and the review of other site locations for the new RWTP.   

Under the preferred alternative, the wellheads and the treatment plant are in a location that is 
suitable for drawing water from the deep groundwater aquifer.  The treatment plant will be 
located away from the mitigated wetlands and there will be no impacts to the mitigated wetland 
sites.  In addition, the water distribution pipeline alignment (transmission main) has been 
selected to avoid impacting the wetlands and their associated buffers.  Construction work will 
include protective fencing to ensure equipment and trenching occurs outside the mitigated 
wetland site and the associated buffer. 

The estimated water need has been calculated to be approximately 17 MGD.  Based on the 
information on the deep aquifer characteristics, this need can be met by building the new 
treatment plant in this location.  This preferred alternative meets the purpose and need for the 
project. 

5.2.1.2 Alternative Not Selected 
Another alternative considered was to locate the plant at the northern end of the site by the 
existing electrical plant.  As part of this study, Kennedy/Jenks did extensive research on site 
suitability based on aquifer characteristics. The aquifer was not suitable for use at the northern 
portion of the Mint Farm.  Additionally, this alternative would have required the water pipeline 
alignment to be placed underneath the mitigated wetland area to minimize wetland impacts, 
which would require temporary dewatering at the mitigation site. 

5.2.1.3 No Action Alternative 
The no action alternative would be to repair and upgrade the existing RWTP.  Under the no 
action alternative, and as stated in the purpose and need, there would be substantial cost to 
maintain and upgrade the existing 60-year old RWTP, there would be no increase in capacity to 
meet the future need of the community, and there would be risks to water quality, including the 
potential for flood-induced water quality degradation, and the inability to meet the current daily 
water needs of the community.   

As part of the upgrades required for maintaining the existing water treatment plant, in-water 
work would be required on the intake structures in the Cowlitz River.  The Cowlitz River has 
threatened salmon and Pacific smelt species and is critical habitat for Coho salmon.  Any work 
in the Cowlitz River requires substantial permitting to comply with regulations under the 
Shoreline Management Act, Hydraulic Project Approval (HPA) requirements, the Clean Water 
Act, and the Endangered Species Act (ESA). 
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Due to the age of the existing plant (64 years), the continual sediment buildup in the Cowlitz 
River, the cost to maintain and rehabilitate the existing plant, the unpredictable mechanical 
failures due to the silt buildup, the limitations on capacity, the regulatory requirements, and other 
factors (see Basis of Design Report, Section 3.3.3, Kennedy/Jenks 2010a), the City did not 
consider this a viable alternative. 

Additionally, since the no action alternative would only provide upgrades and maintenance to 
the existing facility and would not provide any additional capacity, the no action alternative 
cannot meet the purpose and need for the project. 

5.3 Wetlands 

5.3.1 Existing Conditions 
As part of the Mint Farm project, the City did obtain all the necessary permits for filling and 
grading of 25 acres of wetlands and drainage swales under the USACE Permit #1998-4-00832.  
The City also provided two advanced mitigation sites on the property to mitigate for filling of the 
various smaller wetlands at the southern portion of the site.  One mitigated wetland is on the 
northwestern portion of the Mint Farm site, just south of the 38th Avenue entrance, and the other 
mitigated wetland is along the eastern edge of the site and extends approximately mid-site to 
the northern end of the site (Figure 4).  

The wetland mitigation sites are monitored every six months to ensure all the provisions outlined 
in the Final Wetland Assessment, Compensatory Mitigation Plan, and Performance Monitoring 
Program, dated September 15, 2000, and subsequently formalized in the Wetland Mitigation 
And Site Grading Improvements Plan Sheets, dated May 26, 2006, are complied with by the 
City. 

The compensatory wetland mitigation sites are in the central eastern and western portions of 
the Mint Farm site.  Over two years, the compensatory work has created a total of 29 acres of 
wetland and enhanced 22 acres of wetland area. The sites have been monitored and are still 
being monitored as part of the mitigation plan.  Habitat Technologies is actively monitoring the 
site and the City has the monitoring plans on file (Appendix F). 

5.3.2 Project Impacts 

5.3.2.1 Preferred Alternative 
The preferred alternative RWTP buildings and structures on the 10-acre parcel will not impact 
the existing wetland or associated buffer since the location is a substantial distance from the 
mitigated wetland site.  A portion of the transmission main (approximately 4,500 linear ft) will be 
outside of, but adjacent to, the mitigated wetland and associated buffer.  However, during 
construction, protective fencing and best management practices (BMPs) will be used to prevent 
any equipment or materials from entering the buffer or wetland during pipe trenching and 
installation.  

The Washington State Department of Fish and Wildlife (WDFW) may require authorization for 
this work under a HPA, which is applied for using the Joint Aquatics Resource Permit 



 

City of Longview – Mint Farm RWTP Part 3 Preliminary Design Report  Part 3, Page-5-5 
Environmental Permitting  
w:\2009\0997003.00_city of longview\09-reports\9.09-reports\pdr_mar2010\part3\3_enviromental permitting_final_5-03-10.doc 

 

Application (JARPA).  An HPA is required anytime work occurs on, over, in, or adjacent to a 
water of the state.  The definition of water of the state includes mitigated wetlands.  Since there 
will not be any in-water work, it is anticipated the project will not require Section 404/401 permits 
under the Clean Water Act (CWA) and provided the transmission main installation remains 
outside of the wetland and the associated buffer, the project should not require wetland 
development permits. 

5.3.2.2 Alternative Not Selected 
The alternative at the northern portion of the site would have required the transmission main to 
be directionally drilled underneath the existing mitigated wetland site at the eastern portion of 
the Mint Farm.  Although the directional drill method would be used to minimize wetland 
impacts, dewatering for this type of directional drill could still temporarily impact the mitigated 
wetland site.  

5.3.2.3 No Action Alternative 
The rehabilitation of the existing RWTP does not have any environmental impact on any of the 
mitigated wetlands on the Mint Farm site.  

5.4 Air Quality 

5.4.1 Existing Conditions 
The project is not a source of emissions during operation.  Additionally, the project is not located 
in an area identified by Ecology as being elevated in particulate, ozone, or carbon monoxide.  
According to an Ecology website, the only area in Washington State not in attainment is the 
Puyallup Valley, Wapato Hills area in Puget Sound, over 70 miles north of the project site 
(Ecology 2010).  

During construction, any emissions from construction equipment will be temporary and localized 
and will be mitigated through the use of approved construction BMPs, including watering the site 
during dry periods to minimize the amount of dust particles.  

Since the RWTP will operate on electricity and the generator is for emergencies, the plant 
operation will not increase air emissions in the area.  The only time there would be emissions is 
during operation of the emergency generator.  All of the alternatives would have minimal, if any, 
impact on the air quality; therefore, this level of analysis for air quality should be sufficient for 
scoping and the NEPA environmental review. 

5.5 Noise 

5.5.1 Existing Conditions 
The project and the alternatives are all located in manufacturing zones and have significant 
separation from sensitive noise receptors.  Sensitive noise receptors include hospitals, schools, 
nursing homes, etc. The project itself should not generate significant amounts of noise from 
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general operations on the site.  Noise generated from other operations adjacent to or near the 
RWTP should not have an impact on plant operations. 

5.5.2 Project Impacts 

5.5.2.1 Preferred Alternative 
Temporary construction noise will occur; however, the preferred alternative is over 4,000 ft away 
from schools and other sensitive noise receptors.  It is anticipated the construction will occur 
during day time hours and therefore the project will have minimum disruption to the residential 
residences in the area.  Therefore, the preferred alternative should not impact adjacent sensitive 
noise receptors. 

5.5.2.2 Alternative Not Selected 
The alternative at the northern end of the Mint Farm site is just over 3,000 ft from the Faith 
Family Christian Center.  There would be no noise impacts to the sensitive noise receptor. 

5.5.2.3 No Action Alternative 
The existing plant is in operation and is within 500 ft of Catlin Elementary School in the Kelso 
School district. However, given the distance and the type of equipment operating at the existing 
RWTP, this alternative should not have noise impacts to the elementary school. 

5.6 Threatened and Endangered Species 

5.6.1 Existing Conditions 
The existing RWTP is located adjacent to the Cowlitz River and has intake structures within the 
Cowlitz River.  The project area, including the existing RWTP and the proposed new RWTP, are 
located in Water Resource Inventory Areas (WRIA) 25 and 26.  According to WDFW Priority 
Habitats and Species Maps (PHS Maps), there is a State priority fish presence both in the 
Columbia River, which is located approximately ¾ mile southwest of the Mint Farm, and in the 
Cowlitz River, which is located adjacent to the existing RWTP (WDFW 2010).   

Current ESA listings for threatened fish species in the Columbia River include Chinook Salmon, 
Coho Salmon, Chum Salmon, Steelhead (NOAA 2009), and Pacific Smelt (Thaleichthys 
pacificus).   

5.6.2 Project Impacts 

5.6.2.1 Preferred Alternative 
The proposed new RWTP will be located approximately ¾ mile northeast of the Columbia River.  
Due to the distance from the river, construction and operation of the proposed RWTP will not 
impact threatened species located in the Cowlitz or Columbia Rivers. 
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5.6.2.2 Alternative Not Selected 
The location of the alternative not selected is greater than ¾ mile northeast of the Columbia 
River; therefore, construction of this alternative would not impact threatened species located in 
the Cowlitz or Columbia Rivers. 

5.6.2.3 No Action Alternative 
If the new proposed RWTP were not built, repairs or system modifications to the current RWTP 
would be necessary.  Based on the Basis of Design Report, there would be a need to repair 
existing intake structures located in the Cowlitz River (Kennedy/Jenks 2010a).  Intake repairs 
could result in impacts to State priority and threatened fish species in the Cowlitz River.  
Additionally, Pacific Smelt are recently listed as a federally threatened species under the ESA. 

5.7 Agricultural Lands 

5.7.1 Existing Conditions 
According to the United States Department of Agriculture National Resource Conservation 
Service (NRCS) Web Soil Survey, the Mint Farm is located on land rated as “Prime Farmland if 
drained and either protected from flooding or not frequently flooded during the growing season” 
(NRCS 2010).  The site was used for farming in the past; however, since the 1980s, the site has 
been planned for use as an industrial park. The City has zoned the area as Manufacturing 
District 2 (M-2) and the comprehensive plan designation is Heavy Industrial; therefore, the 
intended use of the site is industrial, not agricultural (Appendix D). 

5.7.2 Project Impacts 

5.7.2.1 Preferred Alternative 
The proposed location for the preferred alternative is in an industrial park, in an area zoned for 
industrial uses; therefore, there will be no impacts to agricultural lands.  

5.7.2.2 Alternative Not Selected 
The location of the alternative not selected is in an industrial park, in an area zoned for industrial 
uses; therefore, there would be no impacts to agricultural lands. 

5.7.2.3 No Action Alternative 
Since the existing plant is already built, there would be no impacts to agricultural lands.  
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5.8 Recreational or Scenic Resources 

5.8.1 Existing Conditions 
The proposed locations for the preferred alternative and the alternative not selected are within 
the Mint Farm site.  With the exception of the two wetland mitigation sites located within the Mint 
Farm, there are no recreational or scenic resources in the vicinity of these locations. 

The existing RWTP is located on the western bank of the Cowlitz River.  The Cowlitz River 
provides both recreational and scenic resources to the region.  

5.8.2 Project Impacts 

5.8.2.1 Preferred Alternative 
Impacts from construction activities or facility operations will not occur within the wetland buffers 
located in the Mint Farm; therefore, there would be no direct impacts to recreational or scenic 
resources.  However, construction of a new RWTP at this location would allow for the existing 
RWTP facility (adjacent to the Cowlitz River) to be decommissioned and demolished, thereby 
improving the potential for recreational and scenic resources on the Cowlitz River.  

5.8.2.2 Alternative Not Selected 
Impacts from construction activities would occur within the wetland buffers located in the Mint 
Farm with this alternative.  Although the directional drill method would be used to minimize 
wetland impacts, dewatering for this type of directional drill could still impact the mitigated 
wetland site.   

5.8.2.3 No Action Alternative 
If a new RWTP was not constructed, the existing RWTP would continue operating.  Due to 
mechanical failures associated with high solids loading, modifications to the facility would be 
required.  It would also be necessary to upgrade the intake structure in order to meet 
Department of Fish and Wildlife requirements.  Facility and system modifications would likely 
impact recreational uses on the Cowlitz River.  However, if the RWTP were removed, this could 
indirectly enhance the existing recreation uses on the Cowlitz River. 

5.9 Archaeological and Historical Resources 

5.9.1 Existing Conditions 
Prior to this project, the Mint Farm site was surveyed for historic and archaeological resources. 
Additionally, the specific area for the proposed RWTP and the transmission main were surveyed 
by archaeologists in December 2009.  The work consisted of researching historic documents, 
including information at the Department of Archaeology and Historic Preservation and reviewing 
the area maps.  During the site visit, subsurface testing was conducted by digging 46 shovel 
probes at the proposed RWTP site and along the alignment of the transmission main.  Material 
from each shovel probe was screened through a ¼-inch mesh. A Cultural Assessment has been 



 

City of Longview – Mint Farm RWTP Part 3 Preliminary Design Report  Part 3, Page-5-9 
Environmental Permitting  
w:\2009\0997003.00_city of longview\09-reports\9.09-reports\pdr_mar2010\part3\3_enviromental permitting_final_5-03-10.doc 

 

prepared for the project.  That document is not subject to public disclosure; however, allowed 
information is summarized below. 

5.9.2 Project Impacts 

5.9.2.1 Preferred Alternative 
The research showed there are four properties within a 1-mile radius that are listed on the 
National Historic Register and the Washington State Historic Register.  None of these sites will 
be impacted by the proposed project.  During the site investigation, no cultural resources were 
identified from any of the shovel probes; however, there is an archaeological site within a 1-mile 
radius of the Mint Farm.  The Columbia River and the Cowlitz River are known to be areas used 
for fishing and hunting by several Northwest tribes.  Therefore, it is recommended that 
archaeological monitoring of all ground disturbing construction activities be done during the 
construction of the RWTP. 

5.9.2.2 Alternative Not Selected 
This area was not reviewed as part of the archaeological work; however, the site would also be 
in close proximity to the historic and archaeological site.  Additionally, the area would also be in 
close proximity to areas known to be used for fishing and hunting by Northwest tribes.   

5.9.2.3 No Action Alternative 
The existing treatment plant is very close to the Cowlitz River and draws surface water from the 
Cowlitz River.  The Cowlitz River was used for fishing by the tribes.  Additionally, in 2007, the 
Cowlitz Indian Tribe petitioned NOAA’s Fisheries Service to list the Pacific Smelt under the ESA 
(NOAA 2009). Smelt (also referred to as Eulachon) were historically an important fish to the 
tribes. Therefore, the continued use of the existing RWTP may be hampered due to the listing of 
several fish species in the Cowlitz River, including Pacific Smelt. 

5.10 Drinking Water 

5.10.1 Existing Conditions 
Drinking water for the City is currently provided by the existing RWTP at the eastern end of the 
City.  Mechanical failures at the facility due to high solids loading from source water in the 
Cowlitz River has reduced the production of treated water during the winter season to 5 MGD at 
times.  That production volume is lower than the City’s average daily demand for water during 
the winter season.   

5.10.2 Project Impacts 

5.10.2.1 Preferred Alternative 
Based on the Basis of Design Report, forecasted drinking water demand for the region is 
expected to be approximately 17 MGD by the year 2029 (Kennedy/Jenks 2010a).  The 
proposed RWTP will be designed to meet forecasted water demand projections (Appendix G).  
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The current proposal is to use a greensand filtration treatment, per the Basis of Design Report.  
This method is a proven treatment process for iron, manganese, and arsenic in groundwater.  
The drinking water will meet or exceed all current federal, state, and local standards for drinking 
water. 

5.10.2.2 Alternative Not Selected 
Extensive research was performed to determine if placement of the proposed RWTP at the 
alternative location not selected would be feasible.  Based on subsurface research, it was 
concluded that this site would not be suitable based on aquifer characteristics. 

5.10.2.3 No Action Alternative 
If a new RWTP was not constructed, continued operation of the existing RWTP would be 
necessary.  Continuing to use Cowlitz River surface water will require high solids removal, 
disinfection, and compliance with state and federal rules for surface water treatment.  
Additionally, operation of the existing RWTP would result in using source water that continues to 
be silt-laden, thereby plugging the intake system, resulting in higher maintenance costs, 
limitations on capacity, risk of flood-induced water quality degradation, and risk of contamination 
with contaminants of emerging concern (CECs).  

5.11 Floodplain Impacts 

5.11.1 Existing Conditions 
The existing 10-acre parcel within the Mint Farm has an elevation of approximately 10 ft above 
MSL with relatively flat topography.  The area is protected from flooding by existing levees and 
dikes, and due to the levees, is shown as Zone X and Zone A on the FEMA Flood Map 
Community Panel 5300340005 D (FEMA 2001, Appendix A).  The ditch area designated as 
Zone A on the FEMA map was filled by the City during the site development phase.  The City of 
Longview Critical Area Map (Appendix D) shows the area as being outside the flood zone. 

5.11.2 Project Impacts 

5.11.2.1 Preferred Alternative 
The site for the RWTP is mostly located within the area designated as Zone X.  Additionally, 
regulations are in place for stormwater flow control (quantity) at the site.  The City’s Stormwater 
Manual (March 2009) provides minimum design standards for erosion and stormwater control.  
In this case, the site is within the drainage boundary for the Consolidated Diking Improvement 
District #1 (CDID #1).  This district is exempt from flow control since the run-off from the Mint 
Farm is conveyed via Ditch 10 or Ditch 12 to a regional stormwater facility on Industrial Way, 
west of the Mint Farm site.  For water quantity, a fee is required in lieu of the onsite detention 
facility.  Section 6.3.2.1 of the Basis of Design report provides detailed information on the 
requirements (Kennedy/Jenks 2010a).   
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For water quality, this requirement will be complied with by installing a stormwater swale in a 
landscaped strip along the site’s frontage with Weber Avenue.  The swale will be designed to 
comply with Section 2.2.7 of the City’s Stormwater Manual. 

5.11.2.2 Alternative Not Selected 
The alternative site would have also complied with requirements in the City’s Stormwater 
Manual.  The location of that site would have also been in the area designated as Zone X.  

5.11.2.3 No Action Alternative 
The rehabilitation of the existing RWTP should not have impacts to existing flood areas.  The 
Critical Area Map (Appendix D) shows the area as being outside the flood zone and FEMA 
Flood Map Community Panel 5300340005 D (Appendix A) shows the area as Zone X and within 
the CDID #1. 

5.12 Commercial Uses 

5.12.1 Existing Conditions 
The primary commercial uses in the vicinity of the proposed RWTP and water main alignment 
are located east of the location at the northern terminus of the proposed 30-inch transmission 
main (located near the intersection of Olive Way and Ocean Beach Highway.  There are some 
small commercial businesses south of the proposed RWTP site; however, most of these are gas 
stations and small restaurants interspersed with the industrial uses.  The area to west is 
industrial or undeveloped property. 

5.12.2 Project Impacts 

5.12.2.1 Preferred Alternative 
The proposed RWTP will be a benefit to commercial uses in the City.  Construction of the 
proposed RWTP will ensure that the City’s projected water demands will be met through the 
year 2029.  Additionally, the proposed design includes provisions to allow for future plant 
expansion to meet estimated 2059 demands.  

There would be no adverse impacts to commercial uses in the City from operation of the 
proposed RWTP, and any construction activities that occur adjacent to commercial areas (near 
the intersection of Olive Way and Ocean Beach Highway) will be temporary. 

5.12.2.2 Alternative Not Selected 
As described above, construction of the proposed RWTP will be beneficial to commercial uses; 
however, due to aquifer conditions, this site is not technically feasible. 
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5.12.2.3 No Action Alternative 
There would be no direct impacts to commercial uses; however, due to operational issues, the 
existing RWTP cannot regularly meet the City’s average daily water demand in the winter 
season, which could have a detrimental impact on commercial uses in the future.  

5.13 Land Uses 

5.13.1 Existing Conditions 
The City zoning designation for the Mint Farm site is Manufacturing District 2 (M-2).  The 
proposed site is located in an area that is designated M-2, and all land adjacent to the proposed 
site is also designated M-2 (Appendix D).  Land designated for residential use, Suburban-
Residential (S-R) and Residential 1 (R-1) is located approximately ¼ mile east of the preferred 
alternative project location and is currently developed with single-family dwellings. 

The existing RWTP is located along the western bank of the Cowlitz River in an area that has 
an S-R zoning designation, is surrounded by single-family residential dwellings, and is also 
within 200 ft of the designated shoreline of the Cowlitz River. 

5.13.2 Project Impacts 

5.13.2.1 Preferred Alternative 
The Mint Farm site is designated M-2.  The proposed land use as a water treatment facility is 
consistent with surrounding land uses, the City’s zoning designations, and the City’s 
comprehensive plan.  Single-family residential dwellings are located approximately ¼ mile east 
of the proposed site; however, due to the proximity and the nature of the treatment facility, it is 
not likely to have adverse impacts to residential dwellings. 

5.13.2.2 Alternative Not Selected 
As stated above, the Mint Farm site is designated M-2; therefore, the proposed land use as a 
water treatment facility is consistent with surrounding land uses and the City’s zoning 
designations.   

5.13.2.3 No Action Alternative 
The existing RWTP would continue to operate on the western bank of the Cowlitz River.  There 
would be no additional impacts to land uses; however, necessary facility upgrades may require 
in-water work in the Cowlitz River, which could potentially impact Cowlitz River uses.   

5.14 Geology and Soils 

5.14.1 Existing Conditions 
Geologic and soil information for the project area is summarized in this section based on the 
Draft Geotechnical Report, Longview Regional Water Treatment Plant, Longview, Washington 
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(Geotech Report; Appendix B), prepared by Landau Associates in December 2009 (Landau 
Associates 2009).   

Near-surface deposits in the project area are mapped as alluvium.  Deposits defined as alluvium 
typically consist of younger, unconsolidated, stratified units of silt, sand, and gravel. In some 
areas, alluvium may contain interbeds of peat and organic silt.  The site is located near the 
confluence of the Columbia and Cowlitz Rivers, and the alluvium was likely transported and 
deposited by both rivers.  The alluvial unit is typically very soft/loose to stiff/medium dense, has 
low to moderate shear strength, and depending on its composition, can be moderately 
compressible.  

At the Mint Farm site, alluvial deposits consist primarily of fine-grained silts with abundant 
organics and varying plasticity.  Elsewhere at the Mint Farm site, coarse-grained alluvial 
deposits are more prevalent.  Due to the fine-grained alluvium encountered within 15 to 17 ft of 
the ground surface, the site is potentially susceptible to liquefaction. 

According to the Hydrogeologic Characterization Report (Kennedy/Jenks 2010c), there are two 
distinct groundwater systems at the site.  In addition to the deep aquifer, there is a shallow 
system ranging from 5 ft to 10 ft below ground surface (BGS) that is strongly influenced by the 
CDID drainage canals.   

5.14.2 Project Impacts 

5.14.2.1 Preferred Alternative 
The proposed lot for the new RWTP is currently undeveloped and covered with grass.  The 
project is anticipated to require 7,200 cubic yards (CY) of excavated material.  If possible, 
3,300 CY of excavated material will be reused for trench backfill, with the potential to haul off 
3,900 CY of material to an approved disposal site (unless it can be used as backfill).  It is 
anticipated that the project will require imported material to supplement any excavated material 
that cannot be reused on site.  Soil loss could occur directly from disturbance or indirectly from 
wind or water erosion.  To mitigate soil loss, all appropriate BMPs will be implemented during 
construction, according to state and local guidelines.  Refer to Appendix B for a copy of the 
Geotech Report. 

As stated in the Geotech Report, the use of Geopiers™ installed to about 20 ft BGS could be 
used to reduce the risk of liquefaction-induced total and differential settlement of structures 
supported at grade.  If deep foundations are used to support the proposed improvements, they 
would need to extend below the lowest potentially liquefiable soil layer. 

Additionally, due to the shallow groundwater, it is anticipated that dewatering will be required 
during construction of the RWTP and the transmission main. 

5.14.2.2 Alternative Not Selected 
The proposed lot for the alternative not selected is also located within the Mint Farm with 
geologic and soil conditions very similar to those described above in Section 5.13.2.1. 
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5.14.2.3 No Action Alternative 
In the no action alternative, no new RWTP would be constructed; therefore, there would be no 
impacts to geology or soils at the Mint Farm. 

5.15 Parks and Public Lands 

5.15.1 Existing Conditions 
The proposed locations for the preferred alternative and the alternative not selected are within 
the Mint Farm site.  The Mint Farm consists of 335 acres of developable property and 
approximately 100 acres of public open space and public ROWs.  With the exception of the 
public open space located in the Mint Farm, there are no public lands or parks in the vicinity of 
the proposed locations.  In addition, the current RWTP is not located in the vicinity of any parks; 
however, it is located adjacent to, and on the western bank of, the Cowlitz River. 

5.15.2 Project Impacts 

5.15.2.1 Preferred Alternative 
The proposed location of the preferred alternative is located on developable portions of the Mint 
Farm site, which is designated for industrial uses.  The proposed project will not impact the 
public open space portions of the Mint Farm.  There are no other parks or public lands near the 
proposed location of the preferred alternative; therefore, no impacts to parks or public lands are 
anticipated.  Demolition of the existing RWTP provides available land for possible future park. 

5.15.2.2 Alternative Not Selected 
The proposed location of the alternative not selected is located on developable portions of the 
Mint Farm, which is designated for industrial uses.  However, this alternative would have 
required the transmission main alignment to be placed underneath the mitigated wetland area to 
avoid any significant wetland impacts.  There are no other parks or public lands near the 
proposed location of the alternative not selected; therefore, no other impacts to parks or public 
lands would be expected. 

5.15.2.3 No Action Alternative 
There are no parks or public lands near the current RWTP; therefore, there would be no impacts 
to parks or public lands if mechanical repairs or system upgrades to the facility were required.  

5.16 Environmental Justice and Tribal Communities 

5.16.1 Existing Conditions 
The proposed new RWTP will ensure that the City’s average daily water demands are met 
through at least the year 2029 with the ability to expand to meet anticipated 2059 demands.  
The proposed project will provide clean water to meet the current and future needs of the 
community; therefore, the project is a benefit to the entire community.  The new RWTP is 
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proposed to be constructed in an area zoned for industrial/manufacturing uses and does not 
displace existing residences. 

5.16.2 Project Impacts 

5.16.2.1 Preferred Alternative 
Due to the community-wide benefits of the proposed new RWTP, and due to the proposed 
location the new RWTP in an industrially zoned area, there will be no adverse effects to tribal 
communities, minorities, and economically challenged groups. 

5.16.2.2 Alternative Not Selected 
Due to the community-wide benefits of the proposed new RWTP, and due to the proposed 
location the new RWTP in an industrially zoned area, there will be no adverse effects to tribal 
communities, minorities, and economically challenged groups. 

5.16.2.3 No Action Alternative 
There is the potential for adverse affect to the entire population, including tribal communities, 
minorities, and economically challenged groups, since the current and future demand for clean 
drinking water would not be met by the existing RWTP.  Additionally, the Cowlitz River, where 
the existing RWTP draws surface water, is considered usual and accustomed fishing and 
hunting grounds for local tribes, including the Cowlitz Indian Tribe. 

5.17 Conclusions 

5.17.1 Project Impacts 
In very general terms, the project purpose and need is to provide a reliable source of clean 
drinking water for the 47,500 customers served by the City and the Cowlitz County PUD.  The 
need is based on the failing existing RWTP and the sediment conditions in the Cowlitz River 
that threaten the water supply and lead to mechanical failures within the existing RWTP. 

5.17.1.1 Preferred Alternative 
The preferred alternative provides a new groundwater supply with a reliable filtration system and 
replaces a single source of water supply with multiple groundwater wells to meet the water 
needs of the community.  The site for the RWTP is in an area zoned for this type of use, will not 
impact the wetland mitigation site or its associated buffer, and will comply with all the applicable 
City codes (zoning, building, stormwater, etc.) and the Mint Farm covenants.  Additionally, there 
are no listed endangered species within the new RWTP location.  The RWTP will provide 
drinking water that meets or exceeds current federal and state standards.   

The preferred alternative will meet the current water demand and will meet the future clean 
drinking water needs of the community.  Therefore, the preferred alternative meets the purpose 
and need of the project. 
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5.17.1.2 Alternative Not Selected 
The alternative not selected was also located within the Mint Farm; however, the construction 
would have had minor impacts to the existing wetland mitigation site by requiring a directional 
drill under the mitigated wetland for the transmission main.  Additionally, the aquifer at this 
location is not suitable for use.  Therefore, the alternative not selected does not meet the 
purpose and need for the project.  

5.17.1.3 No Action Alternative 
The existing RWTP is failing due to the age (64 years) of the plant and the continual intake of 
sediments from the Cowlitz River, causing mechanical failures and water quality problems.  
There is no feasible way to constrain or mitigate the volume of sediment being carried down the 
Cowlitz River.   

Additionally, in-water work, which would be required for any upgrades and repairs to the intake 
structure, could potentially impact listed endangered species.  The existing RWTP is in the 
Cowlitz River, which supports listed ESA species.  Additionally, the Cowlitz River supports 
Pacific Smelt, which recently was may be added to the list of ESA fish species within the Cowlitz 
River.  Any work to the existing RWTP will require extensive permitting, including local permits 
for shoreline work, state permits from Ecology and WDFW, federal permits for in-water work 
from the USACE, coordination with the Cowlitz Indian Tribe, and a Biological Assessment for 
fish species listed under the ESA. 

The no action alternative does not meet the purpose of providing a reliable source of clean 
drinking water.  Additionally, the existing RWTP would be very expensive to rehabilitate, would 
require extensive permitting to retrofit and maintain, and would still only provide a single source 
for clean drinking water.  The removal of the existing RWTP could provide aesthetic and 
recreation opportunities, eliminates the need to constantly obtain permits for in-water work, and 
ultimately removes some man-made structures from the Cowlitz River.  Not only would 
continued use of the RTWP not meet the purpose and need, there are potential environmental 
impacts associated with the continued use of the existing RWTP.
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Table A: Sites Within the Mint Farm Well Field Source Area Identified During the Phase I 
and II Environmental Site Assessment

Site Name(a) Site Address Site Contact/Phone Number
Map 

Identification(b) Regulatory Listing(c)
Potential Source 

Identification
Mint Farm Energy Cen
Mint Farm Generation,
LLC

ter, 
 

1200 Prudential Boulevard Joey Henderson/(425)-457-5835 1 SPILLS, NPDES Industrial Facility

Flexible Foam Product
Inc., Prudential Steel

s, 
1205 Prudential Boulevard

Julie Miller or Ma
575-8844

rk Daily/(360)-
2

RCRA SQG, VCP, 
CSCSL NFA, FINDS, 

NPDES Industrial Facility
Chinook Ventures, Inc
Reynolds Aluminum, 
Reynolds Metals, 
Longview Aluminum

., 

4029 Industrial Way Barry Oliver/(360)-636-8248 3

CERCLIS NFRAP, 
RCRA LQG, UST, 

CSCSL NFA, 
MANIFEST, Industrial Facility

Weyerhaeuser Compa
Weyerhaeuser Plywoo
Mill

ny, 
d 

3401 Industrial Way Brian Wood/(360)-425-2150 4

SHWS (CSCSL), ICR, 
SPILLS, RCRA LQG, 

INST CONTROL, 
MANIFEST, AIRS 
(EMI), HAZNET  Industrial Facility

Longview Substation 3600 Industria
D t f E

l Way
Deparment o  c
Southwest Regio

lo ogy, 
n 5 UST, LUST, ICR UST

Astro Gasoline, 
Washington Way Market 3357 Washington Way

Deparment of Ec
Southwest Regio

ology, 
n 6 UST, LUST, ICR UST

Millers Market 3132 Washington Way
Deparment of Ec
Southwest Regio

ology, 
n 7 UST, LUST, ICR UST

Notes:
Solvay Interox Chemical SITE DOES NOT APPEAR ON ANY LISTS, BUT IS ADJACENT TO WELLFIELD
JM Huber SITE DOES NOT APPEAR ON ANY LISTS, BUT IS ADJACENT TO WELLFIELD
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(a) Site information provided in this table is based on a search of available environmental records conducted by Environmental 
(EDR, enquirey number 2456126.2s, 31 March 2009). The EDR search was conducted as part of the Draft Phase I and II Environmenta
Mint Farm Well Field, Longview, Washington (Kennedy/Jenks Consultants, 13 July 2009). Information from the EDR search was also 
preparation of the Draft Addendum to the Phase I and II Environmental Site Assessment, Mint Farm Well Field (Kennedy/Jenks Cons
December 2009).    
(b) See accompanying map for Site locations. 
(c) Database listings are as follows: 
SPILLS: Spills reported to the Spill Prevention, Preparedness, and Response Division 
NPDES: National Pollution Discharge Elimination System
RCRA SQG: Resource Conservation and Recovery Act Small Quantity Generator
VCP: Voluntary Cleanup Program
CSCSL NFA: Confirmed and Suspected Contaminated Sites List - No Further Action
FINDS: Facility Index System
CERCLIS NFRAP: Comprehensive Environmental Response, Compensation, and Liability Information System Archived
RCRA LQG: Resource Conservation and Recovery Act Large Quantity Generator
UST: Underground Storage Tank
MANIFEST: Hazardous Waste manifest Information
SHWS (CSCSL): State Hazardous Wate Sites (Confirmed and Suspected Contaminated Sites List)
ICR: Remedial Action Report received by the Department of Ecology
INST CONTROL: Institutional Controls
AIRS (EMI): Washington Emissions Data System (Emissions Inventory Data)
HAZNET: Hazardous Waste Network
LUST: Leaking Underground Storage TankLUST: Leaking Underground Storage Tank



Table B: Source Areas Potentially Affected by Sites in Vicinity 
of the Mint Farm 

Site Name Map Identification
Source Areas Potentially Affected by 

Site
Mint Farm Energy Center, Mint Farm 
Generation, LLC 1 6-Month
Flexible Foam Products, Inc., Prudential 
Steel 2 6-Month, 1-Year

Chinook Ventures, Inc., Reynolds Aluminum, 
Reynolds Metals, Longview Aluminum 3 6-Month, 1-Year, 5-Year
Weyerhaeuser Company, Weyerhaeuser 
Plywood Mill 4 6-Month, 1-Year, 5-Year, 10-Year
Longview Substation 5 1-Year
Astro Gasoline, Washington Way Market 6 6-Month
Millers Market 7 5-Year

City of Longview, Part 3 Preliminary Design Report 
Environmental Permitting Page 1
City of Longview, Part 3 Preliminary Design Report 
Environmental Permitting Page 1



Figures 



Longview

West Longview

Longview Heights

4

432

433

38t
h

30
th

Industrial

32nd

Pa
cif

ic

26t
h

42n
d

15
th

Alabama

Washington

Olympia

Beech

17
th

30th

Washington

Beech

Ray Morse ParkRay Morse Park

Columbia RiverColumbia River

Lake SacajaweaLake Sacajawea

DRAFT

Data Source: ESRI 2008

Longview Regional
Water Treatment Plant
Longview, Washington

Vicinity Map
Figure

1

0 0.5 1

Miles

Y:\
Pr

oje
cts

\13
30

09
\M

ap
do

cs
\Fi

g1
.m

xd
 8/

26
/20

09

W a s h i n g t o nW a s h i n g t o n

Longview

Tacoma
Spokane

Everett
Seattle

Project
Location

Project Location



"

"

"

"

"

"

"

"

"

"

"

"

"

"

"

"

"

"

"

"

"

"

"

"

"

"

"

"

"

"

"

"

"

"

"

"

"

"

"

"

"

"

"

"

"

"

Water Line AlignmentWater Line Alignment

W
eber

Water LineWater Line
AlignmentAlignment

Figure 4Figure 4

C
o 

an
d 

C
 R

ai
lro

ad

UV4

32
nd

Industrial

33
rd

P
ru

de
nt

ia
l

Olive

D
or

ot
hy

Memorial Park

Su
sa

n

Hoehne

Maple

Fl
or

en
ce

William

Ti
bb

et
ts

Crocker

Fir

Field
N

eb
ra

sk
a

Florida

Browning

DRAFT

Longview Regional
Water Treatment Plant
Longview, Washington Site Plan

Figure

2

0 700 1,400

Scale in Feet

Y:
\P

ro
je

ct
s\

13
30

09
\M

ap
do

cs
\0

20
\R

ev
is

ed
\F

ig
2-

S
ite

 P
la

n.
m

xd
 2

/1
8/

20
10

 N
A

D
 1

98
3 

S
ta

te
P

la
ne

 W
as

hi
ng

to
n 

So
ut

h 
FI

P
S 

46
02

 F
ee

t

Note
1. Black and white reproduction of this color
    original may reduce its effectiveness and 
    lead to incorrect interpretation.

Data Source: Cowlitz County; ESRI Image Server; Kenedy/Jenks 2009



"

"

"

"

"

"

"

"

"

"

"

"

"

"

"

"

"

"

"

"

"

"

"

"

"

"

"

"

"

"

"

"

"

"

"

"

"

"

"

"

"

"

"

"

"

"

SILT F ENC E

CHAIN
LIN

K F
ENCE

S
IL

T
 F

E
N

C
E

SILT
 F

ENCE

HUBER PARCEL

SHALLOW
 W

ELL-9

TO
P P

VC: 1
3.39

DEEP W
ELL-9

TO
P P

VC: 1
4.37

WATER PUMP/W
ELL

SILT
 FENCE

DECK - 

POSSIB
LE FUTURE 

BUILDIN
G

PROPOSED S. WEBER AVE.

15
'

15 '15 '

10'

10 '

10'

10 '

5'

14'

Well HouseWell House
BuildingBuilding

(typ.)(typ.)

Standby GeneratorStandby Generator
and Fuel Tankand Fuel Tank

BackwashBackwash
Storage TanksStorage Tanks

Filter Pipe GalleryFilter Pipe Gallery
BuildingBuilding

FiltersFilters
(typ.)(typ.)

Future FilterFuture Filter
Expansion AreaExpansion Area

Future FilterFuture Filter
Pipe GalleryPipe Gallery

Building ExpansionBuilding Expansion
AreaArea

Future South Weber AvenueFuture South Weber Avenue

Future Third Backwash StorageFuture Third Backwash Storage
Tank Expansion AreaTank Expansion Area

Office/TreatmentOffice/Treatment
BuildingBuilding DewateringDewatering

GeotubesGeotubes

Paved Access RoadPaved Access Road

Gravel Access RoadGravel Access Road

DRAFT

Data Source: Cowlitz County; ESRI Image Server; Kenedy/Jenks 2009

Longview Regional
Water Treatment Plant
Longview, Washington

Site Plan -
Water Treatment Plant Site

Figure

3

0 120 240

Scale in Feet

Y:
\P

ro
je

ct
s\

13
30

09
\M

ap
do

cs
\0

20
\R

ev
is

ed
\F

ig
3-

Tr
ea

tm
en

tp
la

nt
.m

xd
 2

/1
1/

20
10

 N
A

D
 1

98
3 

S
ta

te
P

la
ne

 W
as

hi
ng

to
n 

So
ut

h 
FI

P
S 

46
02

 F
ee

t

Note
1. Black and white reproduction of this color
    original may reduce its effectiveness and 
    lead to incorrect interpretation.



File Path: J:\Projects\2004\Longview Water Plan\projects\FIG 1-1 Service Areas.mxd, Date: 09 29, 2005, Map Created By: Chris Surbey

188
416

322

544

443

517

322

301

311

522

188
264

244

415

502

395

463

481

531

286

660
318

653

488
506

540

244.5

400

719

1000

780

450

244.5

660

560

540

470

370

605

450

360

860

450 400

425

Columbia

Legend

Map Scale: 1:90,000 / Map Units: Feet

Ë

SkamaniaCowlitz

Clark

Wahkiakum

*This map is for information purposes only.  Data was compiled
 from multiple sources.  The data sources do not guarantee
 these data are accurate or complete.  There may have been
 updates to the data since the publication on this map.  All 
 locations are approximate.

0 2 41 Miles

R iver

Industrial Way

Ocean Beach Highway

3r
d  

A
ve

§̈¦5

Ostrander Rd
C o

al
  C

k 
 R

d

Cl
ar

k C

k 
R

d

Willow Grove Rd

§̈¦5

Vancouver

Longview

City Limits

Kelso Service Area 
Future Service Area

Cowlitz PUD Service Area
Future Service Area

Longview Service Area 
Future Service Area

Kelso Service Area 
Pressure Zone Shading

Cowlitz PUD Service Area
Pressure Zone Shading

Longview Service Area 
Pressure Zone Shading

Longview City Limits

Lo
ng

vi
ew

 
Ci

ty
 L

im
its

Longview City Limits

Kelso
City Limits

KelsoCity Limits

FIGURE 1-1K/J 0498005.00

Service Area Overview

Longview - Kelso
Comprehensive Water Plan

Washington





APPENDIX A

FEMA Floodplain Firmette







950 Pacific Avenue, Suite 515 
Tacoma, WA  98402 

(253) 926-2493 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

March 12, 2010 
 
 
 
 
 

Prepared for 
 

Kennedy/Jenks Consultants 
City of Longview 

Draft Geotechnical Report
Longview Regional Water Treatment Plant

Longview, Washington



3/12/10  P:\133\009\010\FileRm\R\Longview_RWTP_rpt 3-12-10.doc ii DRAFT 

TABLE OF CONTENTS 

Page 

1.0 INTRODUCTION 1-1 
1.1 PROJECT UNDERSTANDING 1-1 
1.2 SCOPE OF SERVICES 1-3 

2.0 EXISTING CONDITIONS 2-1 
2.1 SURFACE CONDITIONS 2-1 
2.2 GEOLOGIC SETTING 2-1 
2.3 FIELD EXPLORATION PROGRAM 2-1 
2.4 SUBSURFACE SOIL CONDITIONS 2-2 
2.5 GROUNDWATER 2-2 

3.0 GEOTECHNICAL CONCLUSIONS AND RECOMMENDATIONS 3-1 
3.1 CORROSION TESTING 3-1 
3.2 EARTHWORK 3-2 

3.2.1 Wet Weather Construction Considerations 3-2 
3.2.2 Site Preparation Activities 3-3 
3.2.3 Subgrade Preparation 3-3 

3.2.3.1 Improvements within 3 ft of Existing Grades 3-3 
3.2.3.2 Improvements Greater Than 3 ft Above Existing Grades 3-4 

3.2.4 Recommended Site Grades 3-5 
3.2.5 Structural Fill 3-5 
3.2.6 Backfill and Compaction Requirements 3-6 
3.2.7 Temporary Slopes 3-6 

3.3 DEWATERING 3-7 
3.4 WATER LINE INSTALLATION 3-8 

3.4.1 Restrained Joints 3-8 
3.4.2 Trenching and Excavation Support 3-8 
3.4.3 Pipe Foundation Support 3-10 
3.4.4 Pipe Bedding and Pipe Zone Backfill 3-10 
3.4.5 Trench Backfill and Compaction Criteria 3-11 
3.4.6 Loads on Pipes 3-11 
3.4.7 Manholes and Vaults 3-12 
3.4.8 Settlement 3-13 
3.4.9 Buoyancy 3-13 
3.4.10 Resistance to Lateral Loads 3-13 

3.5 PAVEMENT DESIGN 3-14 
3.6 SEISMIC DESIGN CONSIDERATIONS 3-15 

3.6.1 Code Based Seismic Design 3-15 
3.6.2 Liquefaction and Lateral Spreading Analysis and Results 3-15 

3.6.2.1 Peak Ground Acceleration and Magnitude for Analysis 3-16 
3.6.2.2 Liquefaction Analysis Results 3-16 
3.6.2.3 Liquefaction-Induced Settlement 3-17 
3.6.2.4 Lateral Spreading 3-18 
3.6.2.5 Interpretation of Results and Mitigation 3-18 

3.7 AT-GRADE BUILDINGS AND PRESSURE FILTER TANKS 3-18 



3/12/10  P:\133\009\010\FileRm\R\Longview_RWTP_rpt 3-12-10.doc iii DRAFT 

3.7.1 Preload Recommendations and Allowable Bearing Capacity 3-19 
3.7.1.1 Pressure Filter Tanks 3-20 

3.7.2 Subgrade Preparation and Settlement 3-20 
3.7.3 Capillary Break 3-21 
3.7.4 Resistance to Lateral Loads 3-21 
3.7.5 Foundation Drainage Considerations 3-22 

3.8 BACKWASH STORAGE TANKS 3-22 
3.8.1 Allowable Bearing Capacity and Ground Improvement 3-23 

3.8.1.1 Performance Criteria for Ground Improvement 3-23 
3.8.1.2 Geopier™ Ground Improvement 3-23 

3.8.2 Lateral Earth Pressures 3-24 
3.8.3 Backfill and Compaction Criteria 3-25 
3.8.4 Uplift Resistance 3-26 

3.9 GENERAL PRELOAD RECOMMENDATIONS 3-26 
3.9.1 Preload Fill Material 3-26 
3.9.2 Settlement Monitoring 3-27 

3.10 PILE FOUNDATION ALTERNATIVE 3-27 
3.10.1 Vertical Axial Capacity 3-28 
3.10.2 Downdrag Loads 3-29 
3.10.3 Deep Foundation Settlement 3-30 
3.10.4 Uplift Capacity 3-31 
3.10.5 Use of These Recommendations for Planning of Other Developments Within the 

Mint Farm Industrial Park 3-31 
3.11 IMPACT OF DEEP FOUNDATIONS ON GROUNDWATER AQUIFER 3-31 

4.0 REVIEW OF DOCUMENTS AND CONSTRUCTION OBSERVATIONS 4-1 

5.0 USE OF THIS REPORT 5-1 

6.0 REFERENCES 6-1 
 
 
 

FIGURES 

Figure Title 

1 Vicinity Map 
2 Site and Exploration Plan 
3 Site and Exploration Plan – Water Treatment Plant Site 
4 Preload Settlement for Mat or Slab-on-Grade Floors 
5 Settlement Plate Detail 
 
 
 

TABLES 

Table Title 

1  Soil Corrosion Analytical Results 
 



3/12/10  P:\133\009\010\FileRm\R\Longview_RWTP_rpt 3-12-10.doc iv DRAFT 

 
APPENDICES 

Appendix Title 

A Field Explorations 
B Laboratory Testing 
C Logs of Previous Explorations 
 



3/12/10  P:\133\009\010\FileRm\R\Longview_RWTP_rpt 3-12-10.doc 1-1 DRAFT 

1.0 INTRODUCTION 

This report summarizes the results of Landau Associates’ geotechnical engineering services 

conducted to support design of the City of Longview’s (City) proposed Longview Regional Water 

Treatment Plant (Longview RWTP) project located in the Mint Farm Industrial Park in Longview, 

Washington.  The purpose of our services was to complete investigations to characterize subsurface soil 

and groundwater conditions at the site and along the new water line alignment, and to develop 

geotechnical conclusions and recommendations to support design of the facility. 

The general project area is shown on the Vicinity Map (Figure 1).  The general configuration of 

the project area, the proposed improvements, and the location of the geotechnical explorations completed 

for this study are shown on the Site and Exploration Plan (Figure 2).  Appendix A presents a description 

of the field explorations and summary logs of conditions observed in our explorations.  Appendix B 

presents a description and results of the laboratory testing program.  Logs of previous explorations 

advanced by others along the proposed water line alignment are provided in Appendix C of this report. 

This report has been prepared based on our discussions with representatives of the City and 

Kennedy/Jenks (project engineer); our review of readily available subsurface information in the project 

area provided by the City; a water treatment plant layout dated November 30, 2009 provided by 

Kennedy/Jenks; data collected during our field exploration program; our familiarity with geologic 

conditions within the vicinity of the project; and our experience on similar projects.   

 

1.1 PROJECT UNDERSTANDING 

The proposed Longview RWTP site will be situated on an approximate 10-acre site located in the 

south central portion of the Mint Farm Industrial Park in Longview, Washington.  Based on drawings 

dated November 30, 2009 provided by Kennedy/Jenks, structures for the proposed Longview RWTP are 

anticipated to consist of two backwash storage tanks (with the potential to add a future backwash storage 

tank to the north), an office treatment building, a filter pipe gallery building (with the potential for 

expansion to the north), and nine pressure filter tanks (with the potential to add additional tanks to the 

north).  The proposed plant layout is shown on Figure 3. 

As currently envisioned, most of the proposed improvements will be constructed near the existing 

site grade.  Depending on the selected foundation support method used for the project, the base of 

backwash storage tanks may be located below existing site grades. 

The combined backwash storage tank (two tanks) is anticipated to be approximately 130 ft long 

by 84 ft wide.  If the third backwash storage tank is added, the size of the combined backwash storage 

tanks would be approximately 130 ft long by 125 ft wide.  It is anticipated that the backwash storage 
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tanks will be supported by a mat foundation underlain by a zone of improved ground.  The bearing 

pressure of the backwash storage tanks is anticipated to vary between about 1,300 and 1,500 pounds per 

square foot (psf).  The backwash storage tank structure is anticipated to be sensitive to liquefaction-

induced settlement. 

The filter pipe gallery building is anticipated to be about 132 ft long by 27 ft wide.  If it is 

expanded, the length of the filter pipe gallery building will increase to approximately 204 ft.  The 

proposed office/treatment building is currently envisioned to be about 84 ft long by 73 ft wide.  It is 

anticipated that both the filter pipe gallery building and office/treatment building will be supported by a 

mat foundation with an average bearing pressure of about 1,000 psf.  These structures are anticipated to 

be mildly settlement sensitive. 

Nine pressure filter tanks (with the potential to add three more) will be constructed to the west of 

the filter pipe gallery.  The filter tanks will be approximately 40 ft long and have a 12-ft diameter.  Each 

tank will be supported by an approximate 10-ft wide by 35-ft long mat foundation with a pedestal on each 

end to support the filter tank.  The bearing pressure of the mat foundation for each filter tank is estimated 

to be between about 1,300 and 1,500 psf.  If these structures are settlement sensitive, ground improvement 

will likely need to be installed under these structures. 

Four water supply wells are planned for the southern portion of the 10-acre site with the 

possibility of adding two additional water supply wells in the future.  A well house, each approximately 

32 ft long and 13 ft wide, will be installed adjacent to the proposed well.  We understand that each well 

house will be supported by a mat foundation with an average bearing pressure of less than 1,000 psf.  An 

asphalt-paved mat will be constructed in the northeastern corner of the property to support three solid 

dewatering geotubes.  We understand that the mat for the solid dewatering geotubes is not settlement 

sensitive.   

Paved access roads and paved parking areas will be constructed around the perimeter of the water 

treatment plant.  Gravel access roads will be provided to each of the proposed well heads, and the area 

around the filter tanks and dewatering geotubes will also be covered in gravel.   

Yard piping will lead from the water wells that will be constructed to the south to the water 

treatment plant.  Treated water from the plant will be conveyed to the east in a 30-inch ductile iron force 

main under the Weber Avenue cul-de-sac towards the Weyerhaeuser railroad right-of-way (ROW).  At 

that point, the force main alignment turns towards the north and travels between the existing mitigation 

wetlands and Weyerhaeuser railroad ROW.  The northern terminus of the 30-inch force main is 

anticipated to be the 20-inch diameter main which is located near the intersection of Olive Way and 

Ocean Beach Highway.  A 12-inch connection will be made from the 30-inch diameter force main into 
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the existing 12-inch pipeline located within Weber Avenue.  A 12-inch stub will also be provided off of 

the 30-inch diameter force main for future water supply to NW Renewables.   

It is anticipated that the invert elevation of the 30-inch diameter force main will be approximately 

6 ft below the existing site grades in order to provide the minimum 3 ft of cover required by the City.  The 

space between the side of the pipe and the trench sidewalls is anticipated to be about 1½ to 2 ft.  

 

1.2 SCOPE OF SERVICES 

Landau Associates was contracted by Kennedy/Jenks to provide geotechnical engineering 

services to support the project.  Our services were provided in accordance with the terms and conditions 

in the Master Services Subcontract Agreement and our 2009 Compensation Schedule.  Our authorized 

scope of services are included as Attachment A of Work Authorization 0997003*00-LA1 dated April 3, 

2009 and Attachment A of Work Authorization 0997003*00LA2 dated August 17, 2009. 

Our scope of services completed for this study included the following specific tasks: 

 Reviewed readily available geologic and geotechnical information in the project vicinity. 

 Advanced three (3) geotechnical borings (B-101 through B-103) to depths of about 79 ft 
below the existing ground surface (BGS) and three (3) cone penetrometer (CPT) soundings 
(CPT-101 through CPT-103) to depths of between 73⅓ to 120¼ ft BGS to characterize 
subsurface soil and groundwater conditions at the Longview RWTP site. 

 Advanced two (2) geotechnical borings (B-9 and B-10) to depths of between 39 and 59 ft 
BGS to characterize subsurface soil and groundwater conditions along the water line 
alignment.   

 Completed geotechnical laboratory testing consisting of natural moisture content 
determinations, fines content determinations, Atterberg limit determinations, and  
one-dimensional consolidation tests on selected soil samples recovered from our borings.   

 Collected and submitted to Analytical Resources, Inc. (ARI) of Tukwila, Washington three 
samples for corrosion testing.   

 Completed geotechnical engineering analyses and developed geotechnical engineering 
conclusions and recommendations to support design. 

 Prepared and submitted this geotechnical report summarizing our field investigations and 
geotechnical engineering conclusions and recommendations for the project.  The report 
includes: 

- a site plan showing the locations of the explorations completed for this investigation 

- descriptive summary logs of the conditions encountered in the explorations completed for 
this study 

- a summary of surface and subsurface conditions observed in the project area 

- results of corrosion testing of selected samples obtained from our borings 

- recommendations for site earthwork including: wet weather construction considerations, 
site preparation activities, subgrade parathion, and fill placement and compaction criteria 
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- recommendations for construction dewatering 

- recommendations for underground utilities including: trenching and excavation support, 
pipe foundation support, pipe bedding and initial backfill, trench backfill and compaction 
criteria, loads on pipes, manholes, settlement, buoyancy, and resistance to lateral loads 

- recommendations for site paving 

- seismic design criteria including an evaluation of the liquefaction and lateral spreading 
potential at the site and seismic design parameters per the 2009 IBC 

- recommendations for foundation support for at-grade structures including: preloading and 
maximum allowable bearing pressure, foundation subgrade preparation and settlement, 
recommendations for capillary breaks, resistance to lateral loads, and foundation drainage 
considerations 

- recommendations for the backwash storage tanks including: foundation ground 
improvement, allowable bearing capacity, lateral earth pressures for below-grade walls, 
wall backfill and compaction criteria, and uplift resistance  

- recommendations for preload embankments and settlement monitoring 

- conceptual recommendations for deep foundations support including: pile type(s), 
recommended tip elevations, allowable axial capacity, downdrag loads, settlement, and 
uplift 

- discussion of the impacts of deep foundations on groundwater contamination of deep 
aquifer and recommendations for development of a hydrogeological report and pollution 
prevention plan. 
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2.0 EXISTING CONDITIONS 

This section provides a discussion of the general surface conditions, geologic setting, and 

subsurface conditions observed at the proposed Longview RWTP site at the time of our investigation.  

Interpretations of the site conditions are based on the results of our review of available information, site 

reconnaissance, subsurface explorations, and laboratory testing. 

 

2.1 SURFACE CONDITIONS 

The proposed Longview RWTP will be located in the northern portion of an approximate 10-acre 

site located in the south central portion of the Mint Farm Industrial Park in Longview, Washington.  

Within this portion of the site, the ground surface elevation varies from between Elevation 4 and 12 ft 

(project datum).  Drinking water wells will be located in the southern portion of this property.  The 

property is bounded by the former JM Huber property and Industrial Way to the southwest, Solvay 

Chemical to the west and northwest, the future Weber Avenue South extension and undeveloped property 

to the north, and undeveloped property to the east and southeast.  The proposed Longview RWTP site is 

currently undeveloped and covered with grass.  The site was formerly utilized for agricultural purposes.   

 

2.2 GEOLOGIC SETTING 

Geologic information for the project area was obtained from the Geologic Map of the Mount St. 

Helens Quadrangle, Washington and Oregon (Phillips 1987), published by the Washington State 

Department of Natural Resources.  According to the above-referenced geologic map, near-surface 

deposits in the project area are mapped as alluvium.  Deposits defined as alluvium typically consist of 

younger, unconsolidated, stratified units of silt, sand, and gravel.  In some areas, alluvium may contain 

interbeds of peat and organic silt.  The site is located near the confluence of the Columbia and Cowlitz 

Rivers and the alluvium was likely transported and deposited by both rivers.  The alluvial unit is typically 

very soft/loose to stiff/medium dense, has low to moderate shear strength, and depending on its 

composition, can be moderately compressible.  At the Longview RWTP site, alluvial deposits consist 

primarily of fine-grained silts with abundant organics and varying plasticity.  Elsewhere in the Mint Farm 

Industrial Park site, coarse-grained alluvial deposits are more prevalent.   

 

2.3 FIELD EXPLORATION PROGRAM 

Soil and groundwater conditions at the proposed Longview RWTP site and water line alignment 

were explored on May 8, 2009 and between August 12 and 18, 2009.  The exploration program consisted 
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of advancing five (5) exploratory borings (B-9, B-10, and B-101 through B-103) and three (3) cone 

penetrometer test (CPT) soundings (CPT-101 through CPT-103) at the approximate locations illustrated 

on the Site and Exploration Plan (Figures 2 and 3).  The borings were advanced to a depth of between 39 

and 79 ft BGS with a truck or track-mounted drill rig and the mud rotary drilling technique.  The CPT 

soundings were advanced utilizing track-mounted CPT equipment.  The CPT soundings were advanced to 

depths of between 73⅓ to 120¼ ft BGS.  A detailed discussion of the field exploration program, together 

with edited logs of the exploratory borings, is presented in Appendix A.  A discussion of the geotechnical 

laboratory testing, together with the lab results, is presented in Appendix B. 

 

2.4 SUBSURFACE SOIL CONDITIONS 

Based on the conditions observed in our explorations, the predominant soil unit at the Longview 

RWTP site is alluvium.  A thin layer of volcanic ash is present below about 66 ft BGS.  Fill consisting of 

medium dense, wet, silty sand with roots and trace gravel was encountered below the surficial topsoil 

layer to a depth of about 5½ ft BGS at the location of boring B-103.   

Alluvium at the site consists of interbedded and interfingered deposits of soft to stiff, sandy to 

very sandy silt, silt, clayey silt, and silty clay.  Organics and wood fragments were observed in the 

borings completed for this study.  In general, the alluvium encountered above the volcanic ash was more 

plastic and more compressible than the alluvial deposits encountered below the volcanic ash layer.  

Occasional interbeds of sand with silt to trace silt or silty to very silty sand were encountered in our 

explorations.  The coarse-grained alluvial deposits were observed to be very loose to medium dense.  The 

alluvium was generally observed to be wet.   

What is interpreted to be volcanic ash was encountered in each of the explorations completed at 

the Longview RWTP site except for CPT-102.  Volcanic wash was encountered from between 66 ft BGS 

throughout the depths explored (79 ft BGS) in boring B-101, between 66 and 69½ ft BGS in boring  

B-102, and between 67 and 77 ft BGS in boring B-103.  Volcanic ash is interpreted to be present in 

sounding CPT-101 from between 64 and 66½ ft BGS and between 67 and 73⅓ ft BGS in sounding  

CPT-103.  The volcanic ash was observed and is interpreted to consist of very stiff to hard silt.   

 

2.5 GROUNDWATER 

Due to the method of field explorations (mud rotary borings and CPT soundings), a reliable 

measurement of site groundwater levels could not be determined at the specific locations of our borings.  

Kennedy/Jenks installed a monitoring well (SW-9) in the southern portion of the Longview RWTP 

property to measure the groundwater level in the near-surface (shallow) aquifer.  The base of this 
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monitoring well was installed to approximately 56 ft BGS.  The groundwater level in this monitoring well 

was observed to be at about elevation 6¼ ft (project datum) on August 27, 2009.  Excavations for test pits 

advanced by others in the Mint Farm Industrial Park encountered groundwater seepage at depths ranging 

from about 4 to 6 ft BGS (Hart Crowser 2003).  During extended periods of wet weather, it is likely the 

groundwater level could rise to near the existing ground surface.  

It should be noted that the groundwater conditions reported above are for the specific locations 

and dates indicated, and therefore may not necessarily be indicative of other locations and/or times.  

Furthermore, it is anticipated that groundwater conditions will vary depending on local subsurface 

conditions, the weather, and other factors.  Shallow groundwater levels in the project area are expected to 

fluctuate seasonally, with maximum groundwater levels generally occurring during the winter and early 

spring months. 
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3.0 GEOTECHNICAL CONCLUSIONS AND RECOMMENDATIONS 

Based on the conditions observed in the explorations completed for this study, construction of the 

proposed Longview RWTP is feasible using conventional construction techniques.  The results of our 

corrosion testing and recommendations for earthwork, construction dewatering, underground utilities, and 

pavement design are provided in Sections 3.1 through 3.5 of this report. 

Our liquefaction analysis, which is described in Section 3.6 of this report, indicates there is a 

potential for liquefaction and liquefaction-induced settlement at the Longview RWTP site.  Our analysis 

indicated that at-grade structures (without ground improvement or deep foundations) and utilities could be 

subjected to between 3 and 4 inches with differential settlements on the order of 1 inch per 100 ft. 

If the City is willing to accept the consequences of liquefaction induced total and differential 

settlement, the proposed improvements could be constructed at grade with mat foundations.  If the 

structures are unable to tolerate the total and differential settlement described above, ground improvement 

(i.e., Geopiers™, stone columns, or deep soil mixing) or deep foundations will be required.   

If the structures are constructed near existing grades without deep foundations, preloading will be 

required.  The preload period is estimated to be between three and nine months.  The preload would have 

the benefit of increasing the shear strength of the near-surface soil and reducing the post-construction 

total and differential settlement.  Alternatively, the proposed structures could be supported by deep 

foundations.  Recommendations for foundation support of the proposed improvements are provided in 

Sections 3.7 through 3.10 of this report.  A discussion of the potential impact of deep foundations serving 

as a conduit of environmental contamination of the deep groundwater aquifer is presented in Section 3.11 

of this report.  Section 3.11 also includes recommendations for development of a hydrogeological report 

and pollution prevention plan. 

 

3.1 CORROSION TESTING 

Representative soil samples from the soil borings were subjected to a suite of tests to estimate the 

corrosive potential of the near-surface soils.  Analytical Resources, Inc. (ARI) of Tukwila, Washington 

completed the corrosion testing under subcontract to Landau Associates.  Corrosion testing included the 

determination of Minimum Resistivity, pH, Redox Potential, Total Preserved Solids, and Sulfide Content.  

The test results are summarized in Table 1.  The ARI test result report is included in Appendix B of this 

report.  The results of the corrosion tests can be utilized by the design team to assist with material 

selection decisions for the proposed improvements. 
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3.2 EARTHWORK 

Earthwork to accommodate the proposed improvements is expected to consist of clearing existing 

vegetation; removal of existing improvements (if any); placement and compaction of fill to establish 

planned site grades; excavation for the backwash tanks; subgrade preparation for foundations, floor slabs, 

and pavement; and placement and compaction of backfill.  Recommendations for temporary construction 

slopes are provided in Section 3.2.7 of this report.   

 

3.2.1 WET WEATHER CONSTRUCTION CONSIDERATIONS 

Earthwork-related construction will be influenced by weather conditions.  The existing soil at the 

site predominately consists of silt and silty sand and is extremely moisture sensitive.  Consequently, site 

grading activities using moisture-sensitive soil will likely need to be completed during the relatively 

warmer and drier period between about mid-summer to early fall (typically about July through mid-

October).  Completing these activities outside of this normal construction window could lead to a 

significant increase in construction costs due to weather-related delays, repair of disturbed areas, and the 

increased use of “all-weather” import fill materials. 

Because of the moisture sensitivity, unprotected site soil, in either a compacted or uncompacted 

state, can degrade quickly to a slurry-like consistency in the presence of water and construction traffic.  If 

the subgrade or fill soil becomes loosened or disturbed, additional excavation to expose undisturbed soil 

and replacement with properly compacted structural fill will be required.  For wet weather construction, 

the contractor may reduce the potential for disturbance of subgrades by the following: 

 Protecting exposed subgrades from disturbance by construction activities by constructing 
gravel working mats 

 Using a trackhoe with a smooth-bladed bucket to limit disturbance of the subgrade during 
excavation 

 Suspending earthwork and other construction activities that may damage subgrades during 
rainy days 

 Limiting and/or prohibiting construction traffic over unprotected soil 

 Sloping excavated surfaces to promote runoff 

 Sealing the exposed surface by rolling with a smooth drum compactor or rubber-tire roller at 
the end of each working day and removing wet surface soil prior to commencing filling each 
day. 
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3.2.2 SITE PREPARATION ACTIVITIES  

Low-lying grass should be mowed to near the existing ground surface.  Mowed grass should be 

removed from the project site.  If site grades allow, the root and topsoil mat should be left in place since 

the underlying near-surface soils will generally be unable to provide a firm, non-yielding surface for 

construction equipment.  The root and topsoil mat should provide some subgrade support for equipment 

traffic and subsequent fill placement.  In addition, we recommend that all earth moving construction 

equipment (excavators, hauling trucks, dozers, etc.) operating on the exposed native subgrade be  

low-ground pressure equipment.  All incidental excavations associated with the removal of the existing 

improvements should be backfilled in accordance with the recommendations in Section 3.2.6 of this 

report.   

 

3.2.3 SUBGRADE PREPARATION 

The near-surface soil is very soft and will provide very poor support of the proposed 

improvements.  Therefore, we recommend that all improvements (i.e., roadways or structures) be 

underlain by a minimum 3-ft thick layer of properly compacted structural fill, placed in accordance with 

Section 3.2.5 of this report.  At the time this report was prepared, the proposed final site grades have not 

been established.  The following sections of this report provide recommendations for subgrade 

preparation if the improvements will be located within 3 ft of the existing grades or greater than 3 ft of the 

existing grades.   

 

3.2.3.1 Improvements within 3 ft of Existing Grades 

If the proposed improvements will be situated within 3 ft of existing grades, removal of the  

near-surface topsoil mat and excavation below the existing ground surface will be necessary to provide at 

least 3 ft of structural fill beneath foundations.  A tracked, heavy-duty, hydraulic excavator should be able 

to excavate to the subgrade elevation without difficulty.  Wood debris and logs are often encountered in 

alluvial deposits.  In boring B-2, advanced at the previously considered water treatment plant location 

(south of the electrical substation located between Memorial Park Drive and Crocker Avenue), an 

approximate 2-ft diameter log was encountered.  The contractor should be prepared to handle such 

oversize material if it is encountered during subgrade preparation or other earthwork activities.  Upon 

reaching the subgrade elevation, we recommend that a “smooth-bladed” bucket or similar piece of 

equipment be used to clean the subgrade of loose and/or disturbed soil.  The excavator and all other earth 

moving construction equipment should work from outside the excavation area. 
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Normally, the exposed subgrade soil would be scarified to a depth of about 9 to 12 inches, 

moisture-conditioned to near optimum moisture, and recompacted to provide a firm base to support fill 

required to establish foundation subgrade elevations.  Because of the expected relatively high natural 

moisture content of the subgrade soil and its susceptibility to disturbance, moisture conditioning and 

recompacting of the exposed subgrade will be impractical.   

 Upon reaching 3 ft below the base of the proposed improvements, a qualified geotechnical 

engineer should identify areas that are loose and/or disturbed.  In these areas, a 6- to 12-inch thick layer of 

quarry spalls should be placed on the base of the overexcavation.  The quarry spalls should consist of 

broken stone meeting the requirements for Quarry Spalls in Section 9-13.6 of the 2010 WSDOT Standard 

Specifications for Road, Bridge, and Municipal Construction (2010 WSDOT Standard Specifications; 

WSDOT 2010).  The quarry spalls should be pushed into the native subgrade by wheel rolling with a 

vibratory roller without the use of vibration.  Alternatively, they could be pushed into the native subgrade 

soils with the back of the backhoe bucket.   

Prior to placing import structural fill to reestablish the site grades, a woven geotextile meeting the 

requirements for soil stabilization in Table 3 in Section 9-33.2 of the 2010 WSDOT Standard 

Specifications should be placed on the exposed subgrade.  The geotextile should be placed in all areas 

where site grades are lowered.  The geotextile should be sewn together in accordance with the 

requirements in Section 9-33.1 of the 2010 WSDOT Standard Specifications.  The initial lift of fill over 

the geotextile should be a minimum of 12 inches thick.  Turning of construction vehicles over the first lift 

of prepared fill should be avoided.  Under no circumstances should construction equipment be allowed on 

the geotextile fabric before placement of the initial lift of structural fill. 

Fill located within 2 ft of the exposed subgrade should be compacted using a smooth drum 

vibratory roller without the use of vibration.  To prevent damaging the subgrade, we recommend against 

using wheel-rolling or the use of vibratory rollers (with vibration) as a means of compaction.  Fill located 

greater than 2 ft above the native material could be compacted using vibratory equipment, provided it 

does not lead to pumping of the subgrade.  The import fill material needed to reestablish site grades 

should meet the requirements in Section 3.2.5 of this report and be compacted in accordance with Section 

3.2.6 of this report.  Compaction and moisture control tests should be done in accordance with Section  

2-03.3(14)D of the 2010 WSDOT Standard Specifications.  Alternatively, the maximum dry density may 

be determined using American Society for Testing and Materials (ASTM) Method D1557. 

 

3.2.3.2 Improvements Greater Than 3 ft Above Existing Grades 

If the proposed improvements are located greater than 3 ft above the existing site grades, removal 

of the existing topsoil mat will not be necessary, unless the soil underneath the topsoil mat is extremely 
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soft.  If the topsoil mat is extremely soft, the topsoil mat should be removed.  After removal of the topsoil 

mat, a 6- to 12-inch thick layer of quarry spalls should be placed on the base of the exposed subgrade.  

The quarry spalls should consist of broken stone meeting the requirements for Quarry Spalls in Section  

9-13.6 of the 2010 WSDOT Standard Specifications for Road, Bridge, and Municipal Construction (2010 

WSDOT Standard Specifications; WSDOT 2010).  The quarry spalls should be pushed into the native 

subgrade by wheel rolling with a vibratory roller without the use of vibration.  Alternatively, they could 

be pushed into the native subgrade soils with the back of the backhoe bucket.   

A geotextile fabric should be placed on top of the topsoil mat (or quarry spalls) in all areas which 

will receive improvements (i.e., roadways, parking lots, and buildings).  Establishment of final site grades 

should proceed as previously described.  We recommend that a qualified geotechnical engineer evaluate 

whether the topsoil mat should be removed. 

 

3.2.4 RECOMMENDED SITE GRADES 

As discussed in the previous section of this report, all improvements (i.e., roadways or structures) 

should be underlain by a minimum of 3 ft of structural fill.  In addition, the foundation subgrade 

elevations for all buildings should be embedded at least 18 inches below the lowest adjacent site grades 

(see Section 3.7) of this report.  If the site grades are to remain at their current elevation, excavations on 

the order of 5 ft will be needed in order to properly prepare the foundation subgrade and to provide the 

recommended embedment depth.  As described in Section 2.5 of this report, groundwater in the near-

surface (shallow) aquifer is located within 4 to 6 ft of existing site grades throughout the Mint Farm area.  

During the winter and early spring months, groundwater is expected to be even higher.  If the site is left 

near its existing grade, we anticipate that construction dewatering will be required in order to prepare the 

site grades and to ensure the proper foundation embedment.  Recommendations for construction 

dewatering are provided in Section 3.3 of this report.  Also, we anticipate more extensive foundation 

subgrade techniques (as described in Section 3.2.3) will be needed if the site grades are left at their 

existing elevation.  For these reasons, we recommend that the site grades be raised to accommodate the 

recommended 3 ft of import structural fill underneath all improvements.   

 

3.2.5 STRUCTURAL FILL 

Structural fill is defined as fill placed to support foundations, floors slabs, and pavement areas.  

The suitability of excavated soil or imported soil for use as structural fill will depend on the gradation and 

moisture content of the soil when it is placed.  As the amount of fines increases, the soil becomes 

increasingly sensitive to small changes in moisture content and adequate compaction becomes more 
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difficult to achieve.  Soil containing more than about 5 percent fines (material passing the U.S. Standard 

No. 200 sieve by weight) cannot consistently be compacted to a dense, non-yielding condition when the 

water content is greater than about 2 to 3 percent above optimum moisture content.  Optimum moisture 

content is the moisture content at which the greatest compacted dry density can be achieved. 

Based on the results of our explorations, the near-surface soil at the site is fine-grained (i.e., sandy 

to very sandy silt, silt, clayey silt, and clay) and is well above the optimum moisture content and will not 

be suitable for use as structural fill.  Excavated, near-surface soil should be wasted at an approved offsite 

location or reused in landscape areas.   

Import structural fill will be required.  For warm, dry weather conditions (generally July through 

late September), import structural fill should consist of Select Borrow meeting the requirements in 

Section 9-03.14(2) of the 2010 WSDOT Standard Specifications.  The import structural fill should 

contain no clay balls, roots, organic matter or other deleterious materials. If wet weather construction is 

anticipated, the amount of fines should not exceed 5 percent based on the minus ¾-inch fraction. 

 

3.2.6 BACKFILL AND COMPACTION REQUIREMENTS 

Structural fill located within 2 ft of the native subgrade should be placed in 12-inch lifts and 

compacted to 90 percent of the maximum dry density using a smooth drum vibratory roller without the 

use of the drum vibrator or small hand-operated compacted equipment.  Structural fill located more than 2 

ft above the native subgrade surface should be placed and compacted in to 95 percent of the maximum 

dry density in accordance with Section 2-03.3(14)C, Method C of the 2010 WSDOT Standard 

Specifications.  Compaction and moisture control tests should be done in accordance with Section  

2-03.3(14)D of the 2010 WSDOT Standard Specifications.  Alternatively, the maximum dry density may 

be determined using American Society for Testing and Materials (ASTM) Method D1557.   

 

3.2.7 TEMPORARY SLOPES 

Temporary slopes will be required to construct the proposed underground tanks at the site.  Due 

to the presence of low strength alluvium, temporary slopes will need to be configured at 2H:1V or flatter.  

If space is limited, temporary shoring may be required.  Temporary shoring should be designed by the 

contractor.  Recommended soil parameters for contractor-designed shoring are provided in Section 3.4.2 

of this report.  

Temporary excavation slopes should be the sole responsibility of the contractor.  All local, state, 

and federal safety codes should be followed.  The contractor should monitor all temporary cuts during 
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excavation for any evidence of instability.  If instability is detected, the contractor should flatten the 

temporary excavation slopes or install temporary shoring. 

Temporary excavation slopes should be protected by covering with plastic sheeting, straw, or 

other means to prevent erosion.  The contractor should implement measures to prevent surface water 

runoff from entering excavations. 

 

3.3 DEWATERING 

Construction of the proposed backwash storage tanks and underground utilities will need to be 

completed in the dry.  Therefore, dewatering will be required to maintain groundwater levels at least 2 ft 

below the bottom of the excavations.  Excavations for underground utilities are expected to be less than 

about 8 ft (accounting for any necessary overexcavation of unsuitable foundation soil).  For summertime 

construction, maximum drawdowns of about 4 to 6 ft will be required to maintain groundwater levels at 

least 2 ft below the utility trench excavation.  During the winter, maximum drawdowns may be as much 

as 10 ft.   

If the backwash storage tanks are constructed at-grade, excavations for the backwash storage 

tanks will likely be less than 10 ft.  For summertime construction, maximum drawdowns of between 6 

and 8 ft will be required to maintain groundwater levels at least 2 ft below the base of the excavation.  

During the winter, maximum drawdowns at the backwash storage tanks may be as high as 12 ft.  

Near the location of the water treatment plant, the soil that is to be dewatered is anticipated to 

primarily consist of sandy to very sandy silt and clayey silt with sand to trace sand.  Scattered interbeds of 

sand with variable silt content are also likely present at this location.  Based on conditions observed by 

others and in boring B-9 (advanced adjacent to the existing cell phone tower) in the northeast corner of 

the Mint Farm site, soil consisting of sand with variable silt content may be more prevalent along the 

alignment of the proposed water transmission line. 

Construction dewatering is typically the contractor’s responsibility.  Applicable methods of 

dewatering for this project include open sump pumping in areas where groundwater seepage into the 

trench is minor or well points and vacuum-eductor well points where significant groundwater seepage is 

encountered.  It is our opinion that the contractor should be responsible for the design, installation, 

monitoring, and maintenance of all required temporary excavation dewatering systems.  The dewatering 

plan should be prepared by a qualified professional engineer or registered hydrogeologist.  The 

dewatering plan should be submitted to the City for approval prior to implementation. 

Typically at sites underlain by soft soils similar to the subject site, dewatering can lead to 

settlement of the ground surface and adjacent structures due to an increase in effective stress on soils.  

Assuming up to 12 ft of drawdown and dewatering duration of several months, we estimate that up to 3 
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inches of consolidation settlement could occur in the immediate vicinity of the Longview RWTP site.  

The drawdown required for the water transmission lines is anticipated to be less than about 6 to 8 ft 

(assuming summertime construction) and the duration of dewatering will likely be less than several 

weeks.  Consequently, it is anticipated that dewatering-induced settlement along the water transmission 

lines will likely be minimal. 

The extent of dewatering-induced settlement is dependent on the amount of drawdown, the 

duration of the dewatering, the dewatering system employed by the contractor, the composition of the 

near-surface soil, and other factors.  Accordingly, the actual amount of ground subsidence will be 

different than what is estimated above.  Dewatering-induced settlement should be further evaluated during 

the final design phase. 

 

3.4 WATER LINE INSTALLATION 

The following sections provide geotechnical recommendations for design of the new water 

transmission line and yard piping.  We understand that the invert of the 30-inch diameter water 

transmission pipeline will be situated approximately 6 ft BGS and that no trenchless crossings will be 

needed.  If trenchless crossings will be utilized for the project, additional explorations and engineering 

analysis may be necessary. 

Recommendations include trenching and excavation support, pipe foundation support, pipe 

bedding and initial backfill, trench backfill and compaction criteria, loads on pipes, manholes, settlement, 

buoyancy, and resistance to lateral loads.  Given the shallow groundwater depths, dewatering will likely 

be necessary.  Recommendations for construction dewatering are included in Section 3.3 of this report.   

 

3.4.1 RESTRAINED JOINTS 

Water transmission lines should be fitted with restrained joints due to the possibility of large 

differential settlement potentially caused by liquefaction and/or consolidation of the underlying 

compressible soils. 

 

3.4.2 TRENCHING AND EXCAVATION SUPPORT 

It is anticipated that excavation for the new water transmission line will be in very soft to medium 

stiff silt or loose to medium dense sand.  A hydraulic excavator with sufficient reach should be able to 

excavate the proposed trenches to the planned depths.  As described previously in Section 3.2.3,  

large-diameter logs should be anticipated throughout the Mint Farm area.  The contractor should be 

prepared to handle and dispose of such material.  Upon reaching the trench bottom, we recommend that a 
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“smooth-bladed” bucket be used to clean the trench bottom of loose and/or disturbed soil.  The final 

trench bottom should be firm and free of loose and disturbed soil.   

Trench excavation should conform to the requirements of Section 7-09.3(7) of the 2010 WSDOT 

Standard Specifications.  Actual trench configurations and maintenance of safe working conditions, 

including temporary excavation stability, should be the responsibility of the contractor.  All applicable 

local, state, and federal safety codes should be followed.  Temporary excavations in excess of 4 ft should 

either be shored or sloped in accordance with Safety Standards for Construction Work, Part N, located in 

Chapter 296-155 of the Washington Administrative Code (WAC).  Assuming a fully dewatered trench, 

the alluvial deposits encountered within the trench zone would be classified as a Type C soil per Chapter 

296-155 of the WAC.  The prescriptive maximum allowable excavation slope for Type C soils is 1½H:1V 

(horizontal to vertical).  If groundwater seepage is present, flatter slopes, temporary shoring, and/or 

additional dewatering may be required. 

Trench boxes should provide adequate support for shallow excavations, provided the trench is 

properly dewatered and settlement-sensitive structures and utilities are not situated immediately adjacent 

to the excavation.  Trench boxes should meet the requirements in Safety Standards for Construction 

Work, Part N, located in Chapter 296-155 of the WAC and Section 7-08.3(1)B of the 2010 WSDOT 

Standard Specifications.  

Where a trench box is used to support excavations, one or both sides of the trench may cave 

against the box, especially if granular soil is present.  The caving may extend out on either side of the 

trench for a distance approximately equal to the depth of the excavation.  Caving can be reduced by 

routing surface water runoff away from the excavation and limiting vehicular traffic or vibration near the 

trench.  When the trench box is moved, precautions should be taken to minimize disturbance of the pipe 

and surrounding soil. 

Bracing or sheeting may be required where the edge of the trench will be closer than 1.5 times the 

trench depth to settlement-sensitive utilities or structures or along the alignment of the train tracks on the 

eastern side of the Mint Farm Industrial Park.  If bracing is needed to support the trench walls, the 

temporary bracing system should be designed by a structural engineer licensed in the State of 

Washington.  Temporary shoring typically consists of steel plates with internal bracing.  Surcharge loads 

on trench support systems due to construction equipment, trains, stockpiled material, and vehicle traffic 

should be included in the design.  A properly designed shoring system will have the benefit of reducing 

potential settlements of adjacent facilities (e.g., utilities and structures).  The temporary shoring design 

should be submitted to the City for approval prior to installation.   

The soil parameters in the table below may be used for design of temporary shoring.  The 

parameters utilized in the shoring design will be dependent on the dewatering technique selected by the 
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contractor and the subsurface conditions [sand or non-plastic silt (drained soils) versus plastic silt or clay 

(undrained soils)] at the particular location.  The contractor should check their design for both drained and 

undrained conditions.   

 

RECOMMENDED SOIL PARAMETERS FOR DESIGN OF TEMPORARY SHORING 

 
 Recommended Design Value 

Parameter Sand and Non-Plastic Silt Plastic Silt or Clay 

Moist Unit Weight (pcf) 115 110 
Bouyant Unit Weight (pcf) 53 48 

Cohesion (psf) - 250 
Internal Angle of Friction (degrees) 31 - 

 

3.4.3 PIPE FOUNDATION SUPPORT 

Based on conditions observed at the exploration locations, soil at planned trench depths is 

anticipated to consist primarily of very soft to medium stiff silt or loose to medium dense sand.  These 

soil types will provide poor foundation support of the proposed underground utilities.  To provide 

adequate foundation support of the pipe, we recommend that the trench bottom be overexcavated to a 

depth of 1 ft below the base of the pipe bedding and be backfilled with foundation material.   

Removal and replacement of unsuitable foundation material should be in accordance with Section 

7-09.3(8) of the 2010 WSDOT Standard Specifications.  The overexcavation should be backfilled with 

suitable foundation material to provide a firm trench bottom.  Foundation material should meet the 

requirements for Class A Foundation Material in Section 9-03.17 of the 2010 WSDOT Standard 

Specifications, and should be thoroughly compacted by tamping with the excavator bucket to provide a 

firm trench bottom.  A woven geotextile, meeting the requirements for Soil Separation in Table 3 in 

Section 9-33 of the 2010 WSDOT Standard Specifications, should be placed in the bottom of the trench 

prior to placement of the foundation material to provide separation between the trench bottom and the 

foundation material.  The geotextile should extend up the sides of the trench so that the foundation 

material can be encased within the geotextile, forming a “pillow” to lay the pipe on.  The pipe should be 

bedded as recommended in Section 3.4.4 of this report. 

 

3.4.4 PIPE BEDDING AND PIPE ZONE BACKFILL 

To provide uniform support of buried water lines, the buried water lines should be bedded in 

accordance with the Cities of Kelso/Longview Plan SS-240.  Plan SS-240 requires that pipe bedding and 

pipe zone backfill consist of Crushed Surfacing Top Course meeting the requirements of Section 9-
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03.9(3) of the 2010 WSDOT Standard Specifications.  Pipe bedding material should extend at least 6 

inches below the base of the pipe.   

Pipe bedding material and pipe zone backfill should be brought up evenly around the pipe in 

relatively horizontal lifts not exceeding 6 inches, and worked under the haunches of the pipe by slicing 

with a shovel, vibration, or other approved procedures.  Pipe bedding and pipe zone backfill should be 

compacted to at least 95 percent of the maximum dry density determined in accordance with Section  

2-03.3(14)D of the 2010 WSDOT Standard Specifications.  Alternatively, the maximum dry density may 

also be determined by the ASTM D1557 test procedure.  Hand operated compaction equipment should be 

utilized to compact the pipe bedding and pipe zone backfill material. 

 

3.4.5 TRENCH BACKFILL AND COMPACTION CRITERIA 

The onsite soil is not suitable for use as trench backfill and should be wasted at an approved  

off-site location.  Trench backfill material should consist of Crushed Surfacing Top Course (CSTC) 

meeting the requirements in Section 9-03.9(3) of the 2010 WSDOT Standard Specifications.  Trench 

backfill should be placed in accordance with Section 7-09.3(10) of the 2010 WSDOT Standard 

Specifications.  In improved areas, such as beneath pavement, trench backfill should be compacted in 

accordance with Section 7-09.3(11) of the 2010 WSDOT Standard Specifications.  Outside of improved 

areas, trench backfill should be compacted to between 80 and 95 percent of the maximum dry density.  

Flooding and/or jetting of backfill should not be used as a means to consolidate or compact trench 

backfill.  Hand-operated compaction equipment, or other approved methods, should be used to compact 

the first 18 inches of trench backfill above the pipe.   

 

3.4.6 LOADS ON PIPES 

The soil load that will be imposed on a buried pipe is dependent on soil and groundwater 

conditions, the type of pipe, the width of the trench, height of bedding material around the pipe, the depth 

of cover over the pipe, the method of pipe placement, and backfill conditions.  We recommend assuming 

that the embankment condition will govern the soil load on the pipe.  The embankment soil load, 

WP (lbs/ft), acting on the pipe can be computed using the relationship (McGrath 1998): 

WSP = 1.4*S*H*BC 

Where  S  =  Soil unit weight in pounds per cubic ft 
 125 lbs per ft3 (pcf) for import backfill compacted to at least 95 percent of the 

maximum dry density 
 H  = Depth to top of pipe, in ft 
 BC  = Outside pipe diameter, in ft  
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Consideration should also be given to the effect of traffic loading on the pipe in those areas where 

the pipe will be installed beneath pavements.  The live load, WL (lbs/in), acting on a buried pipe from a 

truck (HS-20) crossing over the pipe can be computed using the relationship (AASHTO 2002): 

 

WL = 125*IF*D/[(1.67+1.75*z)(0.83+1.75*z)] 

 

Where  D  =  Pipe diameter in inches 
z  =  Depth to top of pipe in ft 
IF  =  Impact factor: 
    =  1.3 for z ≤ 1 ft 
    =  1.2 for 1 ft < z ≤ 2 ft 
    =  1.1 for 2 ft < z ≤ 3 ft 
    =  1.0 for z > 3 ft 

 

Trench widths are expected to be generally less than two pipe diameters.  The modulus of soil 

reaction (E') of the trench walls will generally control pipe deflections computed using the Iowa Formula.  

Assuming good compaction of side fills around the pipe and very loose to medium dense/very soft to 

medium stiff alluvial deposits composing the trench walls, we recommend using an E' value of 500 psi. 

 

3.4.7 MANHOLES AND VAULTS 

Below-grade structures, such as manholes or vaults, should be designed to withstand a lateral 

earth pressure equivalent to that exerted by a fluid having a density of 95 pounds per cubic foot (pcf).  To 

provide uniform support, the manhole or vault should be placed on at least 2 ft of Class A Foundation 

Material, as described in Section 9-03.17 of the 2010 WSDOT Standard Specifications.  The base of the 

excavation should be compacted to provide a firm and unyielding surface. 

Installation of manholes or vaults should be in accordance with the requirements of Section        

7-05.3 of the 2010 WSDOT Standard Specifications.  If the excavation bottom becomes disturbed, the 

disturbed soil should be removed and replaced with Class A Foundation Material as specified above.  

Backfilling around manholes and vaults should be in accordance with the requirements of Section           

2-09.3(1)E of the 2010 WSDOT Standard Specifications.  Backfill should meet the requirements 

provided in Section 3.2.5 of this report.  Backfill should be compacted as recommended in Section 3.2.6 

of this report. 

Manholes and vaults may be subjected to uplift forces.  Recommendations for resistance to uplift 

forces are provided in Section 3.8.4 of this report. 
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3.4.8 SETTLEMENT 

The alluvium encountered along the project alignment is expected to have a moist unit weight of 

between about 95 and 115 pounds per cubic foot (pcf).  Import trench backfill will likely have a moist 

unit weight of about 120 to 130 pcf.  Consequently, replacement of the native soil with import trench 

backfill will lead to post-construction settlement of the pipelines.  For an 8-ft deep excavation, we 

estimate that up to 1 inch of total settlement could occur after the trench is backfilled.  Differential 

settlement between manholes could be as high as the total settlement.  For a shallower excavation or if the 

subgrade soil contains an appreciable amount of non-plastic silts and sands, the settlement would be less 

than that estimated above.  It is estimated that about 90 percent of the settlement will occur within 1 

month after backfilling the trench. 

 

3.4.9 BUOYANCY 

Assuming that the pipeline weighs less than the soil it displaces, the buried pipeline could 

experience upward buoyancy when groundwater levels are higher than the fluid level inside of the 

pipeline.  The upward buoyancy force, Fb (lb/ft), can be assumed to be equal to the volume of the pipe 

(ft3) multiplied by the unit weight of water (62 pcf).  The force resisting the upward buoyancy, Wur 

(lbs/ft), is the weight of the soil prism directly above the pipe and the weight of the pipe, and can be 

computed using the relationship: 

 

Wur = Wp + 63*H*BC 

 

Where  Wp = Weight of pipeline (lb/ft) 
 H  = Depth from Top of Ground Surface to Pipe Crown (ft) 
 BC  = Outside pipe diameter (ft). 
 

3.4.10 RESISTANCE TO LATERAL LOADS 

Lateral resistance to forces occurring at bends in the pipe will be resisted by soil friction along the 

length of the pipe and thrust blocks.  For coated-steel pipe and granular backfill, an ultimate interface 

friction angle of 22º should be used.  If polyethylene sleeves surround the pipe, the frictional resistance 

should be reduced by 30 percent.  No factor of safety is included in the interface friction values.  An 

appropriate safety factor should be applied to the ultimate interface friction angle. 

Thrust blocks could also be utilized to resist lateral forces on shallow pipes.  A passive soil 

resistance based on an equivalent fluid pressure of 250 pcf may be used when sizing the thrust blocks.  

The value for the passive resistance has been reduced by a factor of 2.0 to limit lateral deflections to less 
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than 1 percent of the embedded depth and to make it compatible with the movement required to mobilize 

the soil/pipe friction. 

If the Ductile Iron Pipe Research Association (DIPRA) procedure will be utilized to determine 

the restrained joint length (DIPRA 2006), we recommend assuming a Laying Condition of Type 5 and a 

Soil Condition of Silt 1. 

 

3.5 PAVEMENT DESIGN 

Prior to paving, the subgrade below the pavement section should be prepared in accordance with 

the recommendations contained in Section 3.2.3 of this report (i.e., at least 3 ft of properly compacted 

import structural fill is placed between the pavement section and the native material).  According to 

Kennedy/Jenks, traffic at the site will be primarily automobiles and truck traffic would consist of 

approximately six chemical delivery trucks per year.  The maximum weight of the loaded chemical 

delivery truck is estimated to be about 80,000 lbs. 

Assuming the pavement section is placed over three feet of import structural fill, an appropriate 

pavement section for the site would consist of three (3) inches of asphalt pavement over four (4) inches of 

base course material.  If the pavement section is located in areas where the site grades have not been 

raised, an appropriate pavement section would be four (4) inches of asphalt pavement over twelve (12) 

inches of base course material over a properly prepared subgrade.  Asphalt concrete pavement should be 

HMA class ½ inch, PG58-22 conforming to Section 5-04 of the 2010 WSDOT Standard Specifications.  

Base course material should meet the requirements for Crushed Surfacing Base Course (CSBC) in 

Section 9-03.9(3) of the 2010 WSDOT Standard Specifications.  Base course should be placed and 

compacted in accordance with Section 4-04.3(5) of the 2010 WSDOT Standard Specifications. 

We understand that a gravel access road will be provided to the southern wellheads and the area 

around many of the proposed improvements will be covered with gravel.  We recommend all gravel 

access roads and gravel covered areas be underlain by a woven geotextile meeting the requirements for 

Soil Stabilization in Table 3 of Section 9-33.2 of the 2010 WSDOT Standard Specifications.  The gravel 

surfacing should be a minimum of 12 inches thick and consist of CSBC meeting the requirements of 

Section 9-03.9(3) of the 2010 WSDOT Standard Specifications.  The CSBC should be compacted to a 

firm and unyielding condition with the use of a large vibrating steel drum roller without the use of 

vibration or small, hand-operated compaction equipment.  In no case, should large vibratory equipment be 

utilized to compact the CSBC for the gravel access roads and gravel covered areas.   
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3.6 SEISMIC DESIGN CONSIDERATIONS 

The Pacific Northwest is seismically active and the site could be subject to ground shaking from a 

moderate to major earthquake. Consequently, earthquake shaking should be anticipated during the design 

life of the proposed Longview RWTP and the treatment plant should be designed to resist earthquake 

loading using the appropriate design methodology.  

 

3.6.1 CODE BASED SEISMIC DESIGN 

Seismic design of the proposed Longview RWTP will be in accordance with the 2009 IBC (ICC 

2009).  The near-surface soil at the site is liquefiable.  According to the 2009 IBC, the liquefiable soil 

profile that underlies the site classifies as Site Class F, per Table 1613.5.2.  For Site Class F soil profiles, 

the 2009 IBC requires that the Site Coefficients, Fa and Fv, be determined in accordance with the 

Minimum Design Loads of Buildings and Other Structures (ASCE 7-05) published by the American 

Society of Civil Engineers (ASCE 2005). 

According to Section 11.4.7 of ASCE 7-05, a dynamic site response analysis is required to 

determine the site coefficients, Fa and Fv, for Site Class F and for structures with periods of vibration 

greater than 0.5 seconds.  For structures with a period of vibration less than or equal to 0.5 seconds, 

Section 20.3.1 of ASCE 7-05 allows for the site coefficients to be equal to the site coefficients if the 

project site were not susceptible to liquefaction.   

We understand that the period of vibration of the proposed structures at the Longview RWTP is 

less than 0.5 seconds.  In the absence of liquefaction, the site would classify as Site Class E (Soft Soil 

Profile).  The following spectral accelerations for a 2 percent probability of exceedance in 50 years should 

be used to determine the maximum considered earthquake spectral acceleration (USGS 2008): 

 

Spectral Acceleration for short periods (SS):    61.1% of gravity (0.61g) 
Spectral Acceleration for a 1-second period (S1):    28.8% of gravity (0.29g) 
 

For a Site Class E, a value of 1.48 should be used for site coefficient Fa, and 2.85 for site coefficient Fv.  

The design spectral response accelerations can be taken as 2/3 of the values determined above. 

  

3.6.2 LIQUEFACTION AND LATERAL SPREADING ANALYSIS AND RESULTS 

Liquefaction is defined as a significant rise in pore water pressure within a soil mass caused by 

earthquake-induced cyclic shaking.  The shear strength of liquefiable soil is reduced during large and/or 

long-duration earthquakes as the soil consistency approaches that of a semi-solid slurry, which can result 

in significant and widespread structural damage if not properly mitigated.  Deposits of loose, granular soil 
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below the water table are most susceptible to liquefaction, although non-plastic and low-plasticity silts 

and clays are also considered to be susceptible to liquefaction.   

Geotechnical data from the CPT soundings at the Longview RWTP site were analyzed to estimate 

the factor of safety against liquefaction.1  The potential for liquefaction was assessed using the “modified 

simplified procedure” presented by Youd et al. (2001).  Where appropriate, recommendations for 

liquefaction susceptibility evaluations proposed by Idriss and Boulanger (2008) were incorporated into 

our analysis.   

The liquefaction susceptibility of the cohesive soils was assessed using the method proposed by 

Bray and Sancio (2006).  According to the criteria described by Bray and Sancio, any fine-grained deposit 

with a plasticity index less than 12 and a water content greater than 85 percent of the liquid limit is 

potentially susceptible to liquefaction.  In the CPT soundings, fine-grained soil with an interpreted “Soil 

Behavior Type Index,” Ic, of 2.6 or less is assumed to be susceptible to liquefaction.  The depths where 

the interpreted “Soil Behavior Type Index” is greater than 2.6 generally coincide with the depths in the 

borings where the soil has a plasticity index greater than 12.   

For this study, the maximum depth of liquefaction was assumed to be 80 ft.  This depth is 

consistent with the depth established by WSDOT (2008) for critical structures.   

 

3.6.2.1 Peak Ground Acceleration and Magnitude for Analysis 

According to the 2009 IBC, neglecting liquefaction, the soil that underlies the Longview RWTP 

is classified as Site Class E (Soft Soil Profile) per Table 1613.5.2 (assuming a structure period of 

vibration equal to or less than 0.5 seconds).  For Type E soils, the maximum considered peak horizontal 

ground acceleration for liquefaction and lateral spread analysis is equal to 0.40SDS, or 0.24g.  An 

approximate magnitude 7.5 earthquake producing a peak horizontal ground acceleration of 0.24g was 

used in our liquefaction and lateral spread analyses at the Longview RWTP site.   

 

3.6.2.2 Liquefaction Analysis Results 

As discussed in Section 2.4 of this report, the near-surface soil at the site generally consists of 

fine-grained alluvium composed of sandy to very sandy silt with variable organic content, silt with 

variable organic content, clayey silt with variable organic content, or silty clay with variable organic 

                                                      
1 The data from the soil borings was also used to calculate the liquefaction potential of the near-surface soil.  It has 
been our experience that the SPT blow count of fine-grained soil are often times unreliable and could lead to 
unreliable estimates of liquefaction and liquefaction-induced settlement.   
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content.  Relatively thin interbeds of coarse-grained alluvium composed of silty sand or sand with silt to 

trace silt were also encountered in our explorations.   

Our analysis indicated that the fine-grained alluvium encountered within 15 to 17 ft of the ground 

surface meet the criteria defined by Bray and Sancio (2006) and are potentially susceptible to 

liquefaction.  Most of this soil has a factor of safety against liquefaction of less than 1.2, indicating a high 

potential that the soil may liquefy during the design seismic event.  Between 17 and 44 to 57 ft BGS 

(depending on location), the fine-grained alluvium does not meet the criteria defined by Bray and Sancio 

(2006) and is considered to have a low potential to liquefy during the design seismic event.   

Below 44 to 57 ft BGS (depending on location) to 80 ft BGS (maximum considered depth of 

liquefaction), our analysis indicates that about one-third of the fine-grained alluvium meets the criteria 

defined by Bray and Sancio (2006) and have a factor of safety against liquefaction of less than 1.2, and 

therefore may potentially liquefy during the design event.  The thickness of soil layers located below 44 

to 57 ft BGS that have a potential to liquefy is estimated to be between ½ and 8 ft.   

Most of the coarse-grained alluvium was found to have a factor of safety against liquefaction of 

less than 1.2, indicating a high potential for soil liquefaction during the design seismic event.   

 

3.6.2.3 Liquefaction-Induced Settlement 

The amount of post-liquefaction ground subsidence during the design seismic event was 

estimated using an empirical method developed by Zhang et al. (2002) which is based on empirical 

studies of areas that had undergone liquefaction.  According to the method developed by Zhang et al., the 

magnitude of post-liquefaction ground subsidence at the Longview RWTP site may be as much as 4 to 6 

inches.  It is estimated that about half of the liquefaction-induced settlement will occur within the upper 

15 to 20 ft of the soil column.   

For structures constructed at grade or shallow underground utilities, we estimate that total 

liquefaction induced settlement would be on the order of 3 to 4 inches.  Liquefaction induced settlement 

of liquefiable soil layers located below 45 ft BGS would likely not propagate to the surface (Ishihara 

1985).  Differential settlement should not be greater than 1 inch per 100 ft. 

The actual magnitude and extent of liquefaction-induced settlement will depend on many factors, 

including the duration and intensity of the ground shaking during the seismic event, and local soil and 

groundwater conditions.  Therefore, the magnitude of liquefaction-induced settlement may vary from that 

estimated above. 
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3.6.2.4 Lateral Spreading 

Lateral spreading is a phenomenon where lateral ground displacements occur as a result of soil 

liquefaction.  Lateral spreading is typically observed on very gently sloping ground or on relatively level 

ground adjacent to slopes or shorelines.  Lateral spreading tends to break the upper soil layers into blocks 

that progressively move downslope during an earthquake.  Large fissures at the head of the lateral spread 

are common, as are compressed or buckled soil at the toe of the soil mass.  From accounts of recent large 

earthquakes, including the 1995 Kobe earthquake, lateral spreading typically occurs within about 1,000 ft 

of the adjacent slopes or shorelines (Youd et al. 2002).  The nearest shoreline or sloping ground surface is 

the Columbia River, which is about ¾ miles (about 4,000 ft) to the southwest.  Given the relatively large 

distance between the site and the Columbia River, lateral spreading is unlikely to occur at the Longview 

RWTP site. 

 

3.6.2.5 Interpretation of Results and Mitigation 

At the proposed Longview RWTP site, there is a moderate potential for liquefaction during the 

design earthquake.  We estimate that at-grade buildings and shallow underground utilities could be 

subjected to between 3 and 4 inches of liquefaction-induced settlement, with differential settlement of 

about 1 inch in 100 ft.  Based on the explorations and engineering analysis completed for this project, 

liquefiable soil could extend to depths of about 80 ft below the existing ground surface. 

The use of Geopiers™ installed to about 20 ft BGS could be utilized to reduce the risk of 

liquefaction-induced total and differential settlement of structures supported at grade.  Additional 

recommendations for Geopiers™ are provided in Section 3.8.1.2 of this report. 

If deep foundations are utilized to support the proposed improvements, they would need to extend   

below the lowest potentially liquefiable soil layer.  The liquefaction of soil above the pile tip elevation 

will result in downdrag loads on the foundation elements.  Downdrag loads could result in pile damage 

(due to possibly exceeding the structural capacity of the pile) and increased foundation settlement.   

Ground subsidence also has the potential of damaging slab-on-grade foundations and damaging 

connections between buildings supported by piles or Geopiers™ and utilities extending outside of the 

building area.  Flexible connections should be provided.  Restrained joints should be utilized along the 

entire length of the water distribution lines. 

 

3.7 AT-GRADE BUILDINGS AND PRESSURE FILTER TANKS 

As currently envisioned the filter pipe gallery building, the office treatment building, and well 

house buildings will be supported by at-grade mat foundations with an average bearing pressure of less 
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than 1,000 psf.  The pressure filter tanks will also be supported by at-grade mat foundations with an 

average bearing pressure of between 1,300 and 1,500 psf.  Provided these structures are able to tolerate 

the potential total and differential liquefaction induced settlement (see Section 3.6.2.3), these structures 

could be supported by mat foundations, provided the base of the foundations are situated on at least a 3-ft 

layer of import structural fill and the site is preloaded to reduce the anticipated large total and differential 

settlements and to increase the undrained shear strength of the near-surface soil. 

 

3.7.1 PRELOAD RECOMMENDATIONS AND ALLOWABLE BEARING CAPACITY 

As discussed in Section 3.2.3 of this report, mat foundations should be underlain by a minimum 

of 3 ft of import structural fill.   

If mat foundations are utilized to support foundation loads, we recommend that these areas be 

preloaded.  The preload will have the benefit of increasing the allowable bearing capacity of the subgrade 

soils and decreasing the anticipated total and differential settlement.  The 3 ft of import structural fill 

located below the mat foundation can be utilized as part of the recommended preload fill.  Based on the 

results of our analysis, the anticipated maximum allowable bearing capacity that can be achieved for a 

mat foundation without ground improvement is 1,000 psf,2 assuming a factor of safety of about 3.0.  In 

order to achieve this maximum allowable bearing capacity, our analysis indicates that a preload fill would 

need to impose a pressure of 2,000 psf.  The preload fill should extend at least 10 ft beyond each side of 

proposed mat foundation.  The areas of the future plant expansion areas should also be preloaded at this 

time.   The preload should extend at least 10 ft beyond the edge of the future plant expansion area.  The 

following table summarizes the anticipated preload surcharge pressure and preload height needed to 

achieve other allowable bearing capacities. 

 

SUMMARY OF SURCHARGE REQUIREMENTS FOR ALLOWABLE BEARING CAPACITY 
 

Allowable 
Bearing 

Capacity (psf)(1) 
Surcharge 

Pressure (psf) 

Height of 
Preload Fill 

(ft)(2)(3) 
250 or less 500 4¼ 

500 1,000 8⅓ 
1,000 2,000 16½ 

 
Notes: 
(1) Allowable bearing capacity assumes a factor of safety of at least 3.0 on the calculated ultimate bearing 

capacity. 
(2) The height of preload fill assumes that the preload embankment fill has a moist unit weight of 120 pounds per 

cubic foot (pcf).   
(3) The fill utilized to provide the 3 ft separation between the native soil and the foundation subgrade elevation can 

be included as part of the height of preload fill. 
                                                      

2 Our analysis indicates that a preload fill height exceeding 20 ft would be necessary to achieve allowable bearing 
capacities of mat or slab-on-grades of greater than 1,000 psf. 
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Consolidation and instantaneous settlement will be a function of the preload pressure, the length 

and width of the mat or slab-on-grade floor, and other factors.  Figure 4 presents a summary of the 

anticipated preload settlements for mat foundations of various dimensions and surcharge pressures.  The 

estimated settlement summarized on Figure 4 is for the point located in the midpoint of the preload fill.  

Settlement at the edges of the preload fill would likely be 60 percent of the estimated settlement provided 

on Figure 4.  Settlement at the Weber Avenue extension should be minimal. 

We estimate that approximately 90 percent of the settlement resulting from the preload will occur 

within 3 to 9 months after the final preload height is met.  The actual duration of the preload should be 

determined by the installation and measurement of several settlement monitoring plates.  A discussion of 

settlement monitoring plates is provided in Section 3.9.2 of this report.  The duration of the preload could 

be deceased considerably if vertical wick drains are installed in the area to be preloaded or if the site is 

surcharged.  Recommendations for preload fill material are provided in Section 3.9.1 of this report. 

 

3.7.1.1 Pressure Filter Tanks 

The pressure filter tanks are anticipated to impose a bearing pressure of between 1,300 and 1,500 

psf.  The mat foundation for the pressure filter tanks is anticipated to be approximately 10 ft wide by 35 ft 

long mat foundation.  Our analysis indicates that the soil supporting the proposed mat foundations for the 

pressure filter tanks would have an ultimate bearing capacity of about 3,000 psf.  For a bearing pressure 

of between 1,300 and 1,500 psf, the factor of safety against bearing capacity failure would be between 

about 2.0 and 2.3, which is below the typically accepted factor of safety (i.e., between 2.5 and 3.0).  If the 

lower acceptable factor of safety is unacceptable, the size of the mat foundation would need to be 

increased or deep foundations or Geopiers™ would need to be installed under the pressure filter tanks.  A 

discussion of Geopiers™ is provided in Section 3.8.1.2 of this report.   

 

3.7.2 SUBGRADE PREPARATION AND SETTLEMENT 

If the site is preloaded prior to subgrade preparation, the subgrade for the proposed improvements 

should be prepared in accordance with Section 3.2.3 of this report. 

If the subgrade fill is prepared in accordance with Section 3.2.3 of this report prior to application 

of the preload, the soil at the foundation subgrade elevation will consist of Select Borrow meeting the 

requirements in Section 9-03.14(2) of the 2010 WSDOT Standard Specifications.  After removal of the 

preload fill, the upper 12 inches of soil beneath the mat foundation subgrade should be scarified, 

moisture-conditioned, and recompacted to at least 95 percent of the maximum dry density determined in 
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accordance with Section 2-03.3(14)D of the 2010 WSDOT Standard Specifications.  Alternatively, the 

maximum dry density may be determined using the ASTM D1557 test procedure.  Foundation-bearing 

surfaces should be free of all loose soil and water.  The exposed subgrade for foundations should be 

observed by a qualified geotechnical engineer to check that suitable bearing soils are present.  Areas of 

loose or soft soil should be further reworked and recompacted as described above.   

Assuming construction is accomplished as previously recommended, we estimate that total 

settlement of mat foundations or slab-on-grade floors will be less than 1 inch.  Assuming the mat is 

uniformly loaded, differential settlement across the length of the mat or slab-on-grade floor should be less 

than half of the total settlement.  It is estimated that 90 percent of the settlement, as described above, will 

occur during within 1 to 4 months after loads are applied. 

 

3.7.3 CAPILLARY BREAK 

A minimum of 4 inches of clean, free-draining material, such as washed gravel, should be placed 

beneath the mat foundation to act as a capillary break.  Washed gravel should consist of clean, durable 

rock with a maximum particle size of ¾ inches, and has less than 5 percent sand (material passing a U.S. 

No. 4 sieve).  If moisture penetration through the slab is undesirable, a condensation barrier should be 

placed beneath interior slab-on-grade floors to prevent condensation of water vapor on the bottom of the 

floor slab from wicking up through the floor slab.  The condensation barrier should consist of reinforced, 

minimum 10-mil membrane with tape sealed joints.  We recommend an inspection of the condensation 

barrier to verify that all openings have been properly sealed.   

If the structural engineer determines that a layer of granular material to facilitate concrete curing 

is necessary, the layer of granular material should consist of a compacted, 4-inch thick layer of clean, 

crushed rock material, such as ¾-inch minus crushed rock.  Care should be taken during construction to 

prevent water penetration into this layer that could become trapped between the slab and vapor retarder.  

Trapped water beneath the slab may lead to problems with interior flooring materials.   

 

3.7.4 RESISTANCE TO LATERAL LOADS 

Resistance to lateral loads may be assumed to be provided by friction acting on the base of mat 

foundation, and by passive lateral earth pressures acting against the sides of mat.  An ultimate coefficient 

of sliding resistance of 0.73, applied to the vertical dead loads only, may be used to compute frictional 

resistance.  The value for coefficient of sliding resistance does not include a factor of safety and assumes 

that the footing or slab-on-grade is poured directly on the prepared subgrade.  The effect of seismic 
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loading on the normal loads acting on the base of the wall should be accounted for in seismic design of 

the structures. 

For design purposes, the passive resistance of well-compacted structural fill placed against the 

sides of the mat foundation may be considered equivalent to a fluid with a density (EFD) of 250 pounds 

per cubic foot.  The EFD provided above assumes that the ground surface adjacent to the structure is level 

in the direction of movement for a distance equal to or greater than twice the depth of embedment depth.  

The upper 1½ ft of passive resistance should be neglected in design if not covered by pavement or floor 

slabs.  The value for the foundation passive earth pressure has been reduced by a factor of 2.0 to limit 

deflections to less than 1 percent of the embedded depth.   

 

3.7.5 FOUNDATION DRAINAGE CONSIDERATIONS 

 Foundation drainage should be provided below for all mat foundations lower than adjacent 

exterior grades.  The foundation drainage system should consist of perforated, 4-inch diameter underdrain 

pipe conforming to Section 9-05.2(6) of the 2010 WSDOT Standard Specifications.  The pipe should be 

placed with the perforations downward.  The pipe should be placed in a minimum 12-inch thick envelope 

of gravel meeting the requirements for Gravel Backfill for Drains in Section 9-03.12(4) of the 2010 

WSDOT Standard Specifications.  The drain gravel should completely surround the perforated drainpipe 

and be completely surrounded by a non-woven geotextile material with a minimum 12-inch overlap.  The 

geotextile should meet the requirements for Moderate Survivability in Table 1 and for Class B in Table 2 

of Section 9-30 of the 2010 WSDOT Standard Specifications.  The top of the perforated pipe should be 

no higher than the top of the adjacent footing.  The drain line should discharge into the storm drainage 

system, or an approved location. 

Roof downspouts should not be introduced into the footing drain, but discharged directly into the 

site stormwater system or other appropriate outlet by means of a tightline-type system. To reduce the 

possibility of water ponding and infiltrating into the subsurface near foundations, exterior grades should 

slope to promote runoff away from the structures. 

 

3.8 BACKWASH STORAGE TANKS 

Three backwash storage tanks are planned for the project.  Two of the backwash storage tanks 

will be built during initial construction.  The third backwash storage tank will be constructed to the 

northeast in the future.  The backwash storage tanks will be constructed adjacent to each other near the 
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existing grade.3  The combined backwash storage tanks are anticipated to be about 130 ft long and 125 ft 

wide (dimensions assume full build-out of the tanks).  The anticipated maximum bearing pressure of the 

backwash storage tanks is anticipated to be about 1,500 psf.   

 

3.8.1 ALLOWABLE BEARING CAPACITY AND GROUND IMPROVEMENT 

As discussed in Section 3.7 of this report, the anticipated maximum allowable bearing capacity 

for at-grade mat foundations is 1,000 psf (including factor of safety of at least 3.0).  In order to achieve an 

allowable bearing capacity of 1,500 psf, ground improvement such as Geopiers™, stone columns, or deep 

soil mixing will need to be installed under the backwash storage tanks.  In addition to increasing the 

allowable bearing capacity, ground improvement will be beneficial in reducing post-construction total and 

differential consolidation settlement resulting from the applied loads and/or liquefaction.  Even with 

ground improvement, a preload/surcharge will be required to reduce the long-term consolidation 

settlement.  The height of the surcharge should be sufficient to impose a load of 2,000 psf at the existing 

ground surface.  Additional recommendations for preloading are provided in Sections 3.7.1 and 3.9 of this 

report.  We recommend ground improvement be implemented prior to the preload/surcharge as ground 

improvement would reduce the preload/surcharge time. 

As an alternative to ground improvement and site preloading, deep foundations could be utilized 

to support the backwash storage tanks.  Conceptual recommendations for deep foundations are provided 

in Section 3.10 of this report. 

 

3.8.1.1 Performance Criteria for Ground Improvement 

Ground improvement should be designed to mitigate site liquefaction in the upper 20 ft and to 

increase the allowable bearing capacity to 1,500 psf (an ultimate bearing capacity of 4,500 psf).  In order 

to mitigate the liquefaction risk, the replacement ratio of the improved ground should increase the 

density/consistency of the improved soil such that the soil has a minimum factor of safety of at least 1.2 

against liquefaction for a magnitude 7.5 earthquake generating a 0.24g peak ground acceleration.   

 

3.8.1.2 Geopier™ Ground Improvement 

Geopier™ is a proprietary ground improvement technique developed by Geopier Foundation 

Company, LLC.  A Geopier™ is a rammed aggregate pier which transmits loads vertically through weak 

or compressible soil into more competent soil.  The Geopier™ system allows for a greater allowable 

                                                      
3 Buried backwash storage tanks were originally considered by the design team.  We understand that this alternative 
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bearing capacity, decreased total and differential foundation settlement, and can also reduce the risk of 

liquefaction induced settlement.   

The Geopiers™ would be installed utilizing the Geopier™ Impact System.  In this system, a 

specially designed hollow mandrel and tamping foot is driven to the required depth (i.e., 15 to 20 ft BGS).  

The mandrel retains soil and groundwater from entering the hole and allows the Geopier™ to be installed 

below the groundwater table.  As the mandrel and tamping foot is driven, the soil is displaced laterally, 

densifying the adjacent soil.  The mandrel serves as a conduit for placement of the aggregate.  

Approximately 3 ft of aggregate is placed through the mandrel.  The tamper foot is lifted approximately 3 

ft and then driven back down 2 ft, forming an approximate 1-ft lift of compacted aggregate.  This process 

is repeated throughout the entire depth of the column.  Depending on the size of the tamping foot, the 

diameter of the Geopier™ would be approximately 20 to 24 inches. 

The depth and spacing of the Geopiers™ would be determined by the Geopier Foundation 

Company, LLC.  The depth and spacing would need to be designed to meet the performance criteria 

summarized in Section 3.8.1.1 of this report.  Based on our conversation with Geopier Foundation 

Company, LLC. (Johnson 2009), the Geopiers™ would be installed at 6 to 8 ft spacing and extend to 

approximately 20 ft BGS.  The cost of the Geopier™ system is estimated to be between $250,000 and 

$300,000, assuming ground improvement is completed under all three backwash storage tanks.  To save 

initial costs, installation of ground improvement under the proposed third backwash storage tank could be 

delayed. 

The placement of several feet of import structural fill over the top of the Geopiers™ would allow 

for the Backwash Storage tanks to be supported by a mat foundation.  The thickness of structural fill 

necessary would also be determined by the Geopier Foundation Company, LLC. 

If Geopiers™ are utilized underneath the proposed improvements, we estimate that total 

liquefaction induced settlement will be less than about 1 inch (versus 3 to 4 inches if Geopiers™ are not 

installed).  Differential settlement is estimated to be about 1 inch in 200 ft (versus 1 inch in 100 ft if 

Geopiers™ are not installed).   

 

3.8.2 LATERAL EARTH PRESSURES 

Portions of the backwash storage tank walls will be constructed below-grade and will be 

subjected to lateral earth pressures.  The magnitude of lateral earth pressures that develops against 

underground tank walls will depend on the inclination of adjacent slopes, type of backfill, method of 

backfill placement, degree of backfill compaction, magnitude and location of adjacent surcharge loads, 

                                                                                                                                                                           

is no longer being considered. 
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and the degree to which the wall can yield laterally during or after backfill placement.  When a subsurface 

wall is restrained against lateral movement or tilting, the soil pressure exerted is the at-rest soil pressure.  

Such wall restraint may develop if a rigid structural network is constructed prior to backfilling or if the 

wall is inherently stiff or otherwise restrained from rotation.  In contrast, active soil pressure will be 

exerted on a subsurface wall if its top is allowed to rotate or yield a distance of at least 0.002 times its 

height during placement of backfill.   

We recommend that yielding walls with level backfill under undrained conditions be designed for 

an equivalent fluid density of 80 pcf for active soil conditions.  If the wall is restrained from rotation 

during backfilling, an equivalent fluid density of 95 pcf should be used for design assuming level backfill 

and undrained conditions.  Design of any subsurface walls should include appropriate lateral earth 

pressures caused by any adjacent surcharge loads.  For uniform surcharge pressures, uniformly distributed 

loads of 0.26 and 0.41 times the surcharge pressure should be added for yielding and non-yielding walls, 

respectively. 

Dynamic lateral earth pressures due to a 1-in-2,475-year seismic event (2 percent probability of 

exceedance in a 50-year period) should be included in design of all retaining walls.  A peak horizontal 

ground acceleration of 24 percent of gravity (SDS/2.5) was assumed in computing dynamic lateral earth 

pressures.  Retaining walls with level backfill able to translate laterally during a seismic event should be 

designed to withstand a dynamic lateral earth pressure shaped liked an inverted trapezoid with a pressure 

at the top equal to 6H (H is the vertical height of the wall in ft) and a pressure at the bottom equal to 2H.  

Walls unable to translate laterally (level backfill) should be designed to withstand a dynamic lateral earth 

pressure shaped liked an inverted trapezoid with a pressure at the top equal to 26H and a pressure at the 

bottom equal to 7H.  The resultant of the dynamic lateral earth pressure can be assumed to act at a point 

of 0.6H above the base of the wall.  The dynamic lateral pressure should be added to the static lateral 

earth pressures. 

 

3.8.3 BACKFILL AND COMPACTION CRITERIA 

 Wall backfill should meet the requirements for import granular fill specified in Section 3.2.5 of 

this report.  Because of its potential to run, we do not recommend the use of pea gravel as wall backfill.  

To avoid overstressing the wall during fill placement and compaction, backfill located within 3 ft of the 

tank walls should be compacted to between 90 and 92 percent of the maximum dry density as determined 

by Section 2-03.3(14)D of the 2010 WSDOT Standard Specifications or by the ASTM D1557 test 

procedure.  Fill located greater than 3 ft from the tank walls should be compacted to greater than 95 

percent of the maximum dry density as determined by Section 2-03.3(14)D of the 2010 WSDOT 
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Standard Specifications or by the ASTM D1557 test procedure.  Heavy compaction equipment should not 

be utilized to compact fill located within 2 ft of the tank walls.   

 

3.8.4 UPLIFT RESISTANCE 

 If the groundwater table is located above the base of the backwash storage tanks, the backwash 

storage tanks will experience uplift pressure.  For design, we conservatively recommend assuming that 

groundwater table is located at the final ground surface elevation.  Uplift forces will be resisted by the 

dead weight of the backwash storage and friction between the walls of backwash storage tanks and the 

tank backfill.  For a smooth-sided, concrete tank without extensions, the available frictional resistance 

(Fr,), in pounds per lineal ft of tank (lb/ft), can be conservatively computed using the relationship: 

 

Fr = 5⅓*(H2) 

 

where H is the depth of the tank below the ground surface in ft.  If the backwash storage tank has a 

uniform height, the available frictional resistance force (lbs) can be determined by multiplying the 

available frictional resistance by the perimeter of the tank pressure (ft).  No factor of safety is included in 

the frictional resistance.   

 

3.9 GENERAL PRELOAD RECOMMENDATIONS 

General recommendations regarding preload fill material and settlement monitoring are provided 

in this section of this report.   

 

3.9.1 PRELOAD FILL MATERIAL 

In our estimates of preload heights provided above, we assumed the preload fill material would 

have a moist unit weight of 120 pounds per cubic foot (pcf).  The moist unit weight of the preload soil 

provided above assumes the preload soil consists of import granular material (see Section 3.2.5) 

compacted in accordance with the recommendations contained in Section 3.2.6 of this report.  Prior to 

construction, laboratory testing to determine the moist unit weight (i.e., modified Proctor) of the preload 

fill material should be completed.  If the moist unit weight of the preload fill material is different than 

what is assumed above, the height of the preload fill should be adjusted accordingly.  If native soil is 

utilized for the preload, the height of the preload would need to be greater.  The moist unit weight of the 

native soil would likely be on the order of 90 pcf or less.  If the fill used for the surcharge will be used 

elsewhere within the project, the type of material used in the surcharging should meet the requirements 
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for the specific application of the fill.  The type of fill used for the surcharging should consider potential 

wet-weather construction conditions.   

The preload embankment side slopes will be dependent on the composition of the preload 

material and the weather conditions during the preload waiting period.  If the preload embankment 

material meets the requirements in Section 3.2.5 of this report, the temporary construction side slopes 

could be inclined as steep as 1½H:1V.   

 

3.9.2 SETTLEMENT MONITORING 

Settlement monitoring should be completed on a daily basis during preload fill placement and for 

the first two weeks after placement.  After that, the frequency of monitoring may be decreased to twice 

weekly.  Monitoring of the settlement can be accomplished by placing settlement monitoring plates above 

the geotextile separator fabric prior to placing the embankment or surcharge fill.  We recommend that 

settlement plates be placed on an approximate 50-ft grid in the area to be preloaded.  A typical detail of a 

settlement monitoring plate is included on Figure 5.   

Settlement plate elevations should be referenced to a stable benchmark located at least 500 ft 

outside of the fill area.  Initial elevation readings of the settlement plates should be obtained within 24 

hours of installation and prior to any fill placement.   

Settlement data should be provided to Landau Associates on a weekly basis for evaluation.  The 

duration of the preload (or surcharge) period should be determined based on the settlement plate readings.  

If the site is surcharged, the additional fill should not be removed until the target magnitude of settlement 

has occurred.  If a surcharge is not implemented, construction of the proposed improvement should not 

start until the data indicates primary consolidation is essentially complete.  It may be beneficial to monitor 

settlement-sensitive utilities and/or structures within 100 ft of the embankment or surcharge fill area.  

Utilities can be monitored by placement of a settlement gauge on the utility.  Adjacent structures can be 

surveyed for vertical displacement using an off-site monument for reference. 

Settlement plates and measurements should be protected during construction.  If a settlement 

plate or measurement rods are damaged, it should be repaired and resurveyed immediately.   

 

3.10 PILE FOUNDATION ALTERNATIVE 

We understand that many of the existing improvements at the Mint Farm Industrial Park are pile 

supported.  Since the anticipated loads for the Longview RWTP’s structures are light to moderate, we do 

not believe that pile foundations are necessary for the proposed improvements, provided the site is 

preloaded and the liquefaction induced total and differential settlements are tolerable or ground 
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improvement is utilized to reduce the risk of liquefaction induced settlement.  Based on our discussions 

with the design team, it is unlikely that pile foundations will be utilized for this project.   

For evaluating alternatives, conceptual level recommendations for pile foundations are provided 

in the following section of this report.  If piles are utilized for this project, we anticipate that pile 

foundations would need to extend below the lowest liquefiable soil layer (i.e., at least 80 ft BGS).  Based 

on the conditions observed in our explorations and in explorations completed by others, there does not 

appear to be a consistent foundation bearing layer (i.e., a reasonably thick layer of medium dense to dense 

sand) within the upper 120 ft across the site.  Consequently, it is anticipated the piles would need to rely 

mainly on side friction to provide axial support. 

Typical pile types utilized in alluvial deposits such as those encountered at the Mint Farm 

Industrial Park include augercast piles, timber piles, driven grout piles, and driven pipe piles.  Augercast 

piles are typically not feasible if the length to diameter ratio of the pile is greater than 30.  Augercast piles 

typically have a maximum diameter of about 2 ft; consequently, the maximum typical augercast pile 

length is 60 ft (i.e., less than the minimum length of piles that would be needed at this site).  The lengths 

required to establish foundation support are also in excess of the practical limit for wood piles.  

Consequently, it is anticipated that driven pipe piles or driven grout piles will need to be utilized for this 

project.   

Conceptual recommendations for 18- and 24-inch diameter steel pipe piles installed to about 100 

ft BGS are provided in the following sections of this report.  If driven steel pipe piles will be utilized for 

this project, additional recommendations including parameters for lateral pile design will be necessary.  If 

driven grout piles are selected for this project, recommendations for driven grout piles will also need to be 

provided during final design. 

 

3.10.1 VERTICAL AXIAL CAPACITY 

Piles to support the proposed improvements should be designed for both service and seismic 

loading conditions.  Applied loads for the service loading condition include dead and live loads.  During 

service loading, the axial capacity of a single pile is equal to the tip capacity and the skin capacity 

developed along the entire length of the pile.  Applied loads for the seismic loading case typically include 

dead loads and inertial loading caused by earthquake shaking.  For the seismic loading case, the axial 

capacity of a single pile is assumed to be equal to the tip capacity and the portion of the skin capacity 

developed below the lowest liquefiable layer.  For both the service and seismic loading condition, 

downdrag loads (see Section 3.10.2) should also be included if the structure is not able to settle after the 

application of liquefaction-induced downdrag loads. 
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The allowable axial capacities for 18- and 24-inch diameter, driven pipe piles installed to about 

100 ft BGS are presented in the following tables.4  The allowable pile capacities assume the pipe piles are 

driven closed-ended.  For the service loading condition, the allowable pile capacity presented in the table 

below includes a factor of safety of at least 2.5 on the calculated ultimate capacities.  For seismic loading 

conditions, the allowable pile capacities include a factor of safety of at least 1.5 on the calculated ultimate 

capacity.   

 
ALLOWABLE FRICTION PILE CAPACITY (TONS) 

 

Loading Condition Pile Diameter             
(inches) Service Seismic 

18 40 to 55 13 to 22 

24 55 to 70 17 to 29 

 
 

ALLOWABLE TIP PILE CAPACITY (TONS) 
 

Loading Condition Pile Diameter             
(inches) Service Seismic 

18 6 to 12 8 to 20 

24 10 to 20 15 to 35 

 
 
Driven piles should not be installed with a center to center pile spacing of less than 3D, where D 

is the diameter of the pile.  Provided the piles have a center-to-center pile spacing of at least 3D and the 

pile cap is in firm contact with the ground, the pile group capacity can be taken as the sum of the 

individual pile capacities. 

 

3.10.2 DOWNDRAG LOADS 

After a significant earthquake event where liquefaction has occurred, post-liquefaction ground 

subsidence accumulates as downdrag along the length of the pile.  Downdrag will lead to either increased 

foundation settlement or additional axial loads (i.e., downdrag loads) applied to the pile and the bearing 

soil.  If the foundation is allowed to settle as the downdrag loads are applied (i.e., if the improvements can 

tolerate additional total and differential settlement), the pile will shed the downdrag load.  If the structure 

is unable to tolerate the additional total or differential settlement, the piles will need to be installed deeper 

than 100 ft BGS and the allowable pile capacity may need to be reduced.  The piles should be structurally 

designed to accommodate the downdrag loads developed along the length of the pile if additional total or 

                                                      
4 The allowable capacities for service loading conditions are consistent with allowable capacities determined by 
others for other development located within the Mint Farm Industrial Park. 
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differential settlement is unacceptable.  The table below summarizes the upper bound estimate of 

downdrag loads of steel pipe piles driven to about 100 ft BGS. 

 

UPPER BOUND DOWNDRAG LOAD ESTIMATE (TONS) 
 

Downdrag Load Pile Diameter             
(inches) (tons) 

18 68 

24 90 

 

Downdrag can also occur if structural fill is utilized to raise site grades after pile installation.  

Consequently, pile foundations should not be installed until most of the settlement created by raising site 

grades has occurred. 

 

3.10.3 DEEP FOUNDATION SETTLEMENT 

Based on the subsurface conditions encountered at the Mint Farm Industrial Park, settlement of 

the piles would typically be due to a combination of elastic compression of the pile and consolidation 

settlement of the moderate to high plasticity fine-grained alluvial deposits encountered below a depth of 

two-thirds the pile length. 

Pile settlement is dependent on a number of factors including: the size of the piles, the number of 

piles in the pile group, the pile spacing, the pile tip elevation, the axial load per pile, and other factors.  

For the purpose of developing an estimate of pile group settlement, the following assumptions were 

made: 

 24-inch diameter steel pipe piles 

 Pile tip located at approximately 100 ft BGS 

 2 by 2 pile group 

 Pile spacing of 3 times the pile diameter (pile group width of 5 ft) 

 Axial load per pile of 80 tons (pile group load of 320 tons). 

We estimate that up to 1 inch of settlement will occur during service loading conditions.  After a 

seismic event which leads to downdrag loading (90 tons per pile), an additional 1 to 2 inches of settlement 

may occur.  Differential settlement between adjacent pile caps may be as high as 50 percent of the total 

settlement as described above.  It is anticipated that a majority of the settlement described above will 

occur within 1 to 4 months after application of the building or downdrag loads are applied to the pile.   
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3.10.4 UPLIFT CAPACITY  

The uplift capacity of a pile group should be taken as the minimum of the uplift resistance of the 

pile group considered as a block or the sum of the individual pile uplift capacities.  The uplift capacity of 

a pile group can be taken as the weight of the soil located within the pile group and the weight of the 

piles.  We recommend assuming the effective unit weight of the soil is 48 pcf. 

For service loading conditions, the uplift capacity of a single pile can be taken as the skin friction 

capacity taken along the entire length of the pile and the weight of the piles.  For seismic loading 

conditions, the uplift capacity of a single pile can be taken as the skin friction capacity developed below 

the lowest liquefiable layer and the weight of the pile.  The table below summarizes the allowable uplift 

capacities for steel pipe piles driven to about 100 ft BGS.   

 

ALLOWABLE UPLIFT CAPACITY OF A SINGLE PILE (TONS) 
 

Loading Condition Pile Diameter         
(inches) Service Seismic 

18 33 to 46 10 to 17 

24 46 to 58 13 to 22 

 

For the service loading condition, the allowable uplift capacity includes a factor of safety of 3.0.  

For the seismic loading condition, the allowable uplift capacity presented above includes a factor of safety 

of at least 2.  The weight of the pile is not included in the uplift capacities presented in the table above. 

 

3.10.5 USE OF THESE RECOMMENDATIONS FOR PLANNING OF OTHER DEVELOPMENTS 

WITHIN THE MINT FARM INDUSTRIAL PARK 

We understand the City has expressed concern about the feasibility of utilizing deep foundations 

to support future industrial developments within the Mint Farm Industrial Park if the Longview RWTP is 

constructed.  The conceptual recommendations contained in this section of this report can be utilized to 

determine the feasibility of constructing industrial developments within the Mint Farm Industrial Park.  

The recommendations are for informational purposes only as conditions are variable across the site and 

actual pile capacities may be different.  The actual pile capacities at a particular site will need to be 

determined by a licensed civil engineer based on the actual subsurface conditions encountered at that 

particular location.  

 

3.11 IMPACT OF DEEP FOUNDATIONS ON GROUNDWATER AQUIFER 

As discussed in Section 3.10, the likely pile types that would be utilized at the Mint Farm 

Industrial Park are driven grout piles or driven steel piles (either pipe or H-piles).  In the driven grout pile 
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method, the grout is installed under pressure and makes a very tight contact with the surrounding soil.  As 

the steel pipe pile or H-pile is driven into the very soft to fine-grained alluvium (the predominant soil type 

encountered at the Mint Farm Industrial Park in the likely depth of pile), the soil surrounding the pile is 

expected to smear along the surface of the pile and form a very tight contact.   

After full pumping (12 MGD), we understand that a downward gradient between the near-surface 

aquifer and the deep groundwater aquifer will develop (Kennedy/Jenks 2010).  It is feasible that 

groundwater contamination in the near-surface aquifer could be transmitted into the deep groundwater 

aquifer.  In our opinion, it is unlikely that deep aquifer could negatively impacted by existing and future 

industrial activities located with the Mint Farm Industrial Area.  We base this opinion on the following: 

 The maximum anticipated cost-effective depth of deep foundations is about 100 to 120 ft 
BGS and the groundwater aquifer is at least 200 ft below the existing ground surface.  Based 
on laboratory testing completed by Kennedy/Jenks, the vertical hydraulic conductivity of the 
fine-grained alluvial deposits is between 10-7 to 10-8 centimeters per second (cm/sec).   

 As discussed above, the likely pile types utilized in the Mint Farm Industrial Park will form a 
very tight contact with the adjacent ground, assuming proper construction techniques.  

Because of the downward gradient during full pumping conditions and the low potential of future 

industrial activities to negatively impact the deep groundwater aquifer, we recommend that future 

developers located in the vicinity of the influence of the pumping wells be required to complete a 

hydrogeological report as part of the permitting process.  We recommend that Kennedy/Jenks and the 

City define the area located in the vicinity of the pumping wells.  The hydrogeological report should be 

prepared, signed, and dated by a Washington State licensed hydrogeologist.  As a minimum, the 

hydrogeological report should include: 

1. Summary of the geologic setting including well logs or borings 

2. Background water quality data 

3. Groundwater elevations 

4. Recharge potential of site including a description of the permeability/transmissivity 

5. Groundwater flow direction and gradient 

6. Available data on wells located within ½ mile of the site 

7. Analysis of the possible effects of the groundwater resource by the proposed project 
including the storage or use of any hazardous materials 

8. Discussion of any potential mitigation measures, if necessary. 

We recommend that the City and Kennedy/Jenks consider developing a document that could be 

provided to a future developer that summarizes the available data concerning the aquifer (items 1 through 

6) and serve as the basis of the hydrogeological report completed by the developer. 
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If hazardous materials will be stored or utilized within the groundwater protection area, we 

recommend that the developer develop a comprehensive pollution prevention plan.  At a minimum, the 

pollution prevention plan should include: 

 A grant of access to the site to review best management practices and use, storage, and 
disposal of hazardous materials 

 Summary of best management practices 

 Hazardous material use, storage, and disposal practices 

 Description of employee training 

 Description of on-site monitoring 

 and a written procedure for implementation including record keeping and verifying effective 
implementation 

 

We recommend that plan implementation records be submitted to the City on a quarterly basis. 
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4.0 REVIEW OF DOCUMENTS AND CONSTRUCTION OBSERVATIONS 

 Landau Associates recommends that we review the geotechnical-related portions of the final plant 

design to check that the recommendations presented in this geotechnical report have been properly 

interpreted and implemented in the design.  If necessary, supplemental recommendations can be provided 

if project elements of the water treatment plant have changed and no longer conform to the 

recommendations contained in this report.  In addition, once the final plans and specifications have been 

developed, Landau Associates should review the plans and specifications for the proposed project in 

advance of project bidding.  The purpose of the review is to verify the recommendations presented in this 

geotechnical report have been properly interpreted and implemented in the design and specifications.   

 We recommend monitoring, testing, and consultation be provided during construction to confirm 

the conditions encountered are consistent with those indicated by our explorations, to provide expedient 

recommendations should conditions be revealed during construction that differ from those anticipated, 

and to evaluate whether geotechnical-related activities comply with project plans and specifications and 

the recommendations contained in this report.  Such geotechnical-related activities include observation of 

the prepared subgrade, backfill and compaction, subgrade preparation for the proposed improvements, 

pile installation (if necessary), and other geotechnical-related activities.  The purpose of these services 

would be to observe compliance with the design concepts, specifications and recommendations of this 

report, and in the event subsurface conditions differ from those anticipated before the start of 

construction, provide revised recommendations appropriate to the conditions revealed during 

construction.  Landau Associates would be pleased to provide these services for you. 
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5.0 USE OF THIS REPORT 

Landau Associates prepared this geotechnical report for the exclusive use of Kennedy/Jenks and 

the City of Longview for specific application to the proposed Longview Regional Water Treatment Plant 

project at the Mint Farm Industrial Park in Longview, Washington.  The use by others, or for purposes 

other than intended, is at the user’s sole risk.  The findings, conclusions, and recommendations presented 

herein are based on our understanding of the project, our review of geotechnical and geologic information 

in the project vicinity provided by the City of Longview, and on subsurface conditions completed on May 

8, 2009 and between August 12 through 18, 2009.  Within the limitations of scope, schedule, and budget, 

the conclusions and recommendations presented in this report were prepared in accordance with generally 

accepted geotechnical engineering principles and practices in the area at the time the report was prepared.  

We make no other warranty, either express or implied. 

There may be some variation in subsurface soil and groundwater conditions at the site, and the 

nature and extent of the variations may not become evident until construction.  Accordingly, a 

contingency for unanticipated conditions should be included in the construction budget and schedule.  We 

should be contacted if variations in subsurface conditions are encountered during construction. 

We appreciate the opportunity to provide geotechnical services on this project and look forward 

to assisting you during the bidding and construction phases.  If you have any questions or comments 

regarding the information contained in this report, or if we may be of further service, please call.  

 

LANDAU ASSOCIATES, INC. 
 
 
 
Brian A. Bennetts, P.E. 
Senior Project Engineer 
 
 
 
Edward J. Heavey, P.E. 
Principal 
 
BAB/EJH/rgm 
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Notes:
1. Estimated settlement includes both consolidation and elastic settlement of coarse-grained deposits and non-plastic fine-grained deposits.  
2. Settlement estimates are based on soil profile at location of boring B-101.  Actual settlement will vary based on subsurface profile, the 
actual loading conditions, and other factors.
3. Square mat foundations are shown in solid black lines.   Rectangular mat foundations with B = 1/2 L are shown in short dashed black lines.  
Rectangular mat foundations with B = 1/4 L are shown in long dashed gray lines.  Interpolate for intermediate ratios of length to width of mat
foundation.
4. Settlement estimates shown above assume height of preload embankment is sufficient enough to impose a pressure equal to 500 psf for 
allowable bearing pressure less than or equal to 250 psf, 1,000 psf for allowable bearing pressure of 500 psf, or 2,000 psf for allowable 
bearing pressure of 1,000 psf.  
5. Data for qall = 1,000 psf can be utilized to estimate settlement of mat foundation underlain by stone columns that are not preloaded.
6. Settlement estimate assumes that preload embankment extends at least 10 ft on each side of the mat foundation.

qall = 500 psf
Preload Pressure = 1,000 psf

qall  = 1,000 psf
Preload Pressure = 2,000 psf

qall = 250 psf
Preload Pressure = 500 psf
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5-foot sections. As fill progresses, couplings are used to
install additional lengths. Continuity is maintained by
reading the top of the measurement rod, then immediately
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Both readings are recorded.

Record the elevation of the top of the measurement rod in each
marker at the recommended time intervals. Each time, note the
elevation of the adjacent fill surface.

Read the marker to the nearest 0.01 foot, or 0.005 foot if
possible. Note the elevation of adjacent fill surface to the
nearest 0.1 foot.

Use a survey benchmark for reference elevations that is at
least 500 feet removed from the preload/surcharge fill area.
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TABLE 1
SOIL ANALYTICAL RESULTS

LONGVIEW WATER TREATMENT PLANT
LONGVIEW, WASHINGTON

B101 B102 B103
PK67A PK67B PK67C

8/12/2009 8/12/2009 8/12/2009

CONVENTIONALS
pH (Standard Units) 6.49 6.48 5.42
Method SW9045

Redox Potential  (mV) 386.0 421.0 444.0
Method SM 2580

Preserved Total Solids (%) 69.90 62.70 72.50
Method EPA 160.3

Sulfide (mg/kg) <1.37 U <1.57 U <1.36 U
Method EPA 376.2

U = Indicates the compound was undetected at the reported concentration

P:\133\009\010\FileRm\R\Soil Analytical Results TableSoil Analytical Results Table Landau Associates



 
 
 
 
 
 
 
 

APPENDIX A

Field Explorations
 



3/12/10  P:\133\009\010\FileRm\R\Longview_RWTP_rpt 3-12-10.doc A-1 DRAFT  

APPENDIX A 
FIELD EXPLORATIONS  

 

 Subsurface conditions at the location of the proposed Longview Regional Water Treatment Plant 

(Longview RWTP) were explored on May 8, 2009 and between August 12 and 18, 2009.  The exploration 

program consisted of advancing five (5) exploratory borings (B-9, B-10, and B-101 through B-103) and 

three (3) cone penetrometer test (CPT) soundings (CPT-101 through CPT-103) at the approximate 

locations illustrated on the Site and Exploration Plan (Figures 2 and 3).  The explorations were located in 

the field with a hand-held GPS unit.   

 

EXPLORATORY BORINGS 

The exploratory borings (B-9, B-10, and B-101 through B-103) were advanced to depths of 

between 39 and 79 ft BGS with a truck or track-mounted drill rig and the mud-rotary drilling technique.  

Borings B-9 and B-10 were advanced on May 8, 2009 while borings B-101 through B-103 were advanced 

between August 12 and 14, 2009.  Holocene Drilling, Inc., of Edgewood, Washington advanced the 

borings under subcontract to Landau Associates. 

The geotechnical exploratory program was coordinated and monitored by a Landau Associates 

geotechnical engineer who also obtained representative soil samples, maintained a detailed record of the 

observed subsurface soil and groundwater conditions, and described the soil encountered by visual and 

textural examination.  Each representative soil type observed in our exploratory borings was described 

using the soil classification system shown on Figure A-1, in general accordance with ASTM D2488, 

Standard Recommended Practice for Description of Soils (Visual-Manual Procedure).  Logs of the 

exploratory borings are presented on Figures A-2 through A-6.  These logs represent our interpretation of 

subsurface conditions identified during the field exploration program.  The stratigraphic contacts shown 

on the individual logs represent the approximate boundaries between soil types; actual transitions may be 

more gradual.  The soil and groundwater conditions depicted are only for the specific date and locations 

reported, and therefore, are not necessarily representative of other locations and times. 

Disturbed samples of the soil encountered from the borings were obtained at frequent intervals 

using either a 1.5-inch inside-diameter (ID) Standard Penetration Test (SPT) split-spoon sampler or a 

2.375 ID Modified California split-spoon sampler.  The samplers were driven up to 18 inches (or a 

portion thereof) into the undisturbed soil ahead of the auger bit with a 140-lb automatic hammer falling a 

distance of approximately 30 inches.  The number of blows required to drive the sampler for the final 12 

inches (or portion thereof) of soil penetration, is noted on the boring logs adjacent to the appropriate 

sample notation.   
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Relatively undisturbed samples of fine-grained soil encountered in the borings were obtained by 

advancing a 3-inch, outside-diameter (OD), thin-walled Shelby tube into the undisturbed soil ahead of the 

drill bit.  The tube was advanced approximately 24 inches using a hydraulic piston sampler.  After 

removal of the tube from the borehole, the ends of the tube were capped and sealed.  Samples collected in 

this manner were submitted to Soil Technology, Inc. of Bainbridge Island, Washington for completion of 

consolidation tests. 

Upon completion of drilling and sampling, the boreholes were abandoned in general accordance 

with the requirements of Washington Administrative Code (WAC) 173-160. 

 

CONE PENETROMETER TEST PROGRAM 

The field exploration program included a CPT program to provide an overview of the subsurface 

soil conditions at the project site.  The CPT program was completed between August 17 through 18, 

2009.  The CPT soundings were advanced to depths ranging from between 73⅓ to 120¼ ft BGS using 

track-mounted CPT equipment.  In Situ Engineering, Inc. of Snohomish, Washington completed the CPT 

soundings under subcontract to Landau Associates. 

At each CPT sound location, a four-channel electronic cone was pushed at a rate of about 1 to 2 

cm/sec.  The cone was used to simultaneously record tip resistance, sleeve friction, pore pressure, and 

inclination every 5 cm.  Data was transmitted electronically from the cone to a receiver located at the 

ground surface.  Upon completion of testing, the CPT soundings were abandoned in general accordance 

with the requirements of WAC 173-160. 

In Situ Engineering, Inc. reduced the collected CPT data and plotted tip resistance and friction 

ration (sleeve friction divided by tip resistance) as a function of sounding depth.  They then used 

published correlations (Robertson and Campanella 1983) to estimate soil behavior types and equivalent 

Standard Penetration Test (SPT) values at each interval where data was recorded (i.e., every 5 cm).  In 

Situ Engineering’s detailed interpretation of soil behavior types and equivalent SPT values are presented 

on Figures A-7 through A-9. 

It should be noted that the published correlations used by In Situ Engineering, Inc. to develop 

their detailed logs are generally regarded as predictions of soil behavior rather than actual soil type.  

Factors such as changes in stress history, sensitivity, stiffness, and void ratio will influence the soil 

classifications when using the published correlations.  Accordingly, actual soil types at some or all of the 

CPT locations may vary from the soil types shown on In Situ Engineering’s interpreted logs.   

Furthermore, the soil and groundwater conditions depicted are only for the specific dates and locations 

reported and, therefore, are not necessarily representative of other locations and times. 
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Silty gravel; gravel/sand/silt mixture(s)

Silty sand; sand/silt mixture(s)

Clayey sand; sand/clay mixture(s)

Inorganic silt and very fine sand; rock flour; silty or clayey fine
sand or clayey silt with slight plasticity
Inorganic clay of low to medium plasticity; gravelly clay; sandy
clay; silty clay; lean clay

Organic silt; organic, silty clay of low plasticity

Inorganic silt; micaceous or diatomaceous fine sand

Inorganic clay of high plasticity; fat clay

Organic clay of medium to high plasticity; organic silt

MAJOR
DIVISIONS
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PT
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CH

Well-graded gravel; gravel/sand mixture(s); little or no fines

Pocket Penetrometer, tsf
Torvane, tsf
Photoionization Detector VOC screening, ppm
Moisture Content, %
Dry Density, pcf
Material smaller than No. 200 sieve, %
Grain Size - See separate figure for data
Atterberg Limits - See separate figure for data
Other Geotechnical Testing
Chemical Analysis

PP = 1.0
TV = 0.5

PID = 100
W = 10
D = 120

-200 = 60
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GT
CA

Groundwater

Code

SAMPLER TYPE

Code Description
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Sample Depth Interval

Recovery Depth Interval

Sample Identification Number

SAMPLE NUMBER & INTERVAL

TYPICAL
DESCRIPTIONS (2)(3)

Asphalt concrete pavement or Portland cement pavement
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Approximate water level at time of drilling (ATD)
Approximate water level at time other than ATD
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Clayey gravel; gravel/sand/clay mixture(s)

GRAPHIC
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Drilling and Sampling Key

Description
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for Archive or Analysis

GM

GP

GW
Poorly graded gravel; gravel/sand mixture(s); little or no fines

Well-graded sand; gravelly sand; little or no fines

Poorly graded sand; gravelly sand; little or no fines

Peat; humus; swamp soil with high organic content

CLEAN GRAVELGRAVEL AND
GRAVELLY SOIL

(Appreciable amount of
fines)

GRAVEL WITH FINES

(Little or no fines)

(More than 50% of
coarse fraction passed
through No. 4 sieve)

SAND AND
SANDY SOIL
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(More than 50% of
coarse fraction retained

on No. 4 sieve)

3.25-inch O.D., 2.42-inch I.D. Split Spoon
2.00-inch O.D., 1.50-inch I.D. Split Spoon
Shelby Tube
Grab Sample
Single-Tube Core Barrel
Double-Tube Core Barrel
2.50-inch O.D., 2.00-inch I.D. WSDOT
3.00-inch O.D., 2.375-inch I.D. Mod. California
Other - See text if applicable
300-lb Hammer, 30-inch Drop
140-lb Hammer, 30-inch Drop
Pushed
Vibrocore (Rotosonic/Geoprobe)
Other - See text if applicable
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SAND WITH FINES
(Appreciable amount of

fines)

HIGHLY ORGANIC SOIL

(Liquid limit greater than 50)

SILT AND CLAY

RK

DB

Rock (See Rock Classification)

(Liquid limit less than 50)

SILT AND CLAY

Wood, lumber, wood chips

GRAPHIC
SYMBOL

Construction debris, garbage

PAVEMENT

ROCK

WOOD

DEBRIS

OTHER MATERIALS TYPICAL DESCRIPTIONS
LETTER
SYMBOL

WD

> 30% and <
> 15% and <
>   5% and <

<

> 
_ 
_ 
_ 
_ 

Primary Constituent:
Secondary Constituents:

Additional Constituents:

Notes: 1.  USCS letter symbols correspond to symbols used by the Unified Soil Classification System and ASTM classification methods. Dual letter symbols
(e.g., SP-SM for sand or gravel) indicate soil with an estimated 5-15% fines. Multiple letter symbols (e.g., ML/CL) indicate borderline or multiple soil
classifications.

2.  Soil descriptions are based on the general approach presented in the Standard Practice for Description and Identification of Soils (Visual-Manual
Procedure), outlined in ASTM D 2488. Where laboratory index testing has been conducted, soil classifications are based on the Standard Test
Method for Classification of Soils for Engineering Purposes, as outlined in ASTM D 2487.

3.  Soil description terminology is based on visual estimates (in the absence of laboratory test data) of the percentages of each soil type and is defined
as follows:

4.  Soil density or consistency descriptions are based on judgement using a combination of sampler penetration blow counts, drilling or excavating
conditions, field tests, and laboratory tests, as appropriate.

 50% - "GRAVEL," "SAND," "SILT," "CLAY," etc.
 50% - "very gravelly," "very sandy," "very silty," etc.
 30% - "gravelly," "sandy," "silty," etc.
 15% - "with gravel," "with sand," "with silt," etc.
   5% - "with trace gravel," "with trace sand," "with trace silt," etc., or not noted.
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(FILL)

- pound on rock, blow count not
representative

Gray, clayey SILT with organics (stiff, wet)
(ALLUVIUM)

- grades very soft

Gray, SILT with sand (very soft, wet)

Gray, fine to medium SAND with silt
(medium dense, wet)

Gray, silty, fine to medium SAND (loose,
wet)
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Boring Completed 05/08/09. Total Depth of Boring = 39.0 ft.

 SPT N-Value 

10 20 30 40

Moisture Content (%)

20 40 60 80

 Fines Content (%) 

20 40 60 80
0

5

10

15

20

25

30

35

40

45
Notes:

S
am

pl
er

 T
yp

e

B
lo

w
s/

F
oo

t

T
es

t 
D

at
a

G
ro

un
dw

at
er

Liquid
Limit

05/08/09

S
am

pl
e 

N
um

be
r

&
 I

nt
er

va
l

LAI Project No: 133009.010

Non-Standard N-Value

G
ra

ph
ic

 S
ym

bo
l

D
ep

th
 (

ft)

U
S

C
S

 S
ym

bo
l

Logged By:

Drilled By:

SOIL PROFILE

Ground Elevation (ft):

Drilling Method:

Holocene Drilling Inc.

SAMPLE DATA

Date:

Mud Rotary

Plastic
Limit
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2.  Reference to the text of this report is necessary for a proper understanding of subsurface conditions.
3.  Refer to "Soil Classification System and Key" figure for explanation of graphics and symbols.
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Gray SILT with organics (very soft, wet)

- interbedded (3" thickness) light brown
clayey SILT

Gray SILT with trace sand, organics, and
wood (very soft to soft, wet)

Gray, clayey SILT with scattered fine
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Gray, sandy SILT (very soft to soft, wet)

- with occasional fine roots

Gray, sandy SILT with wood (soft to medium
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1.  Stratigraphic contacts are based on field interpretations and are approximate.
2.  Reference to the text of this report is necessary for a proper understanding of subsurface conditions.
3.  Refer to "Soil Classification System and Key" figure for explanation of graphics and symbols.
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Gray, very sandy SILT with scattered fine
organics (soft to medium stiff, wet)
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fine roots

Light gray SILT interbedded (1/16 to 1"
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1.  Stratigraphic contacts are based on field interpretations and are approximate.
2.  Reference to the text of this report is necessary for a proper understanding of subsurface conditions.
3.  Refer to "Soil Classification System and Key" figure for explanation of graphics and symbols.
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W = 39
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-200 = 86
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W = 55
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W = 47
-200 = 60
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MH

ML

ML

ML
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MH
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Dark brown to light brown, SILT with trace
fine sand with abundant organics and roots
(medium stiff, wet)

(ALLUVIUM)

Brown to gray, very sandy SILT with roots
(very soft to soft, wet)

Gray SILT with organics and roots (very soft
to soft, wet)

Gray SILT with sand, organics, and roots
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Gray, clayey SILT with organics and roots
(very soft to soft, wet)

Gray, clayey SILT with organics and roots
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Gray, very sandy SILT with scattered
organics and wood (medium stiff, wet)

S-1

S-2A
S-2B

S-3

S-4

S-5

S-6

S-7

S-8

S-9

S-10

S-11

 SPT N-Value 

10 20 30 40

Moisture Content (%)

20 40 60 80

 Fines Content (%) 

20 40 60 80
0

5

10

15

20

25

30

35

40

45
Notes:

S
am

pl
er

 T
yp

e

B
lo

w
s/

F
oo

t

T
es

t 
D

at
a

G
ro

un
dw

at
er

Liquid
Limit

08/13/09

S
am

pl
e 

N
um

be
r

&
 I

nt
er

va
l

LAI Project No: 133009.010

Non-Standard N-Value

G
ra

ph
ic

 S
ym

bo
l

D
ep

th
 (

ft)

U
S

C
S

 S
ym

bo
l

Logged By:

Drilled By:

SOIL PROFILE

Ground Elevation (ft):

Drilling Method:

Holocene Drilling Inc.

SAMPLE DATA

Date:

Mud Rotary

Plastic
Limit

1.  Stratigraphic contacts are based on field interpretations and are approximate.
2.  Reference to the text of this report is necessary for a proper understanding of subsurface conditions.
3.  Refer to "Soil Classification System and Key" figure for explanation of graphics and symbols.
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10

13

12

75

11

4

W = 36
-200 = 28

W = 48
-200 = 54

W = 46

W = 46
AL

W = 55

GT
W = 52

AL

W = 40

75

48

51

55.5

66

69.5

76

79

b2

b2

b2

b2

b2

b2

c3

b2

ML

SM

ML

ML

ML

MH

ML

Gray, very sandy SILT with scattered
organics and wood (medium stiff, wet)

Gray, silty, fine SAND with organics and
wood debris (medium dense, wet)

Gray, very sandy SILT interbedded (1/16"
thickness) with organics (stiff, wet)

Gray, clayey SILT with fine organics and
trace wood (stiff, wet)

- decreasing wood

Light gray, SILT interbedded (1/4" thickness)
of scattered organics and wood (hard, wet)

(VOLCANIC ASH)

Gray, clayey SILT with scattered fine
organics (stiff, wet)

(ALLUVIUM)

Gray SILT with sand and wood (soft to
medium stiff, wet)

S-12A
S-12B

S-13

S-14

S-15

S-16

S-17

S-18

S-19

Boring Completed 08/13/09. Total Depth of Boring = 79.0 ft.
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Limit

1.  Stratigraphic contacts are based on field interpretations and are approximate.
2.  Reference to the text of this report is necessary for a proper understanding of subsurface conditions.
3.  Refer to "Soil Classification System and Key" figure for explanation of graphics and symbols.
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20

3

0

0

2

8

2

3

8

COR
W = 26

W = 74

GT
W = 63

AL

W = 63

W = 75
AL

W = 54
W = 31

-200 = 17

W = 81

GT
W = 107

AL

W = 77

W = 50

5.5

11

17

28.5

31

34.5

37.5

h2

b2

b2

c3

b2

b2

b2

b2

c3

b2

b2

SM

ML

MH/
OH

MH

SP/
ML

MH

CH/
OH

MH

Brown, silty, fine to medium SAND with
roots and trace gravel (medium dense, wet)

(FILL)

Gray-brown SILT with abundant organics,
roots, and wood and interbedded (1/4" to
1/2" thickness) with silty fine SAND (soft,
wet)

(ALLUVIUM)

Gray, clayey SILT with fine organics and
wood (very soft, wet)

Gray, clayey SILT with organics and wood
(very soft to soft, wet)

Gray, fine to medium SAND interbedded
(1/4" thickness) with SILT (loose, wet)

Gray, clayey SILT with organics and roots
(soft, wet)

Gray, silty CLAY with organics and roots
(soft, wet)

Gray, clayey SILT with organics and roots
(soft to medium stiff, wet)

- vertical direction organics

LL = 131
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Limit

1.  Stratigraphic contacts are based on field interpretations and are approximate.
2.  Reference to the text of this report is necessary for a proper understanding of subsurface conditions.
3.  Refer to "Soil Classification System and Key" figure for explanation of graphics and symbols.
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11

W = 63
AL

W = 54

W = 43
AL

W = 55

W = 74

W = 78

AL=NP
W = 73

W = 38

56

67

77

79

b2

b2

b2

c3

b2

b2

b2

b2

b2

b2

MH

ML

ML

ML

Gray, clayey SILT with organics and roots
(soft to medium stiff, wet)

Gray SILT with organics (medium stiff to
stiff, wet)

- increasing sand with depth

Light gray SILT with organics (very stiff, wet)
(VOLCANIC ASH)

- grades trace organics

- grades with occasional interbedded (1/8" to
1/4" thickness) SAND and organics

Gray, SILT with sand and occasional
scattered fine organics (stiff, wet)

(ALLUVIUM)
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S-14

S-15

S-16
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Boring Completed 08/14/09. Total Depth of Boring = 79.0 ft.
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1.  Stratigraphic contacts are based on field interpretations and are approximate.
2.  Reference to the text of this report is necessary for a proper understanding of subsurface conditions.
3.  Refer to "Soil Classification System and Key" figure for explanation of graphics and symbols.
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Longview Regional
Water Treatment Plant
Longview, Washington

Log of CPT Sounding CPT-101
Figure

Longview Regional Water Treatment Plant | V:\133\009\010\011\Longview Regional Water Treatment Plant\D\Figure A-7.dwg (A) "Figure A-7" 3/11/2010

Note

1. Black and white reproduction of this color
original may reduce its effectiveness and
lead to incorrect interpretation.
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APPENDIX B 
LABORATORY TESTING 

Natural  moisture content determinations, fines content determinations, Atterberg limit 

determinations and one-dimensional consolidation tests were performed on selected samples to aid in soil 

classification and the determination of engineering properties.  Laboratory testing was performed in 

general accordance with the ASTM standard test procedures, which are described below.  The samples 

were checked against the field log descriptions, which were updated where appropriate in general 

accordance with ASTM D2487, Standard Test Method for Classification of Soils for Engineering 

Purposes.   

Corrosion testing was completed on selected samples obtained from the borings.  Results of the 

corrosion tests will be considered by other members of the design team to assist with material selection 

decisions for foundations, utilities, and other buried components of the proposed improvements. 

 

NATURAL MOISTURE CONTENT 

Natural moisture content determinations were performed on selected soil samples recovered from 

the borings in general accordance with ASTM D2216.  The natural moisture content of a sample is 

defined as the ratio of the mass of water lost during drying versus the total mass of the oven-dried (105ºC) 

sample, assuming that the sample received by the lab is representative of the in situ moisture condition.  

The results of these tests are plotted at the respective sample depth on the exploration logs, as indicated in 

the column labeled “Test Data” on the summary boring logs in Appendix A and the summary test pit logs 

in Appendix A.   

 

SIEVE ANALYSIS 

A grain size analyses was performed on a single soil sample obtained from borings B-10 in 

accordance with ASTM D422 to provide an indication of the grain size distribution.  The sample selected 

for grain size analysis is designated with a “GS” entry in the column labeled “Test Data” on Figure A-3 in 

Appendix A.  The result of the grain size analysis is presented on Figure B-1 in the form of grain size 

distribution curve. 

 

FINES CONTENT 

The fines content (the percentage of material passing the U.S. Standard No. 200 sieve) of selected 

soil samples obtained from our exploratory borings were determined in general accordance with ASTM 

D1140 test procedures.  The percentages of particles passing the U.S. Standard No. 200 Sieve is shown as 
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-200=xx (percent of dry weight) at the respective sample depth in the column labeled “Test Data” on the 

summary boring logs in Appendix A.   

 

ATTERBERG LIMITS 

Atterberg limit determinations were performed on representative soil samples obtained from the 

borings in general accordance with ASTM D4318 to determine the liquid limit (LL), plastic limit (PL), 

and plasticity index (PI).  The results of the Atterberg limit determinations are presented on Figures B-2 

and B-3.  Samples in which Atterberg limit determinations were completed are designated by “AL” in the 

column labeled “Test Data” in Appendix A and are also shown graphically on the summary boring logs in 

Appendix A. 

 

CONSOLIDATION TESTS 

The consolidation characteristics of selected fine-grained soil samples obtained from the 

exploratory borings were determined at Soil Technology, Inc. laboratory in general accordance with  

ASTM D2435 test procedures.  The consolidation test results are included in the Soil Technology reports, 

which are included in Appendix B.  Samples for which this test was completed are designated by “GT” in 

the column labeled “Test Data” on the summary logs. 

 

CORROSION TESTING 

Representative soil samples obtained from the borings were subjected to a suite of tests to 

estimate the corrosive potential of the near-surface soils.  The corrosion testing was completed by 

Analytical Resources, Inc. (ARI) of Tukwila, Washington under subcontract to Landau Associates.  The 

Redox Potential was determined in accordance with Method SM 2580 test procedure.  The pH was 

determined in accordance with the SW9045 test procedure.  Sulfides were determined in accordance with 

the EPA 376.2 test procedure.  The Minimum Resistivity was determined in accordance with the ASTM 

G 57 test procedure.  Preserved total solids were determined in accordance with the EPA 160.3 test 

procedure.  Samples in which corrosion testing was completed are designated by “COR” in the column 

labeled “Test Data” in Appendix A.  The results of the testing are summarized in the main portion of this 

report.  The data package prepared by ARI is included as an attachment to this appendix. 
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SOIL TECHNOLOGY
Bainbridge Island, WA 5
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SOIL TECHNOLOGY
Bainbridge Island, WA 6
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SOIL TECHNOLOGY
Bainbridge Island, WA 7
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SOIL TECHNOLOGY
Bainbridge Island, WA

Source: B-102 Sample No.: S-9 Elev./Depth: 36.2-36.3 ft.
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SOIL TECHNOLOGY
Bainbridge Island, WA 5
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SOIL TECHNOLOGY
Bainbridge Island, WA 6
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SOIL TECHNOLOGY
Bainbridge Island, WA 7
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SOIL TECHNOLOGY
Bainbridge Island, WA

Source: B-102 Sample No.: S-18 Elev./Depth: 72.7-72.8 ft.
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Bainbridge Island, WA 5

Source: B-102 Sample No.: S-18 Elev./Depth: 72.7-72.8 ft.

Square Root of Elapsed Time (min.)

D
ia

l R
ea

di
ng

 (i
n.

)

0.00 0.75 1.50 2.25 3.00 3.75 4.50 5.25 6.00 6.75 7.50

.00491

.00516

.00541

.00566

.00591

.00616

.00641

.00666

.00691

.00716

.00741

t90
Load #2
0.06 tsf

Cv @ 3.62 min.=
0.58 ft.2/day

Source: B-102 Sample No.: S-18 Elev./Depth: 72.7-72.8 ft.

Square Root of Elapsed Time (min.)

D
ia

l R
ea

di
ng

 (i
n.

)

0.00 0.75 1.50 2.25 3.00 3.75 4.50 5.25 6.00 6.75 7.50

.00878

.00953

.01028

.01103

.01178

.01253

.01328

.01403

.01478

.01553

.01628

t90
Load #3
0.13 tsf

Cv @ 2.80 min.=
0.74 ft.2/day

Source: B-102 Sample No.: S-18 Elev./Depth: 72.7-72.8 ft.

Square Root of Elapsed Time (min.)

D
ia

l R
ea

di
ng

 (i
n.

)

0.00 0.75 1.50 2.25 3.00 3.75 4.50 5.25 6.00 6.75 7.50

.01821

.01946

.02071

.02196

.02321

.02446

.02571

.02696

.02821

.02946

.03071

t90
Load #4
0.25 tsf

Cv @ 3.23 min.=
0.63 ft.2/day



Project:
Project No.:

Dial Reading vs. Time

Source: B-102 Sample No.: S-18 Elev./Depth: 72.7-72.8 ft.

Longview Water Treatment Plant
Project No. 133009.010.011

J -09-2326

Square Root of Elapsed Time (min.)

D
ia

l R
ea

di
ng

 (i
n.

)

0.00 0.75 1.50 2.25 3.00 3.75 4.50 5.25 6.00 6.75 7.50

.032

.034

.036

.038

.040

.042

.044

.046

.048

.050

.052

t90
Load #5
0.50 tsf

Cv @ 3.13 min.=
0.62 ft.2/day

Figure

SOIL TECHNOLOGY
Bainbridge Island, WA 6

Source: B-102 Sample No.: S-18 Elev./Depth: 72.7-72.8 ft.
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SOIL TECHNOLOGY
Bainbridge Island, WA 7

Source: B-102 Sample No.: S-18 Elev./Depth: 72.7-72.8 ft.

Square Root of Elapsed Time (min.)

D
ia

l R
ea

di
ng

 (i
n.

)

0.00 0.75 1.50 2.25 3.00 3.75 4.50 5.25 6.00 6.75 7.50

.0962

.0967

.0972

.0977

.0982

.0987

.0992

.0997

.1002

.1007

.1012

t90
Load #10
1.00 tsf

Cv @ 1.15 min.=
1.49 ft.2/day

Source: B-102 Sample No.: S-18 Elev./Depth: 72.7-72.8 ft.

Square Root of Elapsed Time (min.)

D
ia

l R
ea

di
ng

 (i
n.

)

0.00 0.75 1.50 2.25 3.00 3.75 4.50 5.25 6.00 6.75 7.50

.103

.104

.105

.106

.107

.108

.109

.110

.111

.112

.113

t90
Load #11
2.00 tsf

Cv @ 1.32 min.=
1.28 ft.2/day

Source: B-102 Sample No.: S-18 Elev./Depth: 72.7-72.8 ft.

Square Root of Elapsed Time (min.)

D
ia

l R
ea

di
ng

 (i
n.

)

0.00 0.75 1.50 2.25 3.00 3.75 4.50 5.25 6.00 6.75 7.50

.118

.121

.124

.127

.130

.133

.136

.139

.142

.145

.148

t90
Load #12
4.00 tsf

Cv @ 2.37 min.=
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SOIL TECHNOLOGY
Bainbridge Island, WA 8

Source: B-102 Sample No.: S-18 Elev./Depth: 72.7-72.8 ft.
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Cv @ 2.12 min.=
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Cv @ 2.89 min.=
0.45 ft.2/day
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SOIL TECHNOLOGY
Bainbridge Island, WA 9

Source: B-102 Sample No.: S-18 Elev./Depth: 72.7-72.8 ft.
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SOIL TECHNOLOGY
Bainbridge Island, WA

Source: B-103 Sample No.: S-4 Elev./Depth: 16.5-16.6 ft.
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SOIL TECHNOLOGY
Bainbridge Island, WA 6

Source: B-103 Sample No.: S-4 Elev./Depth: 16.5-16.6 ft.
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Cv @ 0.75 min.=
2.76 ft.2/day
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SOIL TECHNOLOGY
Bainbridge Island, WA 7

Source: B-103 Sample No.: S-4 Elev./Depth: 16.5-16.6 ft.
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SOIL TECHNOLOGY
Bainbridge Island, WA 8

Source: B-103 Sample No.: S-4 Elev./Depth: 16.5-16.6 ft.
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SOIL TECHNOLOGY
Bainbridge Island, WA 9

Source: B-103 Sample No.: S-4 Elev./Depth: 16.5-16.6 ft.
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Cv @ 1.34 min.=
1.29 ft.2/day
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Cv @ 0.43 min.=
3.37 ft.2/day
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SOIL TECHNOLOGY
Bainbridge Island, WA 10

Source: B-103 Sample No.: S-4 Elev./Depth: 16.5-16.6 ft.
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 --- OHM-stiff, moist, grey-green organic CLAY
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Figure

SOIL TECHNOLOGY
Bainbridge Island, WA

Source: B-103 Sample No.: S-9 Elev./Depth: 36.1-36.2 ft.



Project:
Project No.:

Dial Reading vs. Time

Source: B-103 Sample No.: S-9 Elev./Depth: 36.1-36.2 ft.

Longview Water Treatment Plant
Project No. 133009.010.011

J -09-2326

Square Root of Elapsed Time (min.)

D
ia

l R
ea

di
ng

 (i
n.

)

0.00 0.75 1.50 2.25 3.00 3.75 4.50 5.25 6.00 6.75 7.50

.00154

.00169

.00184

.00199

.00214

.00229

.00244

.00259

.00274

.00289

.00304

t90
Load #1
0.03 tsf

Cv @ 0.86 min.=
2.47 ft.2/day

Figure

SOIL TECHNOLOGY
Bainbridge Island, WA 7

Source: B-103 Sample No.: S-9 Elev./Depth: 36.1-36.2 ft.
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APPENDIX C

Logs of Previous Explorations 
 

















APPENDIX C

NOAA Fisheries News Release







APPENDIX D

City of Longview Zoning, Comp Plan and
 Critical Areas Maps
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APPENDIX E

Public Involvement and Interagency
Coordination Documentation











Data Source: ESRI 2008
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APPENDIX F

Wetland Documentation



US Army Corps of Engineers 

Wetland Permit 











































State Department of Ecology 
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Habitat Technologies 

Site Monitoring Documentation 2008 & 2009  

with Appendix A Only 



HABITAT TECHNOLOGIES     

wetlands, streams, fisheries, wildlife – mitigation and permitting solutions    09012 
P.O. Box 1088, Puyallup, Washington 98371 

                      voice 253-845-5119     fax 253-841-1942     habitattech@qwestoffice.net

October 17, 2007 

Mr. Josh Johnson, PE 
@ City of Longview Street/Stormwater Manager 
@ City of Longview 
1525 Broadway 
Longview, Washington 98632 

MINT FARM 2 – WETLAND MITIGATION PROGRAM 
YEAR-TWO (2009) MONITORING REPORT 

US Army Corps of Engineers Reference Number 1998-4-00832 
WDOE Water Quality Certification Order #1998-4-00832 

Dear Mr. Johnson,

Pursuant to the provisions outlined in the FINAL WETLAND ASSESSMENT, 
COMPENSATORY MITIGATION PLAN, AND PERFORMANCE MONITORING 
PROGRAM dated September 15, 2000 and subsequently formalized in the WETLAND 
MITIGATION AND SITE GRADING IMPROVEMENTS plan sheets dated May 26, 2006 
Habitat Technologies has completed the year-two (2009) monitoring assessment to 
evaluate the compensatory mitigation program undertaken to meet the requirements of 
the Seattle District US Army Corps of Engineers Reference Number 1998-4-00832 and 
the Washington State Department of Ecology Water Quality Certification Order #1998-
4-00832.  The overall mitigation program is a specific element in the development of the 
second phase of the City of Longview Mint Farm Industrial Park.     

COMPENSATORY MITIGATION PROGRAM

The compensatory wetland mitigation program has been developed and implemented to 
ensure that there shall be "no net loss" of wetland acreage, functions, or value 
associated with the development of Phase Two of the Mint Farm Industrial Park.  Phase 
Two of the Mint Farm Industrial Park project site is approximately 310 acres in size and 
comprises the central and eastern portions of the approximately 435 acre site 
commonly referred to as the “Mint Farm.”  Phase One, the western approximately 125 
acres of the “Mint Farm,” is also owned by the City of Longview and is presently well 
underway in its development into Phase One of the Mint Farm Industrial Park.

The project design documents and the final mitigation detailed plans have been 
developed in conjunction with oversight review and comment provided by the Seattle 
District US Army Corps of Engineers, the Washington Department of Ecology, and the 
City of Longview.  The final mitigation design focused on the creation of three, bermed 
cells leading from south to north.  The cells were formed through the re-contouring of 
the mitigation area.  Hydrology patterns within these cells were designed to be 
supported by seasonal stormwater runoff directed into the cells through the created 



    2
  09012

stormwater facilities associated with the developed uplands, seasonal high ground 
water levels, and surface water outlet control for each cell.  Each cell was further 
designed to provide seasonal ponding at levels suitable to support and sustain selected 
areas dominated by mixed tree and shrubs plant communities, mixed shrub plant 
communities, and emergent plant communities.  Following the creation of the cells the 
mitigation area was planted with a variety of native species and enhanced through the 
placement of a variety of habitat features. 

GOAL OF THE MITIGATION PROGRAM

The GOAL of the Compensatory Mitigation Program is to fully compensate for the 
required, unavoidable modifications to onsite wetlands which are identified as “Waters 
of the United States” and “Waters of the State.”  Full compensation shall be provided 
through the creation of new wetland and the restoration and enhancement of existing 
degraded onsite wetland.  In addition, the Compensatory Mitigation Program includes 
the development of a native growth buffer along the onsite wetlands which shall be 
retained and enhanced as a part of the Compensatory Mitigation Program.

To establish whether the defined project GOAL has been met a series of OBJECTIVES
and PERFORMANCE CRITERIA have been established to apply to the compensatory 
mitigation program. 

Objective A.  Site design shall focus on excavation and final surface elevations 
within the created and restored wetland areas to establish an early growing season 
(March - April) water regime dominated by at least 6 inches of standing water over 80% 
of the created wetland area.

Performance Criteria:  The created and restored wetland areas shall exhibit an 
early growing season (March - April) water regime of at least 6 inches of 
standing water over 80% of the wetland adequate to meet the established 
criteria for wetland hydrology as defined within the 1987 Manual and the 
Wash. Manual. 

Objective B.  The compensatory mitigation wetland area shall exhibit emergent, 
scrub/shrub, and sapling tree vegetation classes within ten years following initial 
planting (palustrine, emergent - scrub/shrub, seasonally flooded - PEMC, and PSSC). 

Performance Criteria:

a). At the end of the first year following initial (Year 1 Planting) planting 100% of 
the planted trees and shrubs and 50% of the emergents planted shall be 
alive.

b). As defined by Canopy Coverage Method sampling (0.25 m2 plot frame) the 
emergent plant community within the restored and created wetland areas 
shall exhibit an 80% coverage within ten years following initial planting.  As 
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defined by specific measurements of aerial coverage within the identified 
representative sample plots the scrub/shrub and sapling vegetation class 
shall exhibit 75% aerial coverage within ten years following initial planting. 

The identified canopy coverage criteria to be applied at the end of the fall 
monitoring period for each sample year for the emergent community and the 
shrub/sapling tree community (combined planted and natural recruitment) are 
identified as: 

MONITORING YEAR EMERGENT COMMUNITY SHRUB AND SAPLING 
COMMUNITY 

1 year after planting 25% minimum cover 10% minimum cover 
2 years after planting 50% minimum cover 15% minimum cover 
3 years after planting 80% minimum cover 25% minimum cover 
4 years after planting 80% minimum cover 35% minimum cover 
6 years after planting 80% minimum cover 45% minimum cover 
8 years after planting 80% minimum cover 55% minimum cover 

10 years after planting 80% minimum cover 75% minimum cover 

Objective C.  The established protective buffer around the compensatory 
mitigation wetland area shall exhibit scrub/shrub and sapling vegetation classes within 
ten years following initial planting. 

Performance Criteria:

a). At the end of the first year following initial (Year 1 Planting) planting 100% of 
the planted trees and shrubs and 50% of the emergents planted shall be 
alive.

b). As defined by specific measurements of aerial coverage within the identified 
representative sample plots within the protective buffer the scrub/shrub and 
sapling vegetation class shall exhibit 75% aerial coverage within ten years 
following initial planting. The identified canopy coverage criteria to be applied 
at the end of the fall monitoring period for each sample year for the 
shrub/sapling tree community (combined planted and natural recruitment) are 
identified as: 

MONITORING YEAR SHRUB AND SAPLING COMMUNITY 
1 year after planting 10% minimum cover 

2 years after planting 15% minimum cover 
3 years after planting 25% minimum cover 
4 years after planting 35% minimum cover 
6 years after planting 45% minimum cover 
8 years after planting 55% minimum cover 

10 years after planting 75% minimum cover 
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Objective D.  The compensatory mitigation wetland area shall provide nesting 
and cover habitat for a minimum of eight (8) passerine birds and three (3) waterfowl 
species common to the area within ten years. 

Performance Criteria:

a). The use of the compensatory mitigation wetland area (both created and 
retained) by passerine, waterfowl, and other wildlife species common to the 
project area shall be documented through direct observations and photo 
documentation.  The diversity of plant species being installed within the 
created and restored wetlands has been identified to use native trees, shrubs, 
and emergents that provide a wide diversity of habitat types (i.e. food, nesting 
opportunity, cover) and habitat structural diversity.

Objective E. The buffer areas shall provide nesting and cover habitat for (8) 
passerine birds and three (3) mammal species common to the area within ten years. 

Performance Criteria:

a). The use of the established protective buffer area by passerine birds and other 
wildlife species common to the project area shall be documented through 
direct observations and photo documentation.  The diversity of plant species 
being installed within the protective buffer has been identified to use native 
trees, shrubs, and emergents that provide a wide diversity of habitat types 
(i.e. food, nesting opportunity, cover) and habitat structural diversity.   

IMPLEMENTATION CONCLUSIONS

Implementation of the compensatory wetland mitigation program was begun during the 
late summer of 2006 and completed during the summer of 2007.  During the 
implementation of this program Habitat Technologies provided construction oversight.
Upon the completion of implementation actions Habitat Technologies established 28 
sample plots to be used to evaluate overall plant survival and establishment.  In 
addition, three (3) staff gages were installed upstream of the control weirs for the 
created wetland cells.  Habitat Technologies identified the following findings, 
observations, and conclusions during the implementation process: 

� A preconstruction, team meeting was held on August 9, 2006 to review the overall 
intent of the mitigation program and to assign initial site development tasks.   

� Immediately following the preconstruction team meeting the project team reviewed 
the mitigation project site and identified the project work areas.  The outer boundary 
of the mitigation project site was identified by survey and protective silt fencing was 
installed around the entire perimeter. 
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� Immediately following the placement of the protective silt fencing the project team 
removed the existing invasive vegetation from the work areas.  The removed 
vegetation (i.e. blackberries, Scots broom, and iris) was taken off the mitigation area 
and disposed within the identified soil disposal site located to the west of the 
mitigation area.

� Prior to the start of the re-contouring of the mitigation area the project team 
established representative elevation points.  These established points were utilized 
throughout the mitigation process to ensure that the design criteria were being met. 

� Initial site re-contouring began with the creation of the upland berm along the 
western side of the mitigation area.  Following the establishment of this berm the 
mitigation area was staked for grading.  Preliminary planning had identified that the 
wetland mitigation area would be constructed in phases as the adjacent properties 
were developed as a part of the Mint Farm Industrial Park.  However, at the 
selection of the project proponent the entire mitigation area was created as a single 
project.

� The creation of the mitigation area was completed generally from east to west.
Throughout this process onsite elevations were continuously monitored and staked 
to ensure that the design criteria were being met.  Removed soils were conveyed to 
the soil disposal areas to the west and southeast of the mitigation area.  The soil 
disposal areas were located within areas of the future Mint Farm Industrial Park. 

� Initial mitigation planning identified that the wetland areas would be over excavated 
and then refilled to match the final contour with clear topsoil suitable to support 
native vegetation.  However, following an assessment of the exposed soil surface 
Habitat Technologies determined that the exposed soil was suitable to support 
native vegetation.  As such, the over excavation and refilling process was not 
required to meet the design criteria.

� As the creation of the mitigation area progressed from east to west a variety of 
habitat features were installed following final site grading.  These habitat features 
included standing snags, stumps, downed logs, and log piles.  The placement of 
these habitat features was completed at the direction of Habitat Technologies and 
habitat features were identified to meet the design criteria. In addition, as a result of 
the removal of danger trees within the area offsite to the north a number of additional 
habitat features were available and were placed within the mitigation area.

� As the creation of the mitigation area progressed from east to west the project team 
installed the control weirs at the outlet of each cell.  As a part to this installation 
particular emphasis was placed on ensuring that the height of each weir was 
accurate and that the weir would not move significantly.  Initial site design identified 
that each weir would be “notched” as a part of the installation.  However, at the 
direction of Habitat Technologies the notch was not created within each weir at the 
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time of installation.  Instead, the notch shall be installed (if required) following an 
assessment of winter, spring, and early summer surface water elevations during 
2008 and 2009.  Should hydrology pattern monitoring suggest a need to raise a weir 
elevation additional wood shall be added to the weir as required. 

� As the creation of the mitigation area progressed from east to west the project team 
seeded the exposed soil within the wetland and wetpond with the identified 
emergent seed mix and the buffer area with the identified clover/grass seed mix.

� As the creation of the mitigation area progressed from east to west the project team 
began to plant selected areas.  Initial planting focused on the berm along the eastern 
portion of the mitigation area.  Plant installation began in January 2007 and 
continued through May 2007.  With the exception of a few species that were not 
available the mitigation area was planted with the species that met the design 
criteria.  Prior to installation Habitat Technologies inspected the plants and found 
them to be in good health and to meet the design criteria.

� Upon the completion of the planting actions Habitat Technologies established 28 
vegetation monitoring plots.  Each plot was composed of a 30-foot radius circle that 
originated at a tagged metal fence post.  The location of these vegetation monitoring 
plots are shown of the attachment.

� Upon the completion of the planting actions Habitat Technologies installed a staff 
gage directly upstream of the control weir for each created wetland cells.  The top of 
each staff gage was surveyed as a part of the final implementation graphic.  Reading 
from each staff gage shall be taken during the monitoring program to assess water 
surface elevations and perhaps to define whether or not a modification to any of the 
weirs would be required. 

� During the planting actions an irrigation system was installed throughout the 
mitigation area.  This irrigation system was activated during the summer of 2007. 

� Upon the completion of the planting actions the outer boundary of the compensatory 
mitigation area was posted with informational signs to help reduce potential adverse 
human intrusions.

� Throughout the implementation of the compensatory mitigation program Habitat 
Technologies photo documented onsite actions and site conditions.  Representative 
photos are attached to this implementation report. 

� A variety of wildlife was observed within the mitigation area during the 
implementation process.   
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YEAR-ONE (2008) MONITORING PROGRAM

Onsite monitoring was completed from the late winter (2007-2008) through the early fall 
of 2008.  Onsite monitoring actions included the assessment of surface water levels 
within each of the created cells, an assessment of plant survival and establishment 
within the created wetland and associated buffer areas, and observations of wildlife 
utilization of the mitigation area. 

2008 HYDROLOGY MONITORING 

During the late winter (2007-2008) through the early fall of 2008 Habitat Technologies 
monitored hydrology patterns within the compensatory wetland mitigation area.
Monitoring included documenting surface water levels at established staff gages located 
directly upstream of the control outlet weir for each created wetland cell and general 
meandering observations of seasonal surface water inundation and soil saturation.  The 
results of the staff gage observations are provided in Appendix A. 

2008 HYDROLOGY CONCLUSIONS 

� As observed during the late winter and spring of 2008 all three cells of the 
mitigation area exhibited either inundation or saturation at the surface to the 
outer boundary of the created wetland areas.   

� Areas of seasonal inundation were present within all three cells throughout the 
summer and early fall of 2008.  In addition, many areas remained saturated to 
the surface throughout the summer and early fall of 2008.  The extent of 
inundation throughout the summer and early fall of 2008 generally matched the 
areas identified for the establishment of emergent vegetation plant communities 
within the created wetland areas.

� The present level of the control weir for each of the created cells was identified 
as adequate to allow seasonal ponding or saturation to the surface throughout 
the created wetland areas.  From late winter through the middle of May 2008 
surface water was passing over all three weirs.  Surface water continued to pass 
over the northern and central weirs through the first week of June 2008.  By mid-
June 2008 surface water was no longer passing over any of the weirs. 

� No modification of the existing weir elevations or structures (i.e. notching) 
appeared necessary throughout the 2008 monitoring period.   

� As observed through the late winter and spring of 2008 the weirs did not leak 
around the edges.  The most southern stormwater pond weir leading into the 
southern cell exhibited a small leak at the base during the late winter of 2008.
Habitat Technologies repaired this small leak through the placement of a small 
amount of clean clay at the base of the weir boards.
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2008 VEGETATION MONITORING 

The general character of the plant communities establishing within the mitigation area 
was assessed during a number of meandering visits completed starting in the fall of 
2007 and continuing through the early fall of 2008.  Specific plant community 
assessment was completed at the 28 established sample plot locations on May 10 and 
September 22, 2008.  General plant community establishment was also evaluated 
during the hydrology monitoring visits noted above.  Documented plant counts for each 
established sample plot are provided in Appendix B. 

� As documented at the 28 established sample plots the combined survival of all 
plants installed during the implementation period through the end of the first full 
growing season was approximately 90%.  These combined survival counts 
included initially installed plants and the establishment of volunteer desirable 
native species.  Because of the basal spreading of the two species roses initially 
planted the formal counts of roses was combined into a single grouping.  For 
future monitoring the establishment of a single grouping for willows is also 
recommended.

� Overall plant community establishment exhibited good success through the early 
fall of 2008.  Observed plant mortality was generally similar between species and 
no particular species exhibited general failure. 

� In addition to the generally limited mortality typically observed immediately 
following initial planting there appeared to be two primary reasons for plant 
mortality through the fall of 2008.  The first reason appeared to be the completion 
of initial buffer planting within a few areas during the summer of 2007 and prior to 
the implementation of the irrigation system.  As such, these buffer plants became 
stressed by the fall of 2007 and did not survive.

The second reason appeared to be associated with initial planting locations and 
the observed late winter through early spring 2008 hydrology patterns.  For 
example, a few plants more typically associated with non-wetland hydrology were 
initially planted within or immediately adjacent to areas that exhibited wetland 
hydrology patterns.  These plants included the occasional Oregon grape, vine 
maple, or Douglas fir planted in outer edge of the created wetland areas or at the 
edge between the created wetland and the adjacent upland buffer.  As a second 
example, a few plants more typically associated with seasonal soil saturation 
were initially planted within areas that remained inundated throughout the late 
winter and early spring of 2008.  A number of Sitka spruce, Western red cedar, 
hawthrone, and crabapple plants were initially planted within the created wetland 
areas in areas believed to be inundated only for short periods of time during the 
winter.  However, very minor elevation differences throughout the created 
wetland resulted in a longer period of inundation.  Where possible Habitat 
Technologies was able to relocate a number of these plants into adjacent 
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wetland areas that did not exhibited long term inundation between the late winter 
and early spring of 2008. 

During the late spring of 2008 a number of plants were identified as dead within 
areas that had been managed by the application of herbicides.  The herbicides 
were used to control the establishment of non-native invasive within the buffer 
areas (i.e. yellow-flag iris, thistle, blackberries, Scots broom).  However, a minor 
amount of overspray appeared to hit the desirable species. 

� Many of the initially planted species were beginning to spread and produce 
fruit/seeds (i.e. roses, black twinberry, Indian plum, Pacific ninebark, and red 
flowering currant) during the 2008-growing season.

� Throughout much of the created wetland area the live stake willows exhibited 
exceptional leader growth during the 2008-growing season.     

� Those portions of the created wetland that were not inundated through early 
June 2008 exhibited a mixed variety of emergent species.  Throughout much of 
this non-inundated wetland area aerial coverage of emergent species exceeded 
85% at the end of the 2008-growing season.  Those areas of inundation 
throughout the 2008-growing season also exhibited a variety of emergent 
species and aerial coverage greater than 45%.   Observed emergent species 
included seeded and non-seeded sedge, rush, and grasses.  In addition, a wide 
variety of herbs were also becoming established throughout the created wetland 
and buffer areas. 

� The establishment of emergent species within the protective buffer area also 
exceeded an 85% aerial coverage through the 2008-growing season.  Observed 
emergent species included seeded and non-seeded grasses, and a wide variety 
of herbs. 

� Volunteer shrub and seedling tree species were becoming well established within 
the wetland and buffer areas.  Observed species included black cottonwood, red 
alder, willows, Douglas spiraea, and rose. 

� Non-native invasive species were present within the mitigation area.  However, 
these species did not appear to be adversely impacting the establishment of the 
more desirable species through the 2008-growing season. 

� Many planted were also identified as impacted by wildlife.  In particular, rabbits 
and rodents appeared to exhibit a selective affection for Oregon grape and 
Canada geese were noted to heavily graze the emergent plant communities.

� The outer boundary of the created wetland areas within each cell was identified 
and flagged during the fall of 2008.  The identified wetland edge was consistent 
with the initial construction documents. 
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2008 WILDLIFE OBSERVATIONS 

General observations of wildlife utilization of the mitigation area were completed as a 
part of the assessments of hydrology patterns and plant community establishment 
between the fall of 2007 through the fall of 2008.  These observations documented a 
wide variety of wildlife species utilizing the habitats provided by the mitigation area for 
feeding, cover, brood rearing, and nesting.  A list of these species is provided in 
Appendix C. 

The mitigation area provided habitats for a wide variety of waterfowl during the 2008-
growing season.  A number of migratory waterfowl flocks ranging from only a few 
individuals to several hundred individuals were observed within the mitigation area.  At 
least three species of waterfowl (Canada goose, common mallard, and blue-winged 
teal) and a number of passerine species (i.e. tree swallow, violet green swallow, song 
sparrow, red winged blackbird, Brewer’s blackbird, march wren, common snipe, 
American coot) were also observed nesting and rearing young within the mitigation area 
during the 2008-growing season.  Many other wildlife species were also noted within the 
mitigation area during the 2008-growing season (both as migrants and residents).   

Pacific treefrog and bullfrog tadpoles were observed within the mitigation area during 
the 2008-growing season. 

Wildlife utilization of the habitat features was also observed throughout the 2008-
growing season.  These features (both standing snags and downed logs) were used for 
perching, feeding, and cover.

YEAR-TWO (2009) MONITORING PROGRAM 

Onsite monitoring for “year-two” completed from the late winter (2008-2009) through the 
early fall of 2009.  Onsite monitoring actions mimicked the actions undertaken during 
“year-one” which included the assessment of surface water levels within each of the 
created cells, an assessment of plant survival and establishment within the created 
wetland and associated buffer areas, and observations of wildlife utilization of the 
mitigation area.  In addition, Habitat Technologies also coordinated the supplemental 
planting program prior to the start of the 2009-growing season as recommended at the 
end of the “year-one” monitoring program. 

SUPPLEMENTAL PLANTING PROGRAM 

Pursuant to the recommendations of the Year-One (2008) annual monitoring report a 
supplemental planting program was undertaken prior to the start of the 2009-growing 
season to replace those native trees and shrubs that did not survive the first growing 
season following initial planting.  As a part of the supplemental planting program Habitat 
Technologies met with the planting contractor prior to onsite planting to clearly outline 
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the planting areas and the mixture of native trees and shrubs to be planted within the 
areas.  In addition, Habitat Technologies was able to inspect all of the supplemental 
planting materials prior to installation.  Based on this inspection all of the supplemental 
planting materials (more than 6,000 native trees and shrubs) were identified in good 
health and to meet the identified sizes and numbers. 

During the supplemental planting Habitat Technologies visited the project site and met 
with the planting contractor to ensure that the native trees and shrubs were being 
placed in the appropriate locations and at the appropriate spacing.  At the completion of 
the supplemental planting all waste materials were removed by the planting contractor 
from the project site. 

As identified during and at the completion of the supplemental planting, the actions 
taken were consistent with the program description and the actions should help 
establish viable plant communities throughout the mitigation area.

2009 HYDROLOGY MONITORING 

From January 2009 through September 2009 Habitat Technologies monitored 
hydrology patterns within the compensatory wetland mitigation area.  Monitoring was 
completed consistent with the actions taken during the “year-one” monitoring period 
which included documenting surface water levels at established staff gages located 
directly upstream of the control outlet weir for each created wetland cell and general 
meandering observations of seasonal surface water inundation and soil saturation.  The 
results of the staff gage observations are provided in Appendix A. 

2009 HYDROLOGY CONCLUSIONS 

� As observed during the “year-two” monitoring period all three cells of the 
mitigation area exhibited either inundation or saturation at the surface to the 
outer boundary of the created wetland areas throughout the majority of the 2009-
growing season.

� Areas of permanent inundation were present within all three cells throughout the 
2009-growing season.  During the late summer of 2009 those areas of 
permanent inundation did not exceed 18 to 24 inches in ponded water depth.  In 
addition, many areas remained saturated to the surface throughout the 2009-
growing season.  The extent of inundation and saturation throughout the 2009-
growing season generally matched the observations noted during the 2008-
growing season.  Those areas identified for the establishment of emergent 
vegetation plant communities within the created wetland areas exhibited the 
longest period of inundation.   

� As with the 2008-growing season the present level of the control weir for each of 
the created cells was identified as adequate to allow seasonal ponding or 
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saturation to the surface throughout the created wetland areas during the 2009-
growing season.  However, within the southern portion of the southern cell (in the 
areas of Sample Plots #7 and #8) seasonal hydrology patterns during the late 
summer through early fall of 2009 appeared drier than observed during the 2008-
growing season.  While this southern portion exhibited seasonal hydrology 
adequate to create and sustain wetland conditions the lack of late growing 
season water appeared to allow for the establishment of non-desirable plant 
species more typical of non-wetland site conditions.  The lack of irrigation 
through the majority of the 2009-growing season appeared to be the primary 
reason for the establishment of non-desirable plant species. 

� As with the observations of the 2008 monitoring period, no modification of the 
existing weir elevations or structures (i.e. notching) appeared necessary 
throughout the 2009 monitoring period.

� As observed through the late winter and spring of 2009 the weirs did not leak 
around the edges.  In addition, the staff gages were still usable at the end of the 
2009-growing season.

2009 VEGETATION MONITORING 

The general character of the plant communities establishing within the mitigation area 
was assessed during a number of meandering visits completed starting in January 2009 
and continuing through September 2009.  Specific plant community assessments were 
completed at the 28 established sample plot locations on May 26 and September 21, 
2009.  General plant community establishment was also evaluated during the hydrology 
monitoring visits noted above.  Documented plant counts for each established sample 
plot are provided in Appendix B. 

� As documented at the 28 established sample plots the combined survival of all 
plants installed during the implementation period, together with the plants 
installed as a part of the supplemental planting and desirable volunteer plants 
through the end of the year-two full growing season was approximately 85%.
Because of the basal spreading of the two species roses initially planted the 
formal counts of roses was combined into a single grouping.  In addition, the 
willows and the Oregon grape were also combined into a single grouping for 
documentation.

� Within those areas identified to exhibit less than 80% survival the primary reason 
appeared associated with the lack of irrigation during the majority of the 2009-
growing season.  The lack of irrigation appeared hardest on those plants installed 
as a part of the supplemental planting program.  Plant mortalities were also 
higher in those areas generally associated with buffers or the higher elevation 
wetland areas.   
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� It is also important to note that a potential factor in overall plant mortality may be 
attributed to the seasonal hot and dry period during the summer of 2009 which 
set records. 

� Overall plant community establishment exhibited good success through the 
2009-growing season throughout many areas.  As documented in 2008 and 
again in 2009 observed plant mortality was generally similar between species 
and no particular species exhibited general failure. 

� Many of the planted species were spreading and producing fruit/seeds (i.e. 
roses, black twinberry, Indian plum, Pacific ninebark, and red flowering currant) 
during the 2009-growing season.

� Throughout much of the created wetland area the live stake willows exhibited 
exceptional leader growth during the 2009-growing season.     

� As with the 2008-growing season those portions of the created wetland that were 
not inundated through early June 2009 exhibited a mixed variety of emergent 
species.  Throughout much of this non-inundated wetland area aerial coverage of 
emergent species exceeded 95% at the end of the 2009-growing season.  Those 
areas of inundation throughout the 2009-growing season also exhibited a variety 
of emergent species and aerial coverage greater than 50%. Observed emergent 
species included seeded and non-seeded sedge, rush, and grasses.  In addition, 
a wide variety of herbs were also becoming established throughout the created 
wetland and buffer areas. 

� The establishment of emergent species within the protective buffer area also 
exceeded a 95% aerial coverage through the 2009-growing season.  Observed 
emergent species included seeded and non-seeded grasses, and a wide variety 
of herbs. 

� Volunteer shrub and seedling tree species were becoming well established within 
the wetland and buffer areas.  Observed species included Western paper birch, 
black cottonwood, red alder, willows, Douglas spiraea, and rose. 

� Non-native invasive species were present within the mitigation area.  However, 
with the exception of a few areas these species did not appear to be adversely 
impacting the establishment of the more desirable species through the 2009-
growing season.  Non-native invasive species were appearing to impact the 
establishment of desirable species within the southern portion of the southern 
cell and within the buffer areas along the southern and eastern portions of the 
mitigation area.  Scots broom in particular was becoming established along the 
buffer.  Reed canarygrass, iris, and blackberries were also present.

� Many planted were also identified as impacted by wildlife.  In particular, rabbits 
and rodents appeared to exhibit a selective affection for Oregon grape and 
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willows while Canada geese and other waterfowl were noted to heavily graze the 
emergent plant communities.

� The outer boundary of the created wetland areas within each cell was identified 
and flagged during the fall of 2008.  As observed during the 2009-growing 
season this identified wetland edge continued to be consistent with the initial 
construction documents. 

2009 WILDLIFE OBSERVATIONS 

General observations of wildlife utilization of the mitigation area were completed as a 
part of the assessments of hydrology patterns and plant community establishment from 
January 2009 through the September 2009.  These observations noted during the 2009-
growing season were similar with prior observations and documented a wide variety of 
wildlife species utilizing the habitats provided by the mitigation area for feeding, cover, 
brood rearing, and nesting. A list of these species is provided in Appendix C. 

The mitigation area once again provided habitats for a wide variety of waterfowl during 
the 2009-growing season.  A number of migratory waterfowl flocks ranging from only a 
few individuals to several hundred individuals were observed within the mitigation area.  
Three species of waterfowl (Canada goose, common mallard, and blue-winged teal) 
and a variety of passerine species (i.e. tree swallow, violet green swallow, song 
sparrow, red winged blackbird, Brewer’s blackbird, march wren, house sparrow, barn 
swallow, and purple finch) were also observed nesting and rearing young within the 
mitigation area during the 2009-growing season.  Many other wildlife species were also 
noted within the mitigation area during the 2009-growing season (both as migrants and 
residents).

Pacific treefrog, red legged frogs, and bullfrogs (tadpoles and adults) were observed 
within the mitigation area during the 2009-growing season. 

Wildlife utilization of the habitat features was observed throughout the 2009-growing 
season.  These features (both standing snags and downed logs) were used for 
perching, feeding, and cover.  Many of the downed habitat features were also well 
utilized by a variety of rodents and other wildlife species. 

REVIEW OF ESTABLISHED PERFORMANCE CRITERIA 

Upon the completion of the YEAR-TWO (2009) monitoring program the following review 
of the established performance criteria was undertaken.

Objective A.  Site design shall focus on excavation and final surface elevations 
within the created and restored wetland areas to establish an early growing season 
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(March - April) water regime dominated by at least 6 inches of standing water over 80% 
of the created wetland area.

Performance Criteria:  The created and restored wetland areas shall exhibit an 
early growing season (March - April) water regime of at least 6 inches of 
standing water over 80% of the wetland adequate to meet the established 
criteria for wetland hydrology as defined within the 1987 Manual and the 
Wash. Manual. 

Year-Two Observations:  As documented by onsite assessment the created 
wetland areas exhibited inundation during the late winter and early growing 
season of 2009.  As also noted in 2008, observed inundation patterns 
generally exceeded six (6) inches of depth well into early May 2009.  In 
addition, areas of inundation were once again noted throughout the 2009-
growing season.

Conclusion:  The onsite wetland areas exhibited seasonal hydrology patterns 
adequate to meet the established criteria for wetland hydrology as defined 
within the 1987 Manual and the Wash. Manual. This Performance Criterion 
was MET during the 2009-growing season.

Objective B.  The compensatory mitigation wetland area shall exhibit emergent, 
scrub/shrub, and sapling tree vegetation classes within ten years following initial 
planting (palustrine, emergent - scrub/shrub, seasonally flooded - PEMC, and PSSC). 

Performance Criteria:

a). At the end of the first year following initial (Year 1 Planting) planting 100% of 
the planted trees and shrubs and 50% of the emergents planted shall be 
alive.

Year-Two Observations:  As documented in the “year-one” monitoring report 
supplemental planting was required to meet the 100% survival criteria for 
trees and shrubs.

Conclusion:  Supplemental Planting was completed prior to the start of the 
2009-growing season.  The number of trees and shrubs required for 
supplemental planting was defined within the “year-one” monitoring report.
As such, this Performance Criterion has been MET. 

b). As defined by Canopy Coverage Method sampling (0.25 m2 plot frame) the 
emergent plant community within the restored and created wetland areas 
shall exhibit an 80% coverage within ten years following initial planting.  As 
defined by specific measurements of aerial coverage within the identified 
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representative sample plots the scrub/shrub and sapling vegetation class 
shall exhibit 75% aerial coverage within ten years following initial planting. 

The identified canopy coverage criteria to be applied at the end of the fall 
monitoring period for each sample year for the emergent community and the 
shrub/sapling tree community (combined planted and natural recruitment) are 
identified as: 

MONITORING YEAR EMERGENT 
COMMUNITY

SHRUB AND SAPLING 
COMMUNITY

1 year after planting 25% minimum cover 10% minimum cover 
2 years after planting 50% minimum cover 15% minimum cover 
3 years after planting 80% minimum cover 25% minimum cover 
4 years after planting 80% minimum cover 35% minimum cover 
6 years after planting 80% minimum cover 45% minimum cover 
8 years after planting 80% minimum cover 55% minimum cover 

10 years after planting 80% minimum cover 75% minimum cover 

Year-Two Observations:  As documented by onsite assessment sapling trees 
and shrub plant community exhibited an aerial coverage greater than 25% at 
the end of the 2009-growing season.  The emergent plant community had 
become well established and exhibited an aerial coverage greater than 95% 
in the areas not total inundated throughout the end of the 2009-growing 
season, and greater than 50% in those areas inundated throughout the at the 
end of the 2009-growing season.

Conclusion: This Performance Criterion has been MET for Year-Two.

Objective C.  The established protective buffer around the compensatory 
mitigation wetland area shall exhibit scrub/shrub and sapling vegetation classes within 
ten years following initial planting. 

Performance Criteria:

a). At the end of the first year following initial (Year 1 Planting) planting 100% of 
the planted trees and shrubs and 50% of the emergents planted shall be 
alive.

Year-One Observations:  As documented by onsite assessment overall survival 
of initially planted trees and shrubs was approximately 90% at the end of the 
2008-growing season.  The emergent plant community had become well 
established and included a wide variety of grasses and herbs.  
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Year-Two Observations:  Supplemental planting completed prior to the start of 
the 2009-growing season has ensured that this Performance Criteria is MET. 

b). As defined by specific measurements of aerial coverage within the identified 
representative sample plots within the protective buffer the scrub/shrub and 
sapling vegetation class shall exhibit 75% aerial coverage within ten years 
following initial planting. 

The identified canopy coverage criteria to be applied at the end of the fall 
monitoring period for each sample year for the shrub/sapling tree community 
(combined planted and natural recruitment) are identified as: 

MONITORING YEAR SHRUB AND SAPLING COMMUNITY 
1 year after planting 10% minimum cover 
2 years after planting 15% minimum cover 
3 years after planting 25% minimum cover 
4 years after planting 35% minimum cover 
6 years after planting 45% minimum cover 
8 years after planting 55% minimum cover 

10 years after planting 75% minimum cover 

Year-Two Observations:  As documented by onsite assessment sapling trees 
and shrub plant community exhibited an aerial coverage greater than 25% at 
the end of the 2009-growing season.  The emergent plant community had 
become well established.

Conclusion: This Performance Criterion has been MET for Year-Two.

Objective D.  The compensatory mitigation wetland area shall provide nesting 
and cover habitat for a minimum of eight (8) passerine birds and three (3) waterfowl 
species common to the area within ten years. 

Performance Criteria:

a). The use of the compensatory mitigation wetland area (both created and 
retained) by passerine, waterfowl, and other wildlife species common to the 
project area shall be documented through direct observations and photo 
documentation.  The diversity of plant species being installed within the 
created and restored wetlands has been identified to use native trees, shrubs, 
and emergents that provide a wide diversity of habitat types (i.e. food, nesting 
opportunity, cover) and habitat structural diversity.
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Year-Two Observations:  The wetland portion of the mitigation area provided 
habitats for a wide variety of waterfowl during the 2009-growing season.  A 
number of migratory waterfowl flocks ranging from only a few individuals to 
several hundred individuals were observed within the mitigation area.  At least 
three species of waterfowl and a number of passerine species were also 
observed nesting and rearing young within the mitigation area during the 
2009-growing season.  Many other wildlife species were also noted nesting 
and rearing young within the mitigation area during the 2009-growing season.   

Conclusion: This Performance Criterion has been MET for Year-Two.

Objective E. The buffer areas shall provide nesting and cover habitat for (8) 
passerine birds and three (3) mammal species common to the area within ten years. 

Performance Criteria:

a). The use of the established protective buffer area by passerine birds and other 
wildlife species common to the project area shall be documented through 
direct observations and photo documentation.  The diversity of plant species 
being installed within the protective buffer has been identified to use native 
trees, shrubs, and emergents that provide a wide diversity of habitat types 
(i.e. food, nesting opportunity, cover) and habitat structural diversity.   

Year-Two Observations:  The established protective buffer area portion of the 
mitigation area provided habitats for a wide variety of wildlife during the 2008-
growing season.  A number of passerine species and a few mammal species 
were also observed nesting within the buffer areas during the 2009-growing 
season.

Conclusion: This Performance Criterion has been MET for Year-Two.

YEAR-TWO (2009) – RECOMMENDATIONS 

Based on the observations completed through the 2009-growing season the following 
recommendations are suggested to ensure the overall success of the mitigation 
program.

1. No additional planting appears required at this time to meet the established 
performance criteria.  Many of the plants are spreading well and forming dense, 
multi-stem clumps.  In addition, a number of volunteer, desirable species are 
becoming established within the wetland and buffer areas. 
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2. No modification of the existing weirs appears required.  Observed hydrology 
patterns presently ensures that 100% of the created wetland area meets the 
wetland hydrology criteria established within the Corps of Engineers Wetland 
Delineation Manual (1987 Manual) and the Washington State Wetlands 
Identification and Delineation Manual (Wash Manual). 

3. Control actions are required to ensure that non-native invasive species do not 
adversely impact the establishment of desirable species.  The actions begun 
during the summer of 2009 should continue to remove invasive shrubs - primarily 
Scots broom - prior to the spring of 2010.  The Scots broom should be pulled out 
and taken offsite for proper disposal.  Control actions should also continue 
through the 2010-growing season to limit the establishment of Scots broom, 
blackberries, iris, and reed canarygrass.

4. The existing irrigation system needs minor repair and should be utilized during 
the 2010-growing season.   

MONITORING AND MAINTENANCE 

As outlined in the project approval documents a ten-year monitoring program has 
begun to ensure the success of the wetland mitigation program as defined by the 
established performance criteria above.

MONITORING 
YEAR

HYDROLOGY 
MONITORING  

VEGETATION MONITORING ANNUAL 
REPORT 

YEAR 1 Completed Completed Completed 
herein

YEAR 2 Completed Completed Completed
herein

YEAR 3 once a week between 
the first of February 

and the end of June, 
and once a month 

between the first of 
July and the end of 

January

SPRING
on or about April 15, 2010

FALL
on or about Sept. 15, 2010 

FLAG WETLAND EDGE

report due 
Oct. 1, 2010

YEAR 4 SPRING
on or about April 15, 2011

FALL
on or about Sept. 15, 2011 

report due 
Oct. 1, 2011

YEAR 6 SPRING
on or about April 15, 2013

FALL
on or about Sept. 15, 2013 

FLAG WETLAND EDGE

report due 
Oct. 1, 2013
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YEAR 8 SPRING
on or about April 15, 2015

FALL
on or about Sept. 15, 2015 

report due 
Oct. 1, 2015

YEAR 9 FLAG WETLAND EDGE Fall 2016
YEAR 10 SPRING

on or about April 15, 2017
FALL

on or about Sept. 15, 2017 

FINAL

REPORT 

DUE
Oct. 1, 2017

LESSONS LEARNED 

The undertaking of a compensatory mitigation program of this size carries with it several 
items which fall into the category of “lessons learned.”  As noted in prior monitoring and 
during the “year-two” monitoring these lessons include: 

1. The initial excavation to create the wetland areas required extensive onsite 
verification and re-verification of proposed site contours.  This means very close 
coordination between the onsite implementation team and the onsite biologist. 

2. The creation of this wetland mitigation program required the placement of control 
weirs at the outlet of the three wetland cells and at the outlets of the various 
stormwater facilities located adjacent to the wetland cells.  Initial site planning 
identified specific elevations and the final notching of outlet of the three wetland cells 
as a part of the initial installation.  The final notching of these weirs was designed to 
control water surface elevations a matter of a few inches.  However, during 
installation and at the direction of Habitat Technologies the final notching of these 
weirs was not completed.  Instead, the final notching of these weirs was put on hold 
pending an evaluation of the early growing season hydrology patterns within the 
created wetland cells.  If the fine-tuning of the weirs was identified as required then 
such fine-tuning would be completed by Habitat Technologies following the 
assessment of hydrology patterns.  As defined during the 2008-growing season and 
again during the 2009-growing season no modification to the outlet weirs for the 
three wetland cells was required.  The elevation of the present outlet weirs allows 
seasonal inundation throughout the majority of the created wetland areas and 
saturation throughout the created wetland areas.  A minor modification of the weir 
elevation at the very southern end of the southern cell may be required once 
adjacent land development begins.  At present the level of the outlet weir for the 
southern cell is at the same level as the outlet weir of the southern stormwater pond 
leading into the southern cell. 
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3. The implementation of the planting program also required close coordination 
between the planting contractor and the onsite biologist for the initial planting and 
the 2009 supplemental planting.  This coordination allowed for the selection of 
alternative species and the identification of planting areas consistent with created 
hydrology patterns.  The initial planting plan identified the placement of coniferous 
trees within areas that would remain inundated well into the spring.  As such, onsite 
planting located these coniferous trees within small topographic mounds and into 
wetland areas that would not remain inundated well into the spring.  This onsite 
modification did not require a major change in the planting plan – just a fine-tuning of 
the planting plan. 

4. The initial planting of some of the buffer areas was completed during the summer 
and fall of 2007 – prior to the installation of the irrigation system.  Since these buffer 
areas exhibited higher mortality than other buffer areas it has been shown as 
important to have irrigation available when planting is completed during the summer 
and fall. 

5. Prior to the implementation of this mitigation program the mitigation area was 
dominated by a number of invasive species - in particular yellow flag iris, reed 
canarygrass, blackberries, and Scots broom.  However, initial site planning identified 
the removal of the plants along with the first approximately 12 inches of soil from the 
project area.  This removed material was placed outside of the project area.  This 
action appeared very effective to limit the presence of these invasive species from 
the mitigation area through the 2008-growing season.  However, as noted during the 
2009-growing season invasive species were becoming established within the 
mitigation area and starting to impact the establishment of desirable plant species. 

Based on the 2009-growing season observations as more intense invasive species 
control program is required and the control program should begin during the late 
winter through the early summer.  In particular, the control program should be 
completed prior to the onsite of seeds by the invasive species. 

6. Ongoing removal and management of invasive species was identified as a part of 
the overall project plan.  The actions implemented during the 2008-growing season 
and to some extent during the 2009-growing season have focused on specific spot-
spraying of herbicides and hand removal of invasive species.  However, it is 
important that the planting contractor and the onsite biologist review the application 
process and clearly define which species are to be addressed. 

7. While overall survival of all initially installed plants is generally good.  Onsite 
assessment has identified that some species appear just to do better in some areas 
than other species – for no readily apparent reason.  As such, it is important to 
coordinate all future supplemental planting actions (if required) to place plants in 
areas where they are doing good rather than strict compliance to the initial planting 
plan.
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Thank you for allowing Habitat Technologies the opportunity to assist with your project.
Please contact me at 253-845-5119 with any questions or need for additional 
assistance.

Sincerely,

Thomas D. Deming 
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APPENDIX “A” 

2008 and 2009 Hydrology Monitoring Data 
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2008 Water Level Measurements as Established Staff Gages 
DATE NORTH GAGE CENTRAL GAGE SOUTH GAGE 

26 JAN 08 1.3 1.1 0.9
16 FEB 08 1.3 1.1 0.9
23 FEB 08 1.4 1.2 1.0
1 MAR 08 1.3 1.0 0.6
8 MAR 08 1.1 0.9 0.4

15 MAR 08 1.1 1.1 0.5
22 MAR 08 1.5 1.0 0.5
30 MAR 08 1.7 1.1 0.6
5 APR 08 1.5 1.1 0.5

12 APR 08 1.4 1.0 0.4
19 APR 08 1.4 1.0 0.4
26 APR 08 1.2 1.0 0.4
3 MAY 08 1.2 1.0 0.2

10 MAY 08 1.1 1.0 0.2
25 MAY 08 1.2 1.1 0.3
8 JUN 08 1.1 1.0 0.2
21 JUL 08 0.5 Dry to base Dry to base 
24 AUG 08 Dry to base Dry to base Dry to base 
22 SEP 08 Dry to base Dry to base Dry to base 

Staff gage reading in inches  

2009 Water Level Measurements as Established Staff Gages 
DATE NORTH GAGE CENTRAL GAGE SOUTH GAGE 

29 JAN 09 1.6 1.0 0.5
19 FEB 09 1.45 0.9 0.3
3 MAR 09 1.5 1.0 0.6

13 MAR 09 1.6 1.0 0.4
22 MAR 09 1.6 1.0 0.5
29 MAR 09 1.6 1.0 0.5
5 APR 09 1.5 1.1 0.5

13 APR 09 1.4 1.0 0.5
20 APR 09 1.4 1.0 0.4
26 APR 09 1.2 1.0 0.4
2 MAY 09 1.2 1.0 0.3
9 MAY 09 1.2 1.0 0.3

17 MAY 09 1.0 1.0 0.3
26 MAY 09 0.7 0.9 0.2
6 JUN 09 1.1 0.7 0.2

15 JUN 09 1.1 0.7 0.2
26 JUN 09 1.1 0.4 0.2
12 JUL 09 0.5 0.2 0.1
24 AUG 08 Dry at base 0.2 Dry at base 
21 SEP 09 Dry at base Dry at base Dry at base

Staff gage reading in inches 
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Population Forecast and Water Demand Forecast
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MDD = gpd/ERU
N = # Service Connection,ERU
C = 1.6
F = 225

Peak Hourly Demand (PHD)

U ADD (mgd) MDD (mgd)

Total
Projected

ERU ADD (mgd) MDD (mgd)

Total
Projected

ERU
MDD

(gpd/ERU) PHD (gpm) PHD (mgd)
MDD

(gpd/ERU) PHD (gpm) PHD (mgd) PHD (gpm) PHD (mgd)
5 0.96 2.01 4,659         6.24           13.10         31,843       407.9          12,391         17.8 432.0            2,309            3.3 14,700          21.2
8 0.98 2.06 4,758         6.32           13.26         32,216       407.9          12,514         18.0 432.0            2,357            3.4 14,871          21.4
4 1.00 2.10 4,859         6.39           13.41         32,593       407.9          12,640         18.2 432.0            2,405            3.5 15,045          21.7
3 1.02 2.14 4,962         6.47           13.57         32,974       407.9          12,766         18.4 432.0            2,455            3.5 15,221          21.9
5 1.04 2.19 5,067         6.54           13.73         33,362       407.9          12,893         18.6 432.0            2,505            3.6 15,399          22.2
9 1.07 2.24 5,175         6.62           13.89         33,754       407.9          13,022         18.8 432.0            2,557            3.7 15,579          22.4
6 1.09 2.28 5,285         6.70           14.06         34,151       407.9          13,153         18.9 432.0            2,610            3.8 15,762          22.7
6 1.11 2.33 5,397         6.78           14.23         34,553       407.9          13,284         19.1 432.0            2,663            3.8 15,948          23.0
9 1.13 2.38 5,511         6.86           14.39         34,960       407.9          13,417         19.3 432.0            2,718            3.9 16,135          23.2
5 1.16 2.43 5,628         6.94           14.57         35,373       407.9          13,551         19.5 432.0            2,775            4.0 16,326          23.5
4 1.18 2.48 5,747         7.02           14.74         35,792       407.9          13,686         19.7 432.0            2,832            4.1 16,518          23.8
6 1.21 2.54 5,870         7.11           14.91         36,216       407.9          13,823         19.9 432.0            2,890            4.2 16,714          24.1
1 1.23 2.59 5,994         7.19           15.09         36,645       407.9          13,962         20.1 432.0            2,950            4.2 16,912          24.4
9 1.26 2.64 6,121         7.28           15.27         37,080       407.9          14,101         20.3 432.0            3,011            4.3 17,113          24.6
0 1.29 2.70 6,251         7.37           15.46         37,522       407.9          14,242         20.5 432.0            3,074            4.4 17,316          24.9
4 1.31 2.76 6,384         7.45           15.64         37,968       407.9          14,385         20.7 432.0            3,137            4.5 17,522          25.2
2 1.34 2.82 6,519         7.54           15.83         38,421       407.9          14,529         20.9 432.0            3,202            4.6 17,731          25.5
3 1.37 2.88 6,658         7.64           16.02         38,880       407.9          14,674         21.1 432.0            3,269            4.7 17,943          25.8
6 1.40 2.94 6,799         7.73           16.21         39,345       407.9          14,821         21.3 432.0            3,337            4.8 18,157          26.1
3 1.43 3.00 6,943         7.82           16.41         39,816       407.9          14,969         21.6 432.0            3,406            4.9 18,375          26.5
4 1.46 3.06 7,091         7.91           16.61         40,294       407.9          15,119         21.8 432.0            3,477            5.0 18,595          26.8
7 1.49 3.13 7,241         8.01           16.81         40,778       407.9          15,270         22.0 432.0            3,549            5.1 18,819          27.1
5 1.52 3.19 7,395         8.11           17.01         41,269       407.9          15,423         22.2 432.0            3,623            5.2 19,045          27.4
5 1.56 3.26 7,552         8.21           17.22         41,767       407.9          15,577         22.4 432.0            3,698            5.3 19,275          27.8
8 1.59 3.33 7,712         8.31           17.43         42,271       407.9          15,733         22.7 432.0            3,775            5.4 19,508          28.1
6 1.62 3.40 7,876         8.41           17.64         42,782       407.9          15,890         22.9 432.0            3,853            5.5 19,744          28.4
7 1.66 3.47 8,043         8.51           17.86         43,300       407.9          16,049         23.1 432.0            3,934            5.7 19,983          28.8
2 1.69 3.55 8,213         8.61           18.08         43,825       407.9          16,210         23.3 432.0            4,016            5.8 20,226          29.1
9 1.73 3.62 8,388         8.72           18.30         44,357       407.9          16,372         23.6 432.0            4,099            5.9 20,471          29.5
0 1.76 3.70 8,566         8.83           18.52         44,896       407.9          16,536         23.8 432.0            4,185            6.0 20,721          29.8
6 1.80 3.78 8,747         8.94           18.75         45,443       407.9          16,701         24.1 432.0            4,272            6.2 20,974          30.2
4 1.84 3.86 8,933         9.04           18.98         45,997       407.9          16,869         24.3 432.0            4,361            6.3 21,230          30.6
7 1.88 3.94 9,123         9.16           19.21         46,560       407.9          17,037         24.5 432.0            4,452            6.4 21,490          30.9
3 1.92 4.02 9,316         9.27           19.45         47,130       407.9          17,208         24.8 432.0            4,545            6.5 21,753          31.3
3 1.96 4.11 9,514         9.38           19.69         47,707       407.9          17,380         25.0 432.0            4,640            6.7 22,020          31.7
7 2.00 4.20 9,716         9.50           19.93         48,293       407.9          17,554         25.3 432.0            4,737            6.8 22,291          32.1
5 2.04 4.29 9,922         9.62           20.18         48,887       407.9          17,730         25.5 432.0            4,836            7.0 22,566          32.5
6 2.09 4.38 10,133       9.74           20.43         49,489       407.9          17,907         25.8 432.0            4,937            7.1 22,844          32.9
2 2.13 4.47 10,348       9.86           20.69         50,100       407.9          18,087         26.0 432.0            5,040            7.3 23,127          33.3
1 2.18 4.57 10,567       9.98           20.94         50,719       407.9          18,268         26.3 432.0            5,146            7.4 23,413          33.7
5 2.22 4.66 10,792       10.11         21.21         51,346       407.9          18,451         26.6 432.0            5,253            7.6 23,704          34.1
3 2.27 4.76 11,021       10.23         21.47         51,983       407.9          18,635         26.8 432.0            5,363            7.7 23,999          34.6
4 2.32 4.86 11,255       10.36         21.74         52,629       407.9          18,822         27.1 432.0            5,476            7.9 24,298          35.0
0 2.37 4.97 11,493       10.49         22.01         53,283       407.9          19,011         27.4 432.0            5,590            8.0 24,601          35.4
0 2.42 5.07 11,737       10.62         22.29         53,947       407.9          19,201         27.6 432.0            5,707            8.2 24,908          35.9
4 2.47 5.18 11,986       10.76         22.57         54,621       407.9          19,393         27.9 432.0            5,827            8.4 25,220          36.3
3 2.52 5.29 12,241       10.89         22.86         55,304       407.9          19,587         28.2 432.0            5,949            8.6 25,536          36.8
6 2.57 5.40 12,501       11.03         23.14         55,996       407.9          19,784         28.5 432.0            6,074            8.7 25,857          37.2
2 2.63 5.52 12,766       11.17         23.44         56,698       407.9          19,982         28.8 432.0            6,201            8.9 26,183          37.7
4 2.68 5.63 13,037       11.31         23.73         57,411       407.9          20,182         29.1 432.0            6,331            9.1 26,513          38.2
0 2.74 5.75 13,313       11.45         24.04         58,133       407.9          20,384         29.4 432.0            6,464            9.3 26,848          38.7
1 2.80 5.87 13,596       11.60         24.34         58,866       407.9          20,588         29.6 432.0            6,599            9.5 27,188          39.2
5 2.86 6.00 13,884       11.75         24.65         59,610       407.9          20,794         29.9 432.0            6,738            9.7 27,532          39.6
5 2.92 6.13 14,179       11.90         24.97         60,364       407.9          21,003         30.2 432.0            6,879            9.9 27,882          40.2
0 2.98 6.26 14,480       12.05         25.29         61,129       407.9          21,213         30.5 432.0            7,024            10.1 28,237          40.7

Beacon Hill Combined TotalsBeacon Hill Combined Totals Longview
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List of Preparers



Mark Brunner, Landau Associates, Senior Staff Planner, BA University of Washington, 2007

Anthony Katsaros, AICP, Landau Associates, Associate Planner, MA University of Washington,
1992

Theresa Turpin, Landau Associates, Associate Environmental Planner, BA Pacific Lutheran 
University, 1986
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