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ACRONYMS AND ABBREVIATIONS 

bgs below ground surface 
BMP best management practice 
CARA critical aquifer recharge area 
Ecology Washington State Department of Ecology 
DOH Washington State Department of Health 
ID identification 
MCL maximum contaminant level 
MFA Maul Foster & Alongi, Inc. 
MWS Modular Wetlands System 
Qa Quaternary alluvium 
Qp 
Qgl 

Quaternary peat deposits 
Quaternary bog, marsh, swamp, or lake deposits 

Site 
 

Puyallup ARCO ampm retail fueling station, convenience 
store, and car wash 

SWMMWW Stormwater Management Manual for Western 
Washington 

sq ft square foot or square feet 
TSS total suspended solids 
UIC underground injection control 
UST underground storage tank 
WAC Washington Administrative Code 
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1 INTRODUCTION 

On behalf of Barghausen Consulting Engineers, Inc., Maul Foster & Along, Inc. (MFA), has prepared 
this critical aquifer recharge area (CARA) hydrogeologic assessment report for the proposed 
construction of an ARCO ampm retail fueling station, convenience store, and car wash (the Site) 
located at 1402 South Meridian in Puyallup, Pierce County, Washington (see Figure 1-1). The Site is 
located in section 34, township 20 north, range 4 east of the Willamette Meridian and includes City of 
Puyallup tax lot numbers 7730000021, 7730000031, 7730000281, and 7730000288. The entirety of the 
Site is located within a CARA, as designated by Pierce County (see Figure 1-2). The proposed project 
includes demolition of an existing building, construction of two new buildings, and installation of two 
fuel underground storage tanks (USTs) on the Site. This CARA report provides a hydrogeologic 
assessment of the Site and, to ensure protection of groundwater resources, proposes best management 
practices (BMPs) for the proposed development following requirements established in the City of 
Puyallup Code of Ordinances for critical areas chapter 21.06. 

2 PROJECT DESCRIPTION 

2.1 Existing Conditions 

According to the Lewis County Assessor’s Office, the Site includes four parcels currently owned by 
H&H Puyallup LLC (Figure 1-1). The northern portion of the Site is comprised of two parcels: parcel 
7730000021, is a total of 0.096 acres, and parcel 7730000031 is a total of 0.324 acres. The southern 
portion of the Site is also comprised of two parcels: parcel 77300000281 totals 0.724 acres, and parcel 
77300000288 totals just 0.061 acres. In total, the Site encompasses approximately 1.205 acres of 
generally level terrain ranging from 47 feet to 49 feet in elevation. The Site currently consists of a 
vacant building with landscaped areas and gravel and paved parking lots. The City of Puyallup website 
shows the Site is within the City of Puyallup development boundary and is currently zoned as General 
Commercial (City of Puyallup, 2021). Adjacent properties share the same zoning designation.  

2.2 Proposed Development 

Proposed development plans for the Site include construction of a new approximately 3,349 square-
foot (sq ft), single-level ARCO ampm convenience store with a refueling station with canopy 
comprising eight multi-product dispensers, one new gasoline UST, one new split gasoline/diesel fuel 
UST, and a separate 24-foot by 28-foot car wash facility located south of the fueling areas. The multi-
product dispenser refueling station canopy will occupy approximately 6,321 sq ft, and the car wash 
facility will occupy approximately 1,152 sq ft. 
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The proposed convenience store will be a single story, slab-on-grade and wood-framed structure, with 
a monolithic slab with a thickened edge and stem walls. All proposed fuel canopy structures will be 
metal framed with supporting columns situated on shallow conventional or pier foundations. 
Excavations for the proposed USTs are anticipated to extend approximately 15 to 20 feet below 
finished Site grade. For areas of the Site, excluding the fueling area pads and car wash, the proposed 
stormwater facility consists of the following treatment flow process: 

1. Stormwater runoff will be collected by roof drains and Type I catch basins in all impervious 
areas and routed to the treatment facility. 

2. Total suspended solids (TSS), oils, and sheen will be removed from stormwater runoff by an 
oil/water separator. 

3. A BioClean Modular Wetland System Linear (MWS Linear) stormwater treatment cell will 
receive stormwater from the oil/water separator and provide treatment for remaining site 
pollutants prior to discharge to the municipal stormwater system. 

4. A detention vault will be constructed to provide temporary storage of stormwater during peak 
runoff flows to reduce the potential for backup and flooding of impermeable areas. 

5. Treated stormwater will then be discharged to the City of Puyallup storm sewer system. 

The fueling area pads and car wash will be hydraulically separated from the rest of the Site surfaces. 
Stormwater from the fueling area pads will be routed to an oil/water separator prior to discharge 
to the City of Puyallup sanitary sewer system. Wastewater from the car wash will be routed to a 
reclaim system for treatment and will either be reused in the wash cycle or discharged to the 
sanitary sewer system. Overflow and rinse water will be routed through an oil/water separator 
prior to discharge to the sanitary sewer system. Emergency shutoff valves will be positioned 
throughout the facility to mitigate the potential release of contaminants into the system. 

3 HYDROGEOLOGIC ASSESSMENT 

3.1 Physical Setting 

The Site is located near the center of the City of Puyallup at an elevation of approximately 47 feet to 
49 feet above mean sea level. The Site topography is generally flat. The local climate is predominantly 
a mild marine climate with average monthly temperatures typically ranging from 33°F to 78°F, and 
monthly rainfall totals ranging from an average minimum of 0.87 inches in July to an average 
maximum of 6.1 inches in November (U.S. Climate Data, 2022). The Site is bordered by commercial 
development to the south, South Meridian Avenue to the east, and Highway 512 to the west and 
north. The Site is located approximately one and one-quarter miles southwest of the Puyallup River 
and one-third of a mile northwest of a small tributary of Clarks Creek. Historical aerial photographs 
indicate the Site consisted of agricultural farmland through the mid-1970s, after which the existing 
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single-level restaurant building and parking areas were constructed. The majority of the Site is asphalt 
paved or otherwise impermeable with the exception of a gravel overflow parking area located in the 
northernmost portion of the Site.  

3.2 Geology 

The Site is located within the Puget lowland in the Puyallup Valley of Western Washington 
approximately 8.7 miles southeast of Commencement Bay. During the Holocene epoch, the region 
surrounding the Site was an embayment of Puget Sound. The regional geology surrounding the Site 
has also been influenced by periods of glaciation and nearby volcanism, resulting in Pleistocene glacial 
and nonglacial deposits unconformably overlying Tertiary volcanic bedrock in the area. Tertiary 
andesite sills and other igneous bodies intrude these glacial deposits, and ancient lahars and mudflows 
from nearby Mt. Rainer have filled former embayment’s with layers of Holocene alluvial sands, silts, 
and gravels. Thin, peaty lake deposits formed in flood-plain basins in the late Holocene can be found 
interspersed between layers of silt, sand, and gravel. (Palmer, 1997) 

As mapped by the Washington State Department of Natural Resources (DNR), surficial geology at 
the Site (see Figure 1-1) is primarily mapped as Quaternary peat deposits (Qp) consisting of organic 
and mineral sediments including peat, muck, silt, and clay deposited in closed depressions (DNR, 
2022). These deposits are typically well-sorted and consist of lenses of silt and clay between layers of 
sand and gravel. Just south of the Site, Pleistocene bog, marsh, swamp, or lake deposits (Qgl) include 
gray, unsorted, unstratified, and highly compacted clay, silt, sand, gravel, and boulders deposited as a 
result of glaciation. Quaternary alluvium (Qa) is mapped to the north of the Site and typically consists 
of silts, sands, and gravels deposited in streambeds and alluvial fans with relatively undissected surfaces 
and can typically include some low-level terraces and lacustrine deposits. (Walsh, 1987) 

In March of 2022, Krazen and Associates, Inc. completed a geotechnical investigation of the Site to 
evaluate subsurface soil and groundwater conditions (see Appendix A). The investigation included six 
Cone Penetration Tests (CPTs) and two Pilot Infiltration Tests (PITs). CPTs, designated CPT-1 
through CPT-5, were used to determine geotechnical engineering properties of the soil to depths of 
27 to 43.6 feet below ground surface (bgs). PIT excavations, designated IP-1 and IP-2 were excavated 
to depths of 7.1 and 4.7-feet bgs, respectively, and together with CPT borings were used to determine 
soil and groundwater conditions including depth of soils and surficial alluvial deposits. 

Investigations showed subsurface geology and aquifer characteristics are heterogenous and highly 
variable throughout the site. Investigations at CPT-4 and 5 and IP-2 located in paved areas 
encountered the following stratigraphy from the surface downward: 

• 3 to 3.5 inches of asphalt pavement  

• 6 to 7.5 inches of gravel base course materials, consisting of moist, brown, silty sand (SM) 
(found at the surface in unpaved areas) 

• Approximately 3 feet of undocumented fill materials presumably from offsite sources. Fill 
materials consist of sand, gravel, chunks of asphalt pavement, broken clay pipe, etc. 
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• Highly compressible, very soft to medium stiff organic silt, peat, sandy silt, and clay ranging in 
thickness from 9.5 feet in the northern areas (CPT-1) to 2 feet in the central areas (CPT-2), 
and as little as 1 foot in the southern areas (CPT-3, 4, and 5) 

• Very loose to medium dense alluvial sand with varying silt content to a depth of approximately 
20 to 23 feet bgs 

• A layer of dense to very dense sand with gravel to gravel with sand, approximately 12 feet 
thick, was observed throughout the Site extending to depths of 27 to 33 feet bgs 

• Another stratum of very loose to medium dense alluvial sand, approximately 5.5 to 12 feet 
thick 

• Dense to very dense glacial sand and gravel soils to the extent of excavation at approximately 
39.1 to 46.3 feet bgs.  

3.3 Aquifer Characteristics 

The Puget Sound-Willamette Trough aquifer system, which stretches in a north-south direction on 
the western side of the Cascade Range from near the Canadian border to central Oregon, is the primary 
groundwater resource near and at the Site. This aquifer system is one of the principal regional 
groundwater systems in the Pacific Northwest and supports the bulk of Western Washingtons 
population and virtually all of its groundwater development. These aquifers consists mainly of 
unconsolidated glacial deposits that can be up to 3,000 feet thick. Discontinuous lenses of sand and 
gravel are the most productive aquifers in this system and generally form the upper 200 to 300 feet of 
the unconsolidated deposits (referred to as the sand and gravel aquifer). Underlying the sand and 
gravel in most of the basin are extensive non-marine deposits of late Tertiary silts and clays containing 
sand and gravel members that can yield moderate supplies of water. Nearly impermeable units of clay, 
shale, silt, siltstone, fine-grained sandstone, pyroclastic materials, and basalt underlie the Tertiary 
formation. (USGS, 2016) 

Although groundwater levels generally fluctuate spatially and temporally, porewater pressure 
dissipation testing conducted during the March 2022 geotechnical investigation provide a general 
indication of depth to groundwater throughout the site. The depth to groundwater in CPT borings 
ranged between 1.2 to 3.7 feet bgs, which was similar to depths observed in monitoring wells in the 
northern area of the site near CPT-1 and the southern area of the Site near CPT-4, at 4.6 feet bgs and 
1.5 feet bgs respectively. Although test pits IP-1 and IP-2 were excavated with the intention of 
conducting infiltration testing, the presence of undocumented fill material, organic silt/peat and clay, 
and shallow groundwater made these tests infeasible because these conditions would be expected to 
inhibit infiltration test water. As a result of these conditions, onsite management of stormwater by 
infiltration is not considered feasible (see Appendix A). 

MFA reviewed Ecology water supply well reports (i.e., well logs) to identify the depth and composition 
of nearby groundwater aquifers and gauge the potential for migration of groundwater from the Site 
to these water sources. Nine Washington State Department of Ecology (Ecology) water supply well 
reports for wells within approximately one quarter mile of the Site were reviewed (obtained from 
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Ecology’s online well database).1 A tenth well log, for the City of Puyallup 96th Street public water 
supply well #27, was also reviewed because the Site is located within the area of influence (10-year 
time of travel) of this well. Well logs indicate that groundwater is typically present in the shallow sand 
and gravel aquifer at depths ranging from 5 feet bgs to 16 feet bgs. Well logs are provided in Appendix 
B. 

Eight of the nine water wells found within one-quarter mile of the Site were screened in sand and 
gravel or silty sand deposits from 17 feet bgs to 30 feet bgs and one well, well tag ID BIK829, was 
screened in coarse sand from 5 feet bgs to 15 feet bgs. The City of Puyallup 96th Street public water 
supply well #27 (well log ID ACA512) is the deepest well reviewed, with a total depth of 289 feet bgs. 
This well is screened from 271 feet bgs to 287 feet bgs in sand and gravel deposits and produced 1,266 
gallons per minute during a 72-hour well test. Well ID 49094 is 43 feet deep and terminates in ‘packed’ 
sand and gravel. The well logs indicate the depth to groundwater south of the Site is approximately 15 
feet bgs, and north of the site is approximately 5 to 10 feet bgs.  

MFA also reviewed Ecology water right certificate and application information to assess and 
determine the impact to groundwater extraction quantities near the Site (see Figure 1-1). There are 
two active water rights for groundwater use recorded within approximately one quarter mile of the 
Site. Water right permit ID G2-28849 is from May 1993, belongs to Good Samaritan Hospital located 
at 407 14th Street, and designates use of groundwater for emergency use and for use as boiler feedwater. 
Water right permit ID G2-02756 is from 1944, belongs to J. Mladinich, and designates use of 
groundwater for irrigation purposes. As there is no proposed extraction of groundwater associated 
with this project, there is no potential impact to surrounding groundwater extraction or water rights. 
Water rights certificates are provided in Appendix C. 

As designated by Pierce County, the Site is entirely located within a CARA (Figure 1-2), which is 
defined by Pierce County as “an area designated by WAC 365-190-080(2) that is determined to have 
a critical recharge effect on aquifers used for potable water as defined by WAC 365-190-030(2).”2 

According to the Washington State Department of Health (DOH) Source Water Assessment Program 
(SWAP) Mapping tool, the Site is entirely within the 10-year time-of-travel radius of the City of 
Puyallup 96th Street public water supply well #27 (see Figure 3-1) (DOH, 2018). The well log for this 
water well (well ID ACA512) is presented in Appendix B and shows the well is screened in sand and 
gravel deposits between 271 feet and 287 feet bgs.  

As shown on Figure 3-1, the Site is closer in proximity to the City of Puyallup 15th & 9th Street public 
water supply well #13 than the 96th Street public water supply well #27, however the SWAP mapping 

 
1 State of Washington Department of Ecology Well Report Viewer, available at 

https://appswr.ecology.wa.gov/wellconstruction/map/WCLSWebMap/default.aspx  

2 City of Puyallup municipal code chapter 21.06.210 (27), available at 
https://www.codepublishing.com/WA/Puyallup/html/Puyallup21/Puyallup2106.html#21.06.140 

 

https://appswr.ecology.wa.gov/wellconstruction/map/WCLSWebMap/default.aspx
https://www.codepublishing.com/WA/Puyallup/html/Puyallup21/Puyallup2106.html#21.06.140
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tool does not show the Site being in any time-of- travel radius of this well, indicating there is no 
potential for Site operations to impact water quality at this well. 

3.4 Groundwater Quality 

Groundwater water quality data for the City of Puyallup 96th Street public water supply well #27 (well 
log ID ACA512) were accessed through the DOH Office of Drinking Water. Water from this well 
has been tested for a broad suite of potential contaminants, including volatile organic compounds, 
pesticides, herbicides, radionuclides, metals, nitrates, and coliform bacteria. Between 1978 and 2019, 
test results have indicated the presence of E. Coli one time and total coliforms eleven times. 
Additionally, there have been a total of 20 exceedances of secondary U.S. Environmental Protection 
Agency maximum contaminant levels (MCLs) for manganese, five exceedances of secondary MCLs 
for iron, and four exceedances of primary MCLs for trihalomethane. Water quality testing results for 
the City of Puyallup 96th Street public water supply well #27 are presented in Appendix D. 

MFA also reviewed the Ecology Environmental Information Management (EIM) System for 
groundwater data associated with environmental monitoring programs within approximately one-half 
mile of the Site 3. EIM environmental monitoring data was found for six monitoring wells (ASG549 
through ASG553, and ASG595) at a former Leaking Underground Storage Tank (LUST) site located 
at 1502 S. Meridian Street approximately 350 ft south of the Site and includes monitoring of a broad 
suite of potential chemical contaminants. The Ecology Cleanup and Tank Search website shows a No 
Further Action (NFA) determination was issued for this site in 2012 (Cleanup Site ID: 3491).4 

4 BEST MANAGEMENT PRACTICES 

The proposed development and future use of the Site will create two potential pathways for 
contaminants to migrate to groundwater: 

• Leaks of  gasoline and diesel fuel from the UST system (USTs, underground piping, and 
dispensers) and discharge of  the leaked fuel to groundwater. The USTs will fully comply with 
the regulations and reporting requirements outlined in Chapter 173-360A of  the Washington 
Administrative Code (WAC). 

• Leaks of  petroleum products from the oil/water separators and associated piping and 
discharge of  the petroleum products to groundwater. The oil/water separators will fully 
comply with the regulations and reporting requirements outlined in Chapter 173-360A of  the 
WAC. 

 
3 State of Washington Department of Ecology Environmental Information Management System, available at 

https://ecology.wa.gov/Research-Data/Data-resources/Environmental-Information-Management-database  
4 State of Washington Department of Ecology Cleanup and Tank Search, available at https://ecology.wa.gov/Spills-

Cleanup/Contamination-cleanup/Cleanup-sites  

https://ecology.wa.gov/Research-Data/Data-resources/Environmental-Information-Management-database
https://ecology.wa.gov/Spills-Cleanup/Contamination-cleanup/Cleanup-sites
https://ecology.wa.gov/Spills-Cleanup/Contamination-cleanup/Cleanup-sites
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To best address these potential contaminant pathways, the structural and operational BMPs described 
in sections 4.1 and 4.2 should be implemented during construction and operation of the fueling 
station. 

4.1 Structural Best Management Practices 

The following structural BMPs will be implemented to prevent negative impacts to groundwater: 

• Fuel dispenser areas will be hydraulically separated from other areas of  the Site by grade breaks 
that route water collected under the canopy to an oil/water separator prior to discharge to the 
sanitary sewer system. 

• The car wash will be hydraulically separated from other areas of  the Site. Wastewater from the 
car wash will be collected in floor drains and conveyed to a reclaim system for treatment and 
will either be reused in the wash cycle or discharged to the sanitary sewer system. The overflow 
and rinse water will be routed through an oil/water separator prior to discharge to the sanitary 
sewer system. 

• Stormwater runoff  from impervious surfaces outside of  the fuel dispenser area and car wash 
will be conveyed via catch basins and roof  drains to a detention vault, which provides flow 
control, and then to an oil/water separator. Stormwater will be conveyed from the oil/water 
separator to a modular wetland for enhanced water quality treatment prior to discharge to the 
municipal storm sewer system. 

• The MWS Linear stormwater treatment cell and detention vault will be sized per requirements 
in the 2019 Stormwater Management Manual for Western Washington (SWMMWW) 
(Ecology, 2019) and the General Use Level Designation (GULD) (Ecology, 2018) and installed 
per manufacturer’s specifications. 

• Emergency shutoff  valves will be positioned throughout the facility to ensure that pollutants 
do not enter the system in the event of  an emergency spill. 

• USTs and associated underground piping will be constructed to meet the performance 
standards outlined in WAC 173-360A-0310, which include the use of  secondary containment, 
under-dispenser containment, double wall construction, spill-prevention equipment, and 
overfill-prevention equipment. 

• Dumpsters and other bulk waste containers will be located in a trash enclosure area, which 
will be graded to prevent run-on from adjacent areas.  All containers in this area will have solid 
lids, and lids will remain on (or closed) when not in use. 

4.2 Operational Best Management Practices 

The following operational BMPs will be implemented to prevent negative impacts to groundwater. 

• Operation and maintenance plans for the oil/water separators and the USTs and associated 
underground piping will be developed and maintained in accordance with the requirements 
of  WAC 173-360A-0545. 
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• While the fueling station is operational, at least one individual will be trained as a Class A, 
Class B, or Class C UST operator, as specified in WAC 173-360A-0510 through 0550. 

• Signage will be posted in easily visible areas to provide emergency response information, 
including contact information for the facility operator and first responders as well as the 
location of  emergency shutoff  devices at the fueling station and stormwater filtration 
equipment, as required in WAC 173-360A-0550. 

• Spill-prevention equipment and release-detection equipment will be visually inspected at least 
every 30 days, or prior to each delivery if  deliveries take place less frequently than 30 days, as 
specified in WAC 173-360A-0420. Inspections will be documented, and records maintained 
for at least three years. 

• USTs and associated underground piping will be monitored for leaks, using one of  the 
applicable methods or a combination of  methods specified in WAC 173-360A-0610 and WAC 
173-360A-0615, and will be certified in writing by the manufacturer, vendor, or installer to be 
capable of  meeting performance standards for the given leak-detection method. USTs and 
underground piping will be monitored for leaks at least every 30 days. 

• Oil/water separators will be regularly inspected and maintained and cleaned of  debris, 
sediments, and oil as needed to prevent the discharge of  these materials to the municipal sewer 
systems. 

• The modular wetland will be operated and maintained per the manufacturer’s guidelines.  

• Paved areas that deliver stormwater runoff  to the modular wetland will be swept regularly. 

• The property owner, management, and subcontractors will be made aware of  other BMPs as 
necessary and relevant (e.g., good fertilization practices, routing wash waters to the approved 
off-site discharge location, and similar).  

4.3 Groundwater Monitoring Plan Provisions 

As no development activities that will negatively impact groundwater quantity or quality are planned, 
no groundwater monitoring program is currently warranted. The proposed USTs and associated 
equipment will be monitored regularly for leaks, as described above. The potential for groundwater 
contamination is low, as underlying sand and gravel aquifers are heterogeneous and discontinuous and 
do not allow for rapid migration of groundwater to surrounding units. Additionally, as described by 
USGS (2016) and DNR (2022), and as observed in well log ID ACA512 (City of Puyallup 96th Street 
public water supply well #27)(See Appendix B), layers of silt throughout the shallow sand and gravel 
aquifer and the presence of thick layers of nearly impermeable clays underlying shallow sand and gravel 
aquifers further reduce the potential for migration of contaminants from shallow to deeper aquifers. 
Should a release of petroleum products be detected, the need for groundwater monitoring will be 
reevaluated. 



 

\\stmfa01.file.core.windows.net\final-dir\2303.02 Barghausen ARCO Puyallup\Document\001.2022.05.13 CARA Report\Rf_CARA Puyallup 
ARCO.docx 

PAGE 10 

4.4 Spill Plan 

A spill prevention and cleanup plan, including contact information and cleanup procedures developed 
for the fueling station, is provided in Appendix E. 

5 PREDICTIVE EVALUATION 

5.1 Effects on Nearby Groundwater Quantity 

As there are no plans to withdraw groundwater as part of the proposed site development, no effects 
on groundwater withdrawal at nearby wells are expected. 

5.2 Effects on Nearby Groundwater Quality 

All stormwater from fueling dispenser areas will be pretreated via oil/water separators and routed to 
the City of Puyallup sanitary sewer system. Stormwater from all other impervious areas of the Site will 
be treated via oil/water separators and MWS Linear stormwater treatment units prior to discharge to 
the City of Puyallup storm sewer system. The MWS Linear unit is approved for for enhanced water 
quality treatment by Ecology.  

The proposed UST system will be located entirely within heterogeneous alluvium consisting of sand 
and/or sand and gravel with many clay-rich layers that are likely to disrupt downward migration of 
groundwater. Localized perched shallow groundwater surrounding the Site is unconfined, 
discontinuous, and seasonally variable, and nearby shallow aquifers are compartmentalized and 
heterogeneous with significant intervals of fine-grained low-permeability clay layers that limit the 
potential for significant contaminant migration. Further disrupting downward migration of 
groundwater are thick layers of nearly impermeable clays that underly shallow alluvial aquifers. The 
combination of BMPs and stormwater treatment prior to discharge offsite to city facilities further limit 
the potential for release of contaminants to groundwater or contaminant migration via groundwater. 

Based on the combination of stormwater treatment and the BMPs described above, including the 
presence of secondary containment and ongoing leak detection associated with the proposed UST 
system, the proposed development is not expected to result in any release to the environment that 
may impact groundwater. These factors indicate that the proposed development of the Site is not 
expected to have an impact on groundwater quality at the Site or in nearby groundwater wells including 
City of Puyallup municipal water sources. 
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LIMITATIONS 
 
The services undertaken in completing this report were performed consistent with generally accepted 
professional consulting principles and practices. No other warranty, express or implied, is made. These 
services were performed consistent with our agreement with our client. This report is solely for the 
use and information of our client unless otherwise noted. Any reliance on this report by a third party 
is at such party’s sole risk. 

Opinions and recommendations contained in this report apply to conditions existing when services 
were performed and are intended only for the client, purposes, locations, time frames, and project 
parameters indicated. We are not responsible for the impacts of any changes in environmental 
standards, practices, or regulations subsequent to performance of services. We do not warrant the 
accuracy of information supplied by others, or the use of segregated portions of this report. 
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May 6, 2022      KA Project No. 062-22010 
 
 
BP Products North America Inc. 
30 South Wacker Drive, Suite 900 
Chicago, IL 60606 
       
 
Attn:  Mr. Randall Arnold 

Email: randall.arnold@sevansolutions.com 
Tel: (206) 310.1851 

 
Reference: Geotechnical Engineering Investigation 

Proposed ARCO ampm Fueling Facility 
1402 S Meridian Avenue 
Puyallup, WA 

 
   
Dear Mr. Arnold, 
 
In accordance with your request, we have completed a Geotechnical Engineering Investigation for the 
referenced site.  The results of our investigation are presented in the attached report.  
 
If you have any questions, or if we can be of further assistance, please do not hesitate to contact our office. 
 
Respectfully submitted, 
KRAZAN & ASSOCIATES, INC. 
 

 
 
Theresa R. Nunan 
Project Manager 
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May 6, 2022 KA Project No. 062-22010 
 
 

GEOTECHNICAL ENGINEERING INVESTIGATION 
PROPOSED ARCO AMPM FUELING FACILITY 

1402 S MERIDIAN AVENUE 
PUYALLUP, WASHINGTON 

 
 

INTRODUCTION 

This report presents the results of our Geotechnical Engineering Investigation for the Proposed ARCO 
ampm Fueling Facility located at 1402 S Meridian Avenue in Puyallup, Washington, as shown on the 
Vicinity Map in Figure 1.  Discussions regarding site conditions are presented in this report, together with 
conclusions and recommendations pertaining to site preparation, excavations, foundations, structural fill, 
utility trench backfill, concrete slabs and exterior flatwork, drainage, erosion control, and pavements. 

A site plan showing the approximate locations of the test pits is presented following the text of this report 
in Figure 2.  A description of the field investigation and laboratory testing, as well as the test pit and Cone 
Penetration Test (CPT) logs, are presented in Appendix A.  Appendix B contains a guide to aid in the 
development of earthwork specifications.  Pavement design guidelines are presented in Appendix C.  The 
recommendations in the main text of the report have precedence over the more general specifications in 
the appendices. 

PURPOSE AND SCOPE 

This investigation was conducted to evaluate the subsurface soil and groundwater conditions at the site, to 
develop geotechnical engineering recommendations for use in design of specific construction elements, 
and to provide criteria for site preparation and earthwork construction. 

Our scope of services for this project was performed in general accordance with our proposal number 
G22018WAT dated March 24, 2022, and included the following: 

• Exploration of the subsurface soil and groundwater conditions by conducting six (6) CPT borings 
to depths of about 27.0 to 46.3 feet below existing ground surface (bgs)using subcontracted rig 
and operator under the direction of a Krazan geotechnical engineer; 

• Conduct two (2) small-scale Pilot Infiltration Tests (PITs), utilizing a subcontracted excavator and 
operator to dig the test pits and a rented water wagon for the water source; 

• A Site Plan showing the CPT and PIT locations; 

• Comprehensive CPT and test pit logs, including soil stratification and classification, and 
groundwater levels where applicable; 
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• Conduct laboratory testing on samples obtained from the explorations; 

• Liquefaction analysis based on the data acquired from the CPTs; 

• Recommendations for seismic design considerations including site coefficient and ground 
acceleration based on the 2018 IBC assuming that the structure will have a fundamental period of 
vibration equal to or less than 0.5 sec or if non-liquefiable soils are encountered in our 
explorations; 

• Provide opinions and recommendations regarding stormwater infiltration feasibility and a design 
infiltration rate as per the 2014 Department of Ecology (DOE) Stormwater Management Manual 
for Western Washington (SWMMWW); 

• Evaluation of the two (2) City of Puyallup mapped “landslide hazard” areas indicated on the 
Preliminary Site Plan, prepared by Barghausen Consulting Engineers, Inc. (Barghausen) dated 
July 8, 2021; 

• Shallow foundation recommendations for the proposed structure, including allowable soil bearing 
pressure, anticipated settlements (both total and differential), coefficient of horizontal friction for 
footing design, and frost penetration depth; 

• Deep foundation recommendations, if applicable based on the subsurface conditions encountered 
in the CPTs; 

• Recommendations for design of slabs-on-grade, as well as subgrade preparation, slab drainage, 
capillary break, and/or moisture barriers; 

• Recommendations for static and seismic active and passive lateral earth pressures for below grade 
and retaining structures, including surcharge loadings; 

• Recommendations for structural fill materials, placement, and compaction; 

• Recommendations for suitability of onsite soils as structural fill; 

• Recommendations for temporary excavations including shoring; 

• Recommendations for site drainage and erosion control; and 

• Recommendations for asphalt and concrete pavement sections, including subgrade preparation 
recommendations for truck loading and pavement areas. 

Environmental services, such as chemical analysis of soil and groundwater for possible environmental 

contaminants, were not included in our geotechnical engineering scope of services for this project.  
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PROPOSED CONSTRUCTION  

Based on the Preliminary Site Plan, Sheet SP-5, dated July 8, 2021, and the Request for Proposal (RFP) 
for Geotechnical Services document dated March 10, 2022, which were prepared by Barghausen, we 
understand that the proposed development will include construction of a 3,349 square foot, single-story 
ampm building at the northern end of the site, a canopy fuel island structure with eight multi-product 
dispensers (MPDs) in the middle of the site, with underground storage tanks planned south of the fuel 
island, and a 24-foot by 28-foot car wash structure located at the southern end of the site.  Other site 
improvements include paved access drives and parking areas, paved entry driveways from S Meridian 
Avenue, landscaped areas, and installation of associated utilities. 

We understand a typical dead load reaction of 4 kips and live load reaction of 16 kips is anticipated for 
each canopy column, and independent pier foundations at each column are preferred for support of the 
canopy structure.  Although no loading information was provided for the ampm building or the carwash 
structure, we have assumed typical column and wall loads for these structures will not exceed 30 kips and 
3 kips per lineal foot, respectively, for our soil bearing capacity and settlement analyses.  We have also 
assumed that the existing site grades are at or within a foot of the planned finish grades.     

SITE LOCATION AND DESCRIPTION  

The subject property consists of four parcels (APNs 770000021, -31, -281, and -288) that encompass 1.18 
acres of land located at 1402 S Meridian Avenue in Puyallup.  The site is bordered by Highway 512 to the 
north, and entry drive and commercial development to the south, S Meridian Avenue to the east, and 
commercial development and Highway 512 to the west.  Historical aerial photos indicate the site was 
agricultural farmland from at least 1940 to around the mid-70’s.  The existing one-story restaurant building 
was constructed in 1976 based on parcel information presented on the Pierce County Parcel and Property 
Information web portal.  The remainder of the site is asphalt paved parking areas and access drives, with 
the exception of the northernmost portion of the site which served as gravel surfaced overflow parking.  
Numerous underground utilities are located within the site, and especially within the utility corridor 
transecting the southern half of the gravel-surfaced lot in an east-west direction. 

We have reviewed the Land Title Survey, prepared by Barghausen, dated April 19, 2022.  The site is 
relatively level with the ground surface generally sloping east to west, and ranging from Elev. 47 to 49 
feet.  The land surrounding the general vicinity of the site is generally higher in elevation and slopes 
towards the project site.  There is an isolated slope in the southeast corner of the site, at the access drive 
to the site from S Meridian Ave., which is roughly 8 feet in height and has an inclination of about 30 
degrees (58 percent).  This slope is partially supported by stacked rock boulders that showed signs of 
erosion and instability.  There is another isolated slope near the northwestern property line (outside the 
site boundary, Highway 512 off-ramp embankment), which is roughly 7 feet in height and has an 
inclination of about 14 degrees (25 percent).  Signs of significant erosion or slope instability were not 
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observed along the northwestern slope during our site visit.  A drainage ditch is situated between Hwy 512 
and the northern side of the site.  Water was observed over a portion of this drainage ditch to a depth of 1-
foot or less during our field work on March 28, 2022.  

Two existing monitoring wells were observed on the property.  One monitoring well is located within the 
northeastern portion of the gravel lot, and a second monitoring well (DOE # BJI 189) is located in the 
paved parking area south of the existing building. 

GEOLOGIC SETTING 

The site lies within the Puget Lowland, a north-south trending depression bounded by the Cascade 
Mountain Range in the east, and the Olympic Mountains in the west. The surficial geology of the Puget 
Lowland has been shaped by glacial activity that deposited sediments during numerous cycles of advance 
and retreat over the past 2 million years. 

The Washington Department of Natural Resources (DNR) Geologic Information Portal website indicates 
that the property is located in an area that is predominantly underlain by Quaternary alluvium (Qa) 
consisting of “unconsolidated or semiconsolidated alluvial clay, silt, sand, gravel, and (or) cobble deposits; 
locally includes peat, muck, and diatomite”.  The southern portion of the site, extending south from about 
the southern side of the existing restaurant building, is mapped as Continental Glacial Drift (Qgd) 
consisting of “till and outwash clay, silt, sand, gravel, cobbles, and boulders deposited or originating from 
continental glaciers; locally includes peat, nonglacial sediments, modified land, and artificial fill”.  

FIELD INVESTIGATION  

Six (6) Cone Penetration Tests (CPTs) were completed to evaluate the subsurface soil and groundwater 
conditions at the project location.  The CPTs were conducted on March 30, 2022, using a subcontracted 
test rig and operator under the direction of a Krazan geotechnical engineer.  The CPTs, designated CPT-1 
through CPT-5 and CPT-2B, were advanced to depths of 27.0 to 46.3 feet bgs.  The CPT method consists 
of pushing an instrumented cone into the ground at a controlled rate and recording measured soil 
parameters, such as tip resistance, friction ration, and pore pressure.  In addition, shear wave testing was 
also conducted every 3 feet in CPT-2B, CPT-4, and CPT-5.  These measured parameters are used to 
determine geotechnical engineering properties of the soils encountered and to delineate soil stratigraphy, 
particularly for use with seismic and liquefaction analyses, and to develop seismic design parameters.  Soil 
samples are not obtained with cone penetration testing.   

Infiltration Testing:  Two infiltration test pits, designated IP-1 and IP-2, were excavated at the site on 
March 28, 2022, at the locations indicated on the Site Plan, Figure 2, to conduct small scale PITs.  Test 
pits IP-1 and IP-2 were excavated to depths of 7.1 and 4.7 feet bgs and to a bottom area of 18.5 and 13.0 
sf, respectively.  The subsurface soil and groundwater conditions encountered in the test pits are described 
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in the following section of this report.  Based on the subsurface conditions encountered, infiltration testing 
was not conducted in the test pits or at any other location on the site. 

A detailed description of the field investigation is presented in Appendix A.  The logs for the CPTs depict 
soil stratigraphy based on published correlations of the measured cone tip resistance and side friction with 
soil types.  The test pit and CPT logs are also included in Appendix A.  The approximate locations of the 
test pits and CPTs are shown on the Site Plan in Figure 2. 

SOIL PROFILE AND SUBSURFACE CONDITIONS 

Our field investigation exposed undocumented fill underlain by native alluvial and glacial soil deposits to 
the termination depths of the test pits and CPT explorations.  The relative density and/or consistency of 
the soils described below are based on either observation of the excavation effort of the equipment used 
to conduct the test pits, or on the measured tip resistances of the cone for the CPTs.   

Asphalt Pavement and Undocumented Fill:  CPT-4, CPT-5, and IP-2 were conducted within the paved 
areas of the site and encountered 3 to 3.5 inches of asphalt pavement underlain by 6 to 7.5 inches of moist, 
brown, silty sand (SM) with gravel base course material.  Up to roughly 3 feet of undocumented fill was 
encountered beneath the base course material and at the ground surface in the remaining explorations. 

Native Alluvial and Glacial Soils:  The undocumented fill was underlain by highly compressible, very 
soft to medium stiff organic silt, peat, sandy silt, and clay followed by very loose to medium dense sand 
with varying silt content to a depth of about 20 to 23 feet bgs.  The compressible alluvial soils ranged from 
about 2 feet thick in CPT-2 and CPT-2B to up to 9.5 feet thick in CPT-1 conducted within the northeastern 
portion of the site, to occasional layers up to 1-foot thick in the explorations conducted within the southern 
part of the site (CPT-3, CPT-4, and CPT-5). 

An approximately 12-foot thick layer of dense to very dense sand with gravel to gravel with sand was 
encountered beneath the loose alluvial sands in CPT-2 and CPT-2B, and extended to depths of 27 to 33 
feet bgs in the remaining CPTs due to refusal of the cone to further penetration in this dense soil layer. 

The dense sand in CPT-2 and CPT-2B was underlain by another stratum of very loose to medium dense 
alluvial sand ranging from about 5.5 to 12 feet thick, followed by dense to very dense glacial sand and 
gravel soils to their termination depths at about 39.1 and 46.3 feet bgs, respectively.  

Groundwater:  Porewater pressure dissipation tests conducted on March 30, 2022 in the CPTs indicated 
a groundwater level ranging between 1.2 to 3.7 feet bgs.  Shallow groundwater was also encountered in 
the test pits; however, after waiting 3 hours the water level was still rising so the test pits were backfilled 
for safety reasons.  Two monitoring wells installed by others, one near CPT-1 and the other near CPT-4, 
indicated water levels at 4.6 and 1.5 feet bgs.  A manhole cover for the communications line at the northeast 
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side of the site was removed during our March 28, 2022 site visit and the water level was measured at a 
depth of about 5.5 feet bgs. 

It should be recognized that groundwater elevations generally fluctuate with time.  The groundwater level 
will be dependent upon seasonal precipitation, irrigation, land use, climatic conditions, as well as other 
factors.  Therefore, groundwater levels at the time of our field investigation may be different from those 
encountered during the construction phase of the project.  The evaluation of such factors was beyond the 
scope of this report.  Design and operation of temporary dewatering systems to remove or lower 
groundwater to facilitate construction should be the responsibility of the contractor. 

The subsurface soils encountered in the test pits and CPTs were in general agreement with the mapped 
geology for the project area.  Groundwater conditions were consistent with the available DOE well data 
in the site vicinity. 

Shear Wave Velocity:  Shear wave velocity were obtained from the CPT-2B, CPT-4, and CPT-5, which 
were advanced to depths of about 27.0 to 46.3 feet bgs.  The shear wave velocities were measured to the 
maximum explored depth, and we have assumed similar site conditions continue below the explored depth.  
The measured shear wave velocities to the maximum explored depth ranged from about 333 feet per 
second to 1680 feet per second.  The average measured shear wave velocities in the upper 100 feet were 
estimated to be in the range of 778 to 1217 feet per second.   

GEOLOGIC HAZARDS 

Erosion Concern/Hazard 

The USDA Natural Resources Conservation Services (NRCS) map for Pierce County Area, Washington 
(WA653), classifies the soils in the site area as Shalcar muck (38A), 0 to 1 percent slopes. These soils are 
formed from organic material over alluvium deposited in flood plains, and are considered very poorly 
drained.  The typical shallow soil profile consists of muck and peat over silty clay and fine sandy loam.  
The NRCS Soil Survey indicates that the Shalcar muck soils belong to Hydrologic Soil Group D, whereby 
surface runoff is slow, and the erosion hazard is very low due to flowing water or wind.  The majority of 
the site is presently gravel-surfaced or asphalt paved, with the sloping ground along the northern, southern, 
and eastern sides of the property covered with grass, landscaping, and trees.  Measures to address potential 
erosion during construction are presented in the Erosion and Sediment Control (ESC) section of this report. 

Steep Slope Hazard 

Review of the City of Puyallup Hazards Map website indicate that there is an isolated slope in the 
northwestern corner of the site, which has been mapped as moderate susceptibility to deep seated landslide.  
There are slopes near the southeastern portion of the site that have been mapped as moderate susceptibility 
to deep seated landslide as well.  During our site visit we did not observe signs of recent slide scarps, 
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tension cracks, or slumps within the site that would indicate current deep-seated instability on the slopes 
within or near the property.  Signs of shallow soil movement and soil creep, such as curved tree trunks, 
were not observed on either of the slope areas.  Based on our exploration and surficial site reconnaissance, 
it is our opinion the mapped landslide hazard areas should not have an adverse effect on the proposed site 
development or vice-versa.   

Although the southeastern slope does not show signs of shallow or deep-seated hazard, this man-made 
embankment does show signs of construction-related issues with regard to erosion and instability.  Rock 
boulders in a sand matrix appear to support the southern slope embankment from the corner near the 
intersection of S Meridian Ave. extending westward.  Loose sand was noted between some of the rock 
boulders and a steel T-probe was able to penetrate to a depth of at least 3.5 feet bgs, while voids were 
noted at other locations between the rock boulders.  Signs of erosion were evident in the bare section of 
the embankment, and it appears rebar rods have been inserted into the ground near the top of slope at this 
location possibly as a measure to hinder lateral movement.  We recommend the erosion and instability 
concerns for this constructed embankment slope be addressed by either 1) re-constructing the access road 
embankment from its intersection with S Meridian Ave. down to the site level or 2) injecting high strength 
grout into this portion of the embankment through a series of horizontal and vertical holes.  All bare areas 
should then be properly vegetated following remediation of this portion of the southeaster slope.      

Seismic Hazard 

The 2018 International Building Code (IBC), Section 1613.3.2, refers to Chapter 20 of ASCE 7-16 for 
Site Class Definitions.  The site soil conditions encountered in CPT-2B, CPT-4 and CPT-5 correspond to 
“Site Class F” based on their liquefaction potential and, therefore, require a site-specific response analysis 
as per Section 20.3.1 of ASCE 7-16, unless the structure’s fundamental period of vibration is equal to or 
less than 0.5 seconds.  We have assumed that the structure will have a fundamental period of vibration of 
equal to or less than 0.5 seconds.  Therefore, a site response analysis was not performed.  Based on this 
exception, the site class was determined as per Section 20.3 of ASCE 7-16.  The spectral accelerations 
were determined as per Sections 11.4.4 and 11.4.5 of ASCE 7-16. 

The mapped Risk-Targeted Maximum Considered Earthquake (MCER) spectral response parameters for 
short periods and at 1 second (SS and S1) were obtained from the Applied Technology Council (ATC) 
Hazards website, which utilizes the most updated published data on seismic conditions from the United 
States Geological Survey.  The site coefficients (Fa and Fv) for “Site Class D” were selected based on the 
estimated average shear wave velocity of 1217, 778, and 899 feet per second in the upper 100 feet of cone 
penetration tests CPT-2B, CPT-4, and CPT-5, respectively.  The spectral response acceleration parameters 
(SMS, SDS, SM1, SD1) and short period (Ts) were determined as per Sections 11.4.4. 11.4.5, and 11.4.6 of 
ASCE 7-16.  The seismic design parameters for this site are based on a Risk Category II for the proposed 
structure and are presented in Table 1: 
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Table 1: Seismic Design Parameters* 

(Reference: 2018 IBC Section 1613.2.2, ASCE 7-16, and ATC) 

Seismic Item Value 

Site Coefficient Fa 1.000 
Ss 1.268 

SMS 0.1.268 

SDS 0.846 

Site Coefficient Fv 1.863 

S1 0.437 

SM1 0.814 

SD1 0.543 

Ts 0.642 

*Based on Equivalent Lateral Force (ELF) Design Procedure being used. 

Note:  If the structure’s fundamental period of vibration exceeds 0.5 seconds, a site response analysis will 
be required, which is beyond the scope of this report. 

Additional seismic considerations include liquefaction potential and amplification of ground motions by 
loose/soft soil deposits.  The liquefaction potential is highest for loose sand with a high groundwater table.  
Soil liquefaction is a state where soil particles lose contact with each other and become suspended in a 
viscous fluid.  This suspension of the soil grains results in a complete loss of strength as the effective stress 
drops to zero.  Liquefaction normally occurs under saturated conditions in soils such as sand in which the 
strength is purely frictional.  However, liquefaction has occurred in soils other than clean sand.  
Liquefaction usually occurs under vibratory conditions such as those induced by seismic events. 

We have reviewed the Washington DNR Geologic Information web-portal interactive map, the 
liquefaction Susceptibility Map of Pierce County, Washington (Palmer et al., 2004), and the USDA Soil 
Survey Map (WA653) with regards to soils and liquefaction susceptibility.  The maps indicate that the site 
is underlain by alluvial soils with the surface soils generally consisting of Shalcar muck (an organic, peat 
type soil).  The Shalcar muck is not susceptible to liquefaction but may experience large displacements 
during an earthquake event.  The alluvial soils are highly susceptible to liquefaction.  The Hazard Zones 
are based on the combined effects of ground shaking amplification, liquefaction, and earthquake-induce 
landslides.  At the request of our client, we have conducted a site-specific liquefaction analysis for this 
project.   
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To evaluate the liquefaction potential of the site, we analyzed the following factors: 

1) Soil type 

2) Groundwater depth 

3) Relative soil density 

4) Initial confining pressure 

5) Maximum anticipated intensity and duration of ground shaking 

Liquefaction Analysis: The commercially available liquefaction analysis software, NovoCPT from 
NovoTech, was used to evaluate the liquefaction potential and the possible liquefaction induced settlement 
for the site soil and groundwater conditions based on our explorations.  The analysis was performed using 
the information from seismic cone penetration tests CPT-2B and CPT-5.  The Maximum Considered 
Earthquake (MCE) was selected in accordance with the 2018 International Building Code (IBC) Chapter 
16 and the U.S. Geological Survey (USGS) Earthquake Hazards Program website.  For this analysis, a 
maximum earthquake magnitude of 7.1 and peak horizontal ground surface acceleration of 0.70g were 
used.   

We ran our analyses for groundwater at a depth of 1-foot bgs during the earthquake.  Our analyses 
indicated that the soils from the depth that groundwater was encountered to about 14 feet bgs were 
liquefiable under the maximum earthquake magnitude of 7.1.  The maximum liquefaction induced 
settlement for this type of seismic event is estimated to be on the order of approximately 1.3 to 2.4 inches 
(total settlement).  The dynamic differential settlement is estimated to be on the order of about ¼ to 1-inch 
over 50 feet. 

The CPT data revealed two zones of liquefiable soils at the site.  The upper zone encountered interbedded 
liquefiable layers ranging from 1 to 4 feet thick between a depth of about 4 to 21.5 feet bgs.  A second 
deeper zone contained frequent liquefiable soil layers up to 1-foot thick from a depth of about 33 to 43 
feet bgs.  The deeper liquefaction zone accounted for roughly sixty percent of the total dynamic settlement.   

Liquefaction-induced lateral spreading is lateral displacement of gently sloping ground as a result of pore 
pressure build-up or liquefaction in shallow deposits during an earthquake.  The conditions conducive to 
lateral spreading include gentle surface slope, shallow water table, and liquefiable cohesionless soils.  
Based on the relatively shallow groundwater level and sand soils encountered in the explorations, about 4 
to 10 inches of lateral spreading could occur as a result of a 7.1 magnitude earthquake event. 

The liquefaction analysis plots showing the factor of safety, vertical settlement, and lateral displacement 
are presented in Appendix A. 
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CONCLUSIONS AND RECOMMENDATIONS 

General 

It is our opinion from a geotechnical standpoint that the site is compatible with the planned development, 
provided that the geotechnical recommendations presented in this report are included in the project 
design and implemented during construction.   

Our field explorations at this site encountered very loose to medium dense sands with varying silt content, 
as well as highly compressible, very soft to soft organic silt/peat (Shalcar muck), clay, and sandy silt soils 
to a depth of about 23 feet bgs.  These soils are considered unsuitable bearing soils for support of the 
proposed ampm building on a shallow foundation system.  In addition, our liquefaction analyses indicated 
that the soils within the upper 21.5 feet of the site, as well as the soils encountered in a deeper zone between 
a depth of roughly 33 to 43 feet bgs, are liquefiable under a maximum earthquake magnitude of 7.1.  The 
maximum liquefaction induced settlement for this type of seismic event is estimated to be on the order of 
approximately 1.3 to 2.4 inches (total settlement), with dynamic differential settlement estimated to be on 
the order of about ¼ to 1-inch over 50 feet.  Therefore, a deep foundation system is recommended for 
support of the proposed ampm building.  A shallow foundation system may be considered for the fuel 
canopy and car wash structures, provided a portion of the unsuitable soils are over-excavated and replaced 
with structural fill and the risks associated with seismic-induced settlement are deemed acceptable.  
Recommendations for shallow and deep foundations are presented in the Foundations section of this 
report.   

Due to the shallow groundwater level and very loose to medium dense soils encountered at the proposed 
location of the USTs, temporary dewatering and shoring of the excavation sidewalls is anticipated to allow 
for installation of the tanks. 

The subsurface soils encountered on this site during our field exploration are considered extremely 
moisture-sensitive and may disturb easily in wet conditions.  We recommend that construction take place 
during the drier summer months, if possible.  In our opinion, the onsite undocumented fill and native soils 
are considered unsuitable for re-use as structural fill, and the cost to import structural fill should be 
included in the project budget.  

Stormwater Infiltration  

The City of Puyallup Municipal Code has adopted the 2014 (DOE) SWMMWW.  The SWMMWW 
references the small-scale PIT for field infiltration testing.  We excavated two test pits, IP-1 and IP-2, at 
the site to conduct infiltration testing.  However, due to the presence of undocumented fill material, organic 
silt/peat (Shalcar muck) and clay, and shallow groundwater, field infiltration tests were not conducted.  
Based on the subsurface soil and groundwater conditions encountered at the site, it is our opinion that 
onsite management of stormwater by infiltration is not considered feasible. 
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Site Preparation 

General site clearing should include removal of topsoil material, asphaltic concrete, abandoned utilities, 
and structures including foundations, slabs, rubble, and trash, down to native suitable soils.  In addition, 
any buried structures, such as grease traps, septic tanks, underground storage tanks, debris pits, cesspools, 
or similar structures, should be completely removed and backfilled with structural fill.   

The undocumented fill and the native very loose sands and very soft to medium stiff organic silt/peat, clay, 
and sandy or clayey silt encountered in our field explorations are considered unsuitable for support of the 
ampm building, fuel canopy structure, car wash structure, floor slabs and exterior slabs-on-grade, and 
pavement loads.  Based on the shallow groundwater levels encountered in our explorations conducted in 
March 2022, temporary dewatering measures will likely be required to conduct the over-excavation of 
unsuitable soils, especially if construction takes place during the “wet weather” season.  

We recommend the undocumented fill and unsuitable native soils be over-excavated to a depth of at least 
2 feet below the footing bearing level for shallow foundations or the planned subgrade elevation for slabs-
on-grade or pavements.  Deeper excavations may be required if soft and yielding soil conditions are 
exposed at the bottom of the over-excavation.  A layer of rock spalls should be placed on the excavation 
bottom and tamped in-place to provide a stable working surface for placement of structural fill.  We 
recommend a high-strength geotextile separation fabric, such as Mirafi 600X or equivalent, then be placed 
over the rock spalls.  After the fabric is placed, the area should be filled to the planned pavement subgrade 
elevation with structural fill.  The structural fill should be compacted to at least 95 percent of the maximum 
dry density (ASTM D1557) and to within 2 percent of the optimum moisture content.  In-place density 
tests should be performed to verify proper moisture content and adequate compaction levels are achieved 
in the structural fill.   

An existing restaurant building is located within the eastern central portion of the property where the 
Canopy and fuel pumps are planned, and extends into part of the proposed area of the future USTs.  The 
debris from demolition of the existing building should be hauled off-site.  As-built records for the existing 
building were not available at the time of this report.  Assuming the restaurant is supported on a shallow 
foundation system, then existing concrete footings should be completely removed within the footprint of 
the canopy structure, and to a depth of at least 1-foot below the planned subgrade elevation in new 
pavement or exterior slab-on-grade areas.  If the existing building is pile supported, the type and location 
of the piles will need to be evaluated prior to or during construction as information becomes available to 
determine if the piles should be left in-place, or partially or completely removed.    

Krazan & Associates should be onsite full-time during the demolition activities to document that all below-
grade structures have been properly removed and backfilled with properly placed and compacted structural 
fill, and that the resulting debris from the demolition activities has been hauled off-site and not re-used as 
fill at any location on the property. 
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All existing utilities should be completely removed from within planned structure areas.  For any utility 
line to be considered acceptable to remain, i.e. be abandoned in-place, within the structure footprint, the 
utility line must be completely filled with grout or sand-cement slurry, the ends outside the building area 
capped with concrete, and the existing trench backfill removed and replaced with properly placed and 
compacted structural fill.  Assessment of the level of risk posed by a particular utility line to the structure 
will determine whether the utility may be abandoned in-place or needs to be completely removed.  The 
risks associated with abandoning utilities in-place include the potential for future differential settlement 
of existing trench fills and/or potential ground loss into utility lines that are not completely filled with 
grout if the abandonment requirements stated above are not followed. 

Based on our field explorations, the near surface soils expected to be encountered at the site during 
construction are considered extremely moisture sensitive and will likely disturb easily in wet conditions.    
During wet weather conditions, subgrade stability problems and grading difficulties may develop due to 
the excess moisture, disturbance of sensitive soils, shallow groundwater levels, and/or the presence of 
perched groundwater.  Construction during extended periods of wet weather could result in the need to 
remove wet disturbed soils if they cannot be suitably compacted due to elevated moisture contents.  The 
prepared subgrade should be protected from construction traffic and surface water should be diverted 
around the prepared subgrade.  Soils that have become unstable may require over-excavation, or drying 
and recompaction.  Selective drying may be accomplished by scarifying or windrowing surficial material 
during extended periods of dry, warm weather (typically during the summer months).  If the soils cannot 
be dried back to a workable moisture condition, removal of the unstable soils or the use of remedial 
measures may be required.  These remedial measures could include placement of a blanket of rock spalls 
to protect the exposed subgrade and construction traffic areas.  The lateral extent and depth of rock spalls, 
if required, should be determined based on evaluation of the near surface soil conditions at the time of 
construction.   

General project site winterization should consist of the placement of aggregate base and the protection of 
exposed soils during the construction phase.  It should be understood that even if Best Management 
Practices (BMP’s) for wintertime soil protection are implemented and followed there is a significant 
chance that moisture disturbed soil mitigation work will still be required. 

A representative of our firm should be present during all site clearing and grading operations to test and 
observe earthwork construction.  This testing and observation are an integral part of our services, as 
acceptance of earthwork construction is dependent upon compaction and stability of the material.  The 
geotechnical engineer may reject any material that does not meet compaction and stability requirements.  
Further recommendations, contained in this report, are predicated upon the assumption that earthwork 
construction will conform to the recommendations set forth in this section and in the Structural Fill 
Section. 
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Dewatering 

Excavations will be required for installation of the USTs and site utilities, as well as for over-excavations 
required for construction of the slabs-on-grade, pavements, and structures supported on shallow 
foundations.  Based on the anticipated excavation depths and the shallow groundwater level encountered 
at the site, the excavations will extend below the groundwater table and thus require some method of 
dewatering.   

Sump pit and pumping methods may be able to handle groundwater encountered in shallow excavations 
depending on the time of year construction takes place, the planned excavation depth, and the soils 
encountered within the excavation.  The test pits conducted for this exploration encountered groundwater 
as shallow as 1.5 feet bgs, and cave-in of the pit sidewalls occurred in the very loose to loose soils at about 
the level groundwater was encountered. 

Deeper excavations, such as for installation of the USTs, will require more a more aggressive dewatering 
method, such as well points.  To maintain the stability of the excavation bottom, groundwater levels should 
be drawn down a minimum of 2 feet below the lowest portion of the excavation.  The groundwater level 
should be maintained below the recommended level until the backfill has been placed and compacted.     

Analysis of contractor dewatering needs or the design of contractor dewatering systems was not within 
the scope of our services.  A competent dewatering contractor should provide these services.  However, 
we have included some discussion of potential dewatering methods in the following paragraphs.  Krazan 
and Associates should review the contractor’s dewatering design for consistency with the geotechnical 
recommendations contained in this report. 

The method of dewatering ultimately selected is dependent on a number of factors, e.g. quantity of 
groundwater to be removed, cone of depression (zone of influence) of dewatering measures within the 
excavation, stability of the undocumented fill and native soils, the presence of seepage zones, and cost to 
name a few. 

Lowering the water table could induce settlements of the dewatered and underlying soils.  The dewatering 
engineer should evaluate the potential for dewatering-related settlement, and mitigation measures should 
be taken, as necessary.  If structures or utilities are located within the anticipated cone of depression, 
groundwater levels, settlement, and deflections at and near the structure or utility should be monitored 
during dewatering to observe if the groundwater level is changing and movement is occurring.  Dewatering 
should stop and appropriate corrective action should be taken if settlement or changes in groundwater 
levels are noted at these locations. 
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Temporary Excavations 

The onsite soils have variable friction and cohesion strengths, therefore the safe angles to which these 
materials may be cut for temporary excavations is variable, as the soils may be prone to caving and slope 
failures in temporary excavations deeper than about 2 feet or at the level where groundwater is 
encountered.  Temporary excavations in the fill material and underlying native soils should be sloped no 
steeper than 2H:1V (horizontal to vertical) where room permits.  Depending on site soil and groundwater 
conditions, it may be necessary to flatten the side slopes of the excavation and lower the groundwater level 
as necessary to achieve stable conditions.  Slope cuts into excavations greater than 20 feet in depth should 
be designed by a professional engineer for the contractor.    

All temporary cuts should be in accordance with Washington Administrative Code (WAC) Part N, 
Excavation, Trenching, and Shoring.  The temporary slope cuts should be visually inspected daily by a 
qualified person during construction work activities and the results of the inspections should be included 
in daily reports.  The contractor is responsible for maintaining the stability of the temporary cut slopes and 
minimizing slope erosion during construction.  The temporary cut slopes should be covered with plastic 
sheeting to help minimize erosion during wet weather and the slopes should be closely monitored as the 
area is backfilled.     

A Krazan & Associates geotechnical engineer should observe, at least periodically, the temporary cut 
slopes during the excavation work.  The reason for this is that all soil conditions may not be fully delineated 
by the limited testing at the site.  In the case of temporary slope cuts, the existing soil conditions may not 
be fully revealed until the excavation work exposes the soil.  Typically, as excavation work progresses, 
the maximum inclination of the temporary slope will need to be evaluated by the geotechnical engineer so 
that supplemental recommendations can be made.  Soil and groundwater conditions can be highly variable.  
If any variations or undesirable conditions are encountered during construction, Krazan & Associates 
should be notified so that supplemental recommendations can be made. 

Underground Storage Tanks (USTs)  

The specific plans for installation of the two new tanks were not available at the time of this report.  
However, we have assumed installation of the new tanks will generally follow the Underground Storage 
Tank Standards Element TP01 V-14.0 2019 Series Core drawings prepared by Barghausen Consulting 
Engineers, Inc. and dated January 25, 2019.  Based on these drawings and side by side tank installations, 
we anticipate the excavation will extend to a minimum depth of about 16 to 20 feet bgs.  We anticipate 
excavations for fuel lines, vent lines, and other utilities will generally be less than 4 feet deep.  Therefore, 
some type of temporary shoring system will be necessary to support the excavation sidewalls.  Due to the 
high groundwater level encountered at the site and the very loose to medium dense soils to be retained, we 
do not recommend the use of a soldier pile retaining wall system for support of the UST Excavation.  
Recommendations for a temporary sheet pile shoring system are provided below.   
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Lateral Earth Pressures:  The parameters presented in Table 2 may be used for design of a temporary 
shoring and/or bracing system. 

Table 2 - SOIL PARAMETERS FOR TEMPORARY SHORING DESIGN 

Material 
Description 

Depth 
(ft.) 

Angle of 
Internal 
Friction 
(degrees) 

Cohesion 
(psf) 

Moist Unit 
Weight  

(pcf) 

Active 
Earth 

Pressure 
Coefficient 

(Ka) 

Passive 
Earth 

Pressure 
Coefficient 

(Kp) 

Soil Layer 1:  very 
loose to medium 
dense Sands 

0 - 22 22 0 105 0.45 2.20 

Soil Layer 2 
(Native Soils):  
Dense to very dense 
Silty Sand, Gravelly 
Sand, or Sandy 
Gravel 

22 to 33  40 50 135 0.22 4.60 

The temporary shoring should be designed to resist the full hydrostatic pressure over the entire depth of 
the excavation.  The excavation support system may also be subjected to surcharge loads due to 
construction equipment, storage of materials, temporary storage of the tanks near the excavation, or 
loading of the tanks onto trucks for transport offsite.  We recommend the temporary shoring system be 
designed for a uniform lateral surcharge pressure of 300 pounds per square foot (psf) to account for these 
surcharge loads.  In addition, outriggers for cranes may impose point loads adjacent to the excavation and 
these loads should be included in design of the shoring system.  The shoring design should also consider 
loads from any structures, foundations, or existing utilities located within the zone of influence, which is 
taken as a 1 Horizontal to1 Vertical (1H:1V) line projected upwards from the bottom of the excavation.  
Excavations for installation of the USTs will require dewatering as discussed in the previous section of 
this report. 

The temporary sheet pile retaining wall should be designed by an experienced structural engineer licensed 
in the state of Washington.  In many cases, the contractor may have qualified structural engineers on board, 
or have a working relationship with qualified wall designers.  In any case, the wall designer should be 
provided a copy of our report, and we should be retained to review the geotechnical aspects of the shoring 
wall design prior to construction. 

If the shoring wall is allowed to yield at the top at least one thousandth of the height of the above ground 
portion of the wall, the wall should be designed for an active loading condition.  If the wall is restrained 
from yielding by external bracing, tiebacks, or wall stiffness, the wall should be designed for an at-rest 
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loading condition.  Active or at-rest pressure acting on the cantilevered sheet piles should be calculated 
based on a triangular pressure distribution using the soil parameters provided in Table 2.  Single- or 
multiple-braced walls should be designed using a trapezoidal earth pressure distribution.  A factor of safety 
of 1.5 should be applied to the calculated passive resistance.   

Our explorations did not encounter boulders.  However, boulders may be present in glacial soils and may 
cause obstruction.  Additionally, there may be obstructions in unexplored areas of the site.  The contractor 
should be prepared to penetrate or remove obstructions if they are encountered. 

Dewatering: - Porewater pressure dissipation tests conducted in the CPTs indicated groundwater levels at 
the time of testing in March 2022 at a depth of 1.5 to 3.7 feet bgs.  Installation of monitoring wells, 
piezometers, or conducting slug tests to evaluate site specific groundwater levels and pumping rates for 
dewatering analysis was not included in our scope of services for this project.  Analysis of contractor 
dewatering needs or the design of contractor dewatering systems was also not within the scope of our 
services.   

Excavation Subgrade: - Based on the referenced standard tank drawings, we understand that the new 
tanks will bear on a minimum of 12 inches of pea gravel placed over the native soils.  Based on the CPT 
results, the soils at the anticipated excavation bottom will likely consist of dense to very dense sand and 
gravel soils.  The contractor should be prepared to remove any accumulations of soft soils due to standing 
water in the excavation prior to placement of the pea gravel base layer.  Any over-excavation to remove 
soft soils should be backfilled with pea gravel meeting the requirements of the Structural Fill section of 
this report.   

Construction Considerations: - The excavation and backfilling activities associated with installation of 
the new tanks may cause ground movement.  Prior to conducting the excavation activities, a pre-
construction survey should be conducted on existing structures within a horizontal distance of at least 17 
feet from the edges of the excavation.  The pre-construction survey should include elevation measurements 
as well as photos of the existing structures.  Additional elevation measurements should be obtained at a 
reasonable frequency, but not less than once per week, to monitor movements during the excavation and 
backfilling process. 

The new tanks should be designed to resist hydrostatic uplift forces.  Concrete deadmen with straps could 
be utilized to provide additional uplift resistance for the fuel tank system. 

Utility Trenches and Backfill 

Excavations of up to 4 feet in depth are anticipated to install utilities associated with the new fuel tanks.  
Deeper excavations may be required to install site utilities.  The temporary excavations for installation of 
utilities should follow the recommendations of the Temporary Excavations section of this report. 



KA Project No. 062-22010 
Proposed ARCO ampm Fueling Facility 

Puyallup, WA 
May 6, 2022 
Page No. 17 

 
 

 
Krazan & Associates, Inc. 

Offices Serving the Western United States 
 

All utility trench backfill should consist of structural engineered fill as per the Structural Fill section of 
this report.  The onsite undocumented fill and native soils are considered unsuitable for re-use as trench 
backfill.  Trench backfill lifts should be placed in equal measures on each side of the utility pipe to the top 
of the pipe.  Trench backfill lifts should not exceed 8 inches in loose thickness prior to compaction, with 
the exception that the first lift placed over the pipe may be up to 14 inches in loose thickness.  Each lift of 
trench backfill should be moisture conditioned to within 2 percent of its optimum moisture content and 
compacted to the required relative density prior to placement of additional fill lifts.  

A firm and unyielding subgrade (i.e. bearing soils at bottom of trench) should allow for the proper 
placement of subsurface utilities.  If unstable soils are encountered at the utility trench bottom, we 
recommend placement of geotextile and quarry rock (rock spalls) on the bottom of utility trenches prior 
to placement of pipe bedding to provide a stable subgrade for placement of the pipe bedding, utility, and 
trench backfill.  The thickness of the rock spall layer will depend on the instability of the subgrade soils 
at the time of excavation.  Pipe bedding should be in accordance with the pipe manufacturer's 
recommendations.   

Utility trench backfill placed within or adjacent to buildings and exterior slabs should be compacted to at 
least 95 percent of the maximum dry density based on ASTM Test Method D1557.  It is recommended 
that utility trenches located within the building pad be compacted, as specified above, to minimize the 
transmission of moisture through the utility trench backfill.  The upper 5 feet of utility trench backfill 
placed in pavement areas should be compacted to at least 95 percent of the maximum dry density based 
on ASTM Test Method D1557.  Below 5 feet, utility trench backfill in pavement areas should be 
compacted to at least 90 percent of the maximum dry density based on ASTM Test Method D1557.  Pipe 
bedding should be in accordance with the pipe manufacturer's recommendations.   

The contractor is responsible for removing all moisture-sensitive soils from the trenches regardless of the 
backfill location and compaction requirements.  The contractor should use appropriate equipment and 
methods to avoid damage to the utilities and/or structures during fill placement and compaction. 

Structural Fill 

Fill placed beneath foundations, pavement, or other settlement-sensitive structures should be placed as 
structural fill.  Structural fill, by definition, is placed in accordance with prescribed methods and standards, 
and is monitored by an experienced geotechnical professional or soils technician under the direction of the 
geotechnical engineer.  Field monitoring procedures would include the performance of a representative 
number of in-place density tests on the soils to document the attainment of the desired degree of relative 
compaction and moisture content.  The area to receive the fill should be suitably prepared as described in 
the Site Preparation subsection of this report prior to beginning fill placement. 

Best Management Practices (BMP’s) should be followed when considering the suitability of the existing 
materials for use as structural fill.  Based on our field exploration, the undocumented fill and native soils 
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that will be encountered within roughly the upper 10 feet during site development are considered 
unsuitable for re-use as structural fill material due to their high fines content (percent silt and/or clay 
material passing the No. 200 Sieve), as well as organic content for the Shalcar muck encountered in our 
explorations.  These soils are considered extremely moisture-sensitive and will likely disturb easily in wet 
conditions.  Also, debris was observed in the undocumented fill within the test pits. 

An allowance for importing structural fill should be incorporated into the construction cost of the project.  
If deeper excavations, such as for installation of site utilities, are extended into the sands encountered 
beneath the organic silt/peat, clayey silt or clay soils, the sands may be re-used as structural fill provided 
that they can be dried back to near their optimum moisture content to attain the required level of 
compaction and they are separated from the organic silt, clayey silt,  layers encountered within the sand 
stratum.  During excavations, the sand and sandy silt soils should be stockpiled separately if plans are to 
try to re-use the sand as structural fill material.  If soil types other than those revealed during our field 
exploration are encountered during construction, then we should be consulted regarding the suitability of 
these soils for use as structural fill. 

Imported fill material should be all-weather structural fill consisting of well-graded gravel or a sand and 
gravel mixture with a maximum grain size of 3 inches and less than 5 percent fines (material passing the 
U.S. Standard No. 200 Sieve).  Structural fill may also consist of crushed rock, rock spalls, or Controlled 
Density Fill (CDF).  All structural fill material should be submitted for approval to the geotechnical 
engineer at least 48 hours prior to delivery to the site. 

Fill soils should be placed in horizontal lifts not exceeding 8 inches loose thickness, moisture-conditioned 
as necessary (moisture content of soil shall not vary by more than ±2 percent of its optimum moisture 
content), and compacted to at least 95 percent of the maximum dry density based on ASTM Test Method 
D1557 (Modified Proctor).  In-place density tests should be performed on all structural fill to document 
proper moisture content and adequate compaction levels have been attained.  Additional fill lifts should 
not be placed if the previous lift did not meet the compaction requirements or if soil conditions are not 
considered stable.  Placing several lifts of fill and then potholing down to each lift to conduct compaction 
testing is not acceptable, and will require complete removal of the fill down to the first lift.  Ponding or 
jetting the soil is not an approved method of soil compaction.   

Foundation Recommendations 

Liquefiable soils were encountered throughout the site and consideration of the risks associated with 
constructing on such soils should be considered when selecting a particular foundation system for support 
of a structure.  Our liquefaction analyses indicated that the soils within the upper 21.5 feet of the site, as 
well as the soils encountered in a deeper zone between a depth of roughly 33 to 43 feet bgs, are liquefiable 
under a maximum earthquake magnitude of 7.1.  The maximum liquefaction induced settlement for this 
type of seismic event is estimated to be on the order of approximately 1.3 to 2.4 inches (total settlement), 
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with dynamic differential settlement estimated to be on the order of about ¼ to 1-inch over 50 feet.  The 
following sections discuss the subsurface conditions anticipated at the ampm building, fuel canopy and 
pump stations, and car wash structure, and discusses the recommended foundation system for each of these 
structures.  

ampm Building:  The proposed ampm building will be located within the northeastern portion of the site.  
CPT-1, conducted within the footprint of the building, encountered undocumented fill overlying highly 
compressible organic silts, peat, and clay and loose sands to a depth of about 20 feet bgs.  The subsurface 
conditions are not considered suitable for foundation support on typical spread footings for both static and 
dynamic case scenario.  Therefore, a deep foundation system is recommended to completely penetrate 
through liquefiable zones and transfer the building loads through the undocumented fill and compressible 
native soils to be supported on the underlying dense to very dense native sand and gravel soils.   

Pin Piles:  A deep foundation system consisting of pin piles bearing at a minimum depth of 20 feet bgs is 
recommended for support of the ampm building, provided that the potential for liquefaction induced 
settlements of the deeper soils is considered acceptable.  Installation recommendations and allowable 
pile loads for 2-, 3-, and 4-inch diameter pipe piles are provided below.  The pile capacities stated are 
based on pile center to center spacing of at least 3 pile diameters to avoid group effects.   

For 2-inch diameter pipe piles driven to refusal using a hand-held, 90-pound jackhammer, we recommend 
a design axial compression capacity of three tons for each pile.  The refusal criterion for this pile and 
hammer size is defined as less than one inch of pile penetration during 60 seconds of continuous driving.  
We recommend using extra strong (Schedule 80) galvanized steel pipe for the 2-inch diameter pipe piles.   

We recommend that the 3-inch diameter pipe piles be driven using a hydraulic hammer with a weight class 
of at least 850 lbs.  For this pile diameter and hammer size, we recommend a design axial compression 
capacity of six tons for each pile driven to refusal.  The refusal criterion for this pile and hammer size is 
defined as less than one inch of pile penetration during 20 seconds of continuous driving.   

We recommend that the 4-inch diameter pipe piles be driven using a hydraulic hammer, with a weight 
class of at least 1,100 lbs.  For this pile and hammer size, we recommend a design capacity of ten tons for 
each pile driven to refusal.  The refusal criterion for this pile and hammer size is defined as less than one 
inch of pile penetration during 20 seconds of continuous driving.  

The above design capacities are based on theoretical numerical pile driving analysis.  We should be 
retained to review final plans, monitor installation of the piles, and evaluate pile refusal.  The pin piles 
should penetrate a minimum of 4 feet into the dense to very dense sand and gravel encountered at a depth 
of 20 feet bgs in order to develop the design capacity.  Piles that do not meet this minimum embedment 
criterion or piles that are obstructed on debris in the fill should be rejected, and replacement piles should 
be driven after consulting with the structural engineer regarding the new pile locations.  Due to the 
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relatively small slenderness ratio of pin piles, maintaining pin pile confinement and lateral support is 
essential to preventing pile buckling.  Pin piles should not stick above the finished ground surface.   

Although pin piles bearing at a depth of at least 20 feet bgs will mitigate the dynamic settlements 
anticipated from the liquefiable soils within the upper zone, it will not reduce the seismic induced 
settlements anticipated due to the deeper liquefiable soils.  It is estimated that about sixty percent of the 
dynamic settlement is attributed to the deeper liquefiable soils encountered at a depth of about 33 to 43 
feet bgs in our explorations.  It is anticipated that the pin piles will encounter refusal within the dense to 
very dense sand and gravel layer encountered at a depth of about 20 to 33 feet bgs.   

Steel Pipe or Auger Cast Piles:  In order to mitigate the magnitude of seismic-induced settlement 
associated with the deeper liquefiable soils, open-ended steel pile piles or auger cast piles, extending below 
the deeper liquefiable soils to bear at a minimum of 4 feet into the dense to very dense sand and gravel 
encountered at a depth of about 43 feet bgs, are recommended for support of the ampm building. 

Driven open-ended pile piles may be used to support the anticipated 30-kip foundation loads for the ampm 
building.  The allowable axial pile capacity for 8 and 10-inch diameter pipe pile are provided in Table 3.  
A factor of safety of 3.0 was used in the axial pile capacity calculations.  

Table 3:  Pipe Pile Capacities 

PILE DIAMETER  

(Inch) 

PILE CAPACITY  

(Kips) 

8 25 

10 38 

Auger cast piles may also be used to support the ampm building.  Auger cast piles are constructed with a 
hollow stem auger drilled to the desired depth.  After reaching the minimum recommended penetration 
into bearing soils, a pressure head is created when grout is pumped through the hollow stem of the auger 
and into the borehole before starting withdrawal of the auger.  After the head is developed, withdrawal of 
the auger is timed to maintain the grout pressure head and limit intrusion of loose soil into the sides of the 
pile excavation or discontinuity or “necking’ of the pile.  The actual volume of the grout pumped into each 
pile is recorded and compared to the theoretical volume of the pile.  Piles with a ratio of actual to theoretical 
volume less than 1.1 should be re-drilled.  Due to the loose/soft conditions of the near surface soils on this 
site, we recommend that the auger cast piles be allowed to cure for at least 12 hours prior to the installation 
of the adjacent piles or maintain at least 12 feet of horizontal distance. 
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Table 4 lists the allowable capacity for 10 and 12-inch diameter auger cast piles.  For design purposes, we 
recommend that these piles penetrate a minimum of 4 feet into the dense to very dense sand and gravel 
deposits encountered at a depth of 43 feet below the existing ground surface to provide adequate bearing.   

   Table 4:  Auger Cast Pile Capacities 

PILE 
DIAMETER  

(Inches) 

ALLOWABLE PILE 
CAPACITY  

(Kips) 

10 41 

12 60 

General - Final pile depths should be expected to vary somewhat and will depend on the actual depth of 
the existing fill and loose/soft native soils, and the nature of the underlying competent bearing soils.  Debris 
consisting of chunks asphalt pavement and broken clay pipe was present in the undocumented fill 
encountered in test pits IP-1 and IP-2, and may be encountered within the proposed building footprint.  
There is a possibility some piles may be obstructed.  There should be contingencies in the budget and 
design for removal of obstructions and/or additional/relocated piles to replace piles that may be obstructed 
by debris in the fill.  A structural engineer should prepare the structural design of the pile foundation 
system.   

The pile capacities listed in Tables 3 and 4 do not account for the effects of down drag forces.  Since finish 
grades are anticipated to be at or near existing grades, we do not anticipate that down drag will have an 
appreciable effect on the capacity of the deep foundation system provided our site preparation and 
foundation recommendations are followed. 

We recommend dynamic testing be conducted on at least one (1) indicator test pile installed within the 
building area in order to observe the installation characteristics of the piles, evaluate the suitability of the 
pile installation methods and equipment, and evaluate potential differences in the elevation that bearing 
soils are encountered, as well as the condition of the competent bearing soils.  The indicator test pile should 
be installed and tested prior to driving the production piles to obtain the installation driving criteria and 
provide a better indication of the optimum pile length of production piles.  Indicator test pile length and 
location should be selected by the geotechnical engineer, in conjunction with the structural engineer and 
contractor.  We recommend that the dynamic testing consist of taking measurements using a Pile Driving 
Analyzer (PDA) during driving, as well as during a re-strike of the indicator test pile following a minimum 
of 24 hours of driving, if necessary.  The purpose of the re-strike testing with the PDA is to determine the 
amount of additional pile capacity achieved once the pore pressures from pile driving have dissipated.  
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The indicator pile length should allow extra length for attachment of the PDA transducers and additional 
driving, if necessary due to soil conditions.  We should be retained to review final plans, monitor 
installation of the indicator and production piles (including recording of blows counts, depth to bearing 
soils, and embedment within competent bearing soils), and evaluate the PDA tests results.  The contractor 
should use the same equipment to install both the indicator and production piles, unless the results of the 
PDA testing indicates otherwise.    

We recommend a baseline survey of the nearby structures, consisting of photo documentation of the 
existing condition of the buildings, be conducted prior to the start of construction activities.  We also 
recommend the nearby existing structures be monitored for movement during pile driving activities.  A 
system of survey points should be established and baseline readings should be established prior to 
commencing with the pile driving activities.  Readings should be taken periodically until the piles are 
installed and these readings should be compared to the original baseline measurements. 

Deep Foundation Alternative - As an alternative to supporting the ampm building on a deep foundation 
system, consideration could be given to locating the proposed building within the southern portion of the 
site where more suitable subsurface conditions were encountered in terms of anticipated total static 
settlement.  However, dynamic settlement due to liquefiable soils would still be present at this alternative 
location, and the risks associated with seismic-induced settlements would have to be acceptable in order 
to support the building on a shallow foundation system.  In addition, some over-excavation of the 
undocumented fill and loose/soft native soils and replacement with structural fill would still be required 
to provide a stable bearing surface for the anticipated foundation loads.  Shallow foundation 
recommendations for this alternative would be similar to those presented in the following subsection for 
Canopy and Car Wash Structures.    

Canopy and Car Wash Structures:  We have assumed that design of the foundation system for the 
proposed canopy and car wash structures does not require consideration of seismic-induced dynamic 
settlements.  Therefore, these structures may be supported on a shallow foundation system provided that 
the recommendations stated in this section are followed during design and construction of the foundations.   

Based on CPT-3, CPT-4, and CPT-5, conducted within and near the locations of the proposed fuel canopy 
and car wash structures, the near surface soils within a depth of 10 feet bgs are anticipated to be 
undocumented fill underlain by loose native sands, with occasional soft silt or clay layers up to 1-foot 
thick.  The near surface soils are not considered suitable for support of the foundation loads.  We 
recommend that the undocumented fill and loose/soft native soils be removed to a depth of two (2) feet 
beneath the footings, with the over-excavation extending laterally from the outside edges of the footing a 
horizontal distance of one-half the width of the footing.  A layer of rock spalls or a high strength geotextile 
fabric should be placed over the soils at the bottom of the over-excavation.  The resulting excavation 
should then be backfilled with properly placed and compacted structural fill up to the planned footing 
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subgrade elevations.  Shallow foundations for the fuel canopy and car wash structures may then be 
supported on the structural fill.   

Based on the size of the structures and the minimum over-excavation requirements, it may be economical 
to remove the unsuitable bearing soils to a depth of two (2) feet below the bottom of the footings (bearing 
level) throughout the entire footprint of each structure, and extending a horizontal distance of 12 inches 
beyond the perimeter of the canopy or car wash foundations.  A representative of Krazan and Associates 
should evaluate the over-excavation grade and observe structural fill placement.  

New utilities should not be located within the load influence zone of the footing defined as an imaginary 
line extending out at 1 horizontal to 1 vertical (1H:1V) from the bottom outside edge of the footing.  
Depending on the location of the utility, it may be necessary to deepen the planned footing elevation such 
that the utility pipe is located above the footing zone of influence so the footing does not impose a 
surcharge load on the utility.  

We recommend that exterior footings bear a minimum depth of 18 inches below pad subgrade (soil grade) 
or adjacent exterior grade, whichever is lower, for frost protection and bearing capacity considerations.  
Interior footings should have a minimum depth of 12 inches below pad subgrade (soil grade) or adjacent 
exterior grade, whichever is lower.  Footing widths should be based on the anticipated loads and allowable 
soil bearing pressure, but should not be less than 12 inches wide regardless of load.  Additionally, footings 
should conform to current International Building Code (IBC) guidelines.  Water should not be allowed to 
accumulate in footing trenches.  All loose or disturbed soil should be removed from the foundation 
excavation prior to placing concrete. 

For foundations constructed as outlined above, we recommend that an allowable bearing capacity of 1,500 
pounds per square foot (psf) be used for foundation design for this project.  A representative of Krazan 
and Associates should evaluate the foundation bearing soil prior to footing form construction and evaluate 
all structural fill subgrade and monitor all structural fill placement.   

Resistance to lateral footing displacement can be computed using an allowable friction factor of 0.35 
acting between the bases of foundations and the supporting subgrade.  Lateral resistance for footings can 
alternatively be developed using an allowable equivalent fluid passive pressure of 300 pounds per cubic 
foot (pcf) for granular structural fill acting against the appropriate vertical footing faces (neglecting the 
upper 12 inches).  The allowable friction factor and allowable equivalent fluid passive pressure values 
include a factor of safety of 1.5.  The frictional and passive resistance of the soil may be combined without 
reduction in determining the total lateral resistance.  A 1/3 increase in the above values may be used for 
short duration wind and seismic loads.   

For foundations constructed as recommended, the total static settlement is not expected to exceed 1-inch.  
Differential settlement should be less than ½ inch.  Most settlement is expected to occur during 
construction, as the loads are applied. 
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Up to 2.4 inches of total seismic settlement and about ¼ to 1-inch of differential settlement could occur 
during and/or following a seismic event.  The foundation elements, i.e. spread and wall footings, could be 
structurally tied together to create a stiffer structure.  It should be noted that although this may reduce the 
damage associated with the anticipated seismic settlement, particularly that caused by differential 
settlement, it would not mitigate the anticipated total seismic settlement.  If the anticipated magnitude of 
the seismic settlement is deemed unacceptable, a deep foundation system could also be considered for 
support of either of these structures.  The deep foundation recommendations presented for the ampm 
building would be applicable for the fuel canopy or car wash if seismic-induced dynamic settlements are 
to be considered in design of the foundation system. 

Seasonal rainfall, water run-off, and the normal practice of watering trees and landscaping areas around 
the proposed structures should not be permitted to flood and/or saturate foundation subgrade soils.  To 
prevent the build-up of water within the footing areas, continuous footing drains (with cleanouts) should 
be provided at the base of footings.  The footing drains should consist of a minimum 4-inch diameter rigid 
perforated PVC pipe, sloped to drain, with perforations placed near the bottom and enveloped in all 
directions by washed rock and wrapped with filter fabric to limit the migration of silt and clay into the 
drain.   

Drilled Pier Alternative for Fuel Canopy Foundation - As an alternative to spread footings, the fuel 
canopy columns may be supported on drilled piers.  Drilled pier foundations are constructed by augering 
through the soils down to the design depth, installing steel reinforcement in the shaft, and then backfilling 
the shaft with concrete.  Typical drilled pier diameters for support of the lightly loaded fuel canopy 
structure generally range from 18 to 48 inches in diameter.  The drilled pier foundation supported on 
competent native alluvial soils may be designed with the following soil design parameters: 

• Estimated angle of internal friction: 30 degrees. 

• Estimated moist unit weight: 125 pounds per cubic foot (pcf). 

• Allowable fluid passive resistance: 350 pcf (neglecting the upper 24 inches and includes 1.5 factor 
of safety). 

Krazan & Associates should observe construction of the drilled piers to verify that the suitable bearing 
soils have been encountered at the bottom of the shaft prior to placement of steel reinforcement and 
concrete. 

Due to the shallow groundwater conditions encountered at the site, the use of temporary casing will likely 
be required to prevent caving of the surrounding soil during construction of the drilled piers.  Alternatively, 
construction of the drilled piers may use a slurry to maintain the integrity of the shaft during drilling and 
backfilling with concrete.  The reinforcement and concrete should be placed immediately following 
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excavation of the drilled shaft.  The concrete should be placed by tremie method and a head of at least 2 
feet of concrete should be maintained above the bottom of the casing during withdrawal from the shaft.    

Floor Slabs and Exterior Flatwork  

Based on the results of this investigation, undocumented fill and loose/soft native soils are anticipated to 
be encountered in the floor slabs and exterior flatwork subgrade.  The floor slab and exterior flatwork 
subgrade should be prepared in accordance with the recommendations presented in the Site Preparation 
section of this report, and may be designed using a modulus of subgrade reaction value of k = 150 pounds 
per cubic inch (pci) for slabs supported on structural fill extending to the native soils.   

In areas where it is desired to reduce floor dampness, such as areas covered with moisture sensitive floor 
coverings, we recommend that concrete slab-on-grade floors be underlain by a water vapor retarder 
system.  According to ASTM guidelines, the water vapor retarder should consist of a vapor retarder 
sheeting underlain by a minimum of 6-inches of compacted clean (less than 5 percent passing the U.S. 
Standard No. 200 Sieve) open-graded coarse rock of ¾-inch maximum size.  The vapor retarder sheeting 
should be protected from puncture damage.  In addition, ventilation of the structure may be prudent to 
reduce the accumulation of interior moisture. 

The exterior floors should be placed separately in order to act independently of the walls and foundation 
system.    

Lateral Earth Pressures and Retaining Walls 

It is not anticipated that permanent retaining walls will be required for this project.  However, in case 
retaining walls will be incorporated into the project design, we have developed criteria for the design of 
retaining or below grade walls.  Our design parameters are based on retention of the in-place soils and/or 
imported granular structural fill.  The parameters are also based on level, well-drained wall backfill 
conditions.  If other wall slope configurations are planned, we should be contacted to evaluate and provide 
additional recommendations for these cases.   

Walls may be designed as “restrained” retaining walls based on “at-rest” earth pressures, plus any 
surcharge on top of the walls as described below, if the walls are braced to restrain movement and/or 
movement is not acceptable.  Unrestrained walls may be designed based on “active” earth pressures, if the 
walls are not part of the building and some movement of the retaining walls is acceptable.  Acceptable 
lateral movement equal to at least 0.2 percent of the wall height would warrant the use of “active” earth 
pressure values for design.  We recommend that walls supporting horizontal backfill and not subjected to 
hydrostatic forces be designed using a triangular earth pressure distribution equivalent to that exerted by 
a fluid with a density of 35 pcf for yielding (active condition) walls, and 55 pcf for non-yielding (at-rest 
condition) walls. 
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If vehicular loads are expected to act on the surface of the wall backfill within a horizontal distance of less 
than or equal to one-half of the wall height behind the back face of the wall, a live load surcharge should 
be applied for the design.  In this case, we recommend the addition of vehicle surcharges of 70 psf and 
100 psf to the active and at-rest earth pressures, respectively.   

The stated lateral earth pressures do not include the effects of hydrostatic pressure generated by water 
accumulation behind the retaining walls or loads imposed by construction equipment, slopes, foundations, 
or roadways adjacent to the wall (surcharge loads).  To minimize the lateral earth pressure and prevent the 
build-up of water pressure against the walls, continuous footing drains should be provided at the base of 
walls.  The footing drains should consist of a minimum 4-inch diameter perforated pipe, sloped to drain, 
and with perforations placed near the bottom.  The drainpipe should be enveloped by 6 inches of washed 
gravel in all directions wrapped in filter fabric to prevent the migration of silt and clay into the drain.  
Below grade structures should be designed to withstand hydrostatic pressures due to the shallow 
groundwater encountered at the site.   

The backfill placed adjacent to the wall and extending a lateral distance of at least 2 feet behind the wall 
should consist of free-draining granular material.  All free-draining backfill should contain less than 5 
percent fines (material passing the U.S. Standard No. 200 Sieve) with at least 30 percent of the material 
retained on the U.S. Standard No. 4 Sieve.  Alternatively, a drainage composite may be used.  It should be 
realized that the primary purpose of the free-draining material is the reduction of hydrostatic pressure.  
Some potential for the moisture to contact the back face of the wall may exist, even with treatment, which 
may require that more extensive waterproofing be specified for walls that require interior moisture 
sensitive finishes.   

We recommend that backfill placed within a lateral distance of 3 feet behind the wall be compacted to 
between 92 and 95 percent of the maximum dry density based on ASTM D1557 Test Method to limit 
stressed on the retaining wall from compaction of the backfill.  In-place density tests should be performed 
to verify adequate compaction and moisture content.  Soil compaction equipment places transient 
surcharge loads on the backfill.  Consequently, only light, hand-operated equipment is recommended for 
fill compaction within a 3-foot horizontal distance of the wall so that excessive stress is not imposed on 
the wall.  Backfill placed greater than 3 feet from the wall should be compacted to at least 95 percent 
relative density in accordance with ASTM D1557, which may be conducted using conventional 
compaction equipment. 

Erosion and Sediment Control 

Erosion and sediment control (ESC) is used to minimize the transportation of sediment to wetlands, 
streams, lakes, drainage systems, and adjacent properties.  Erosion and sediment control measures should 
be taken and these measures should be in general accordance with local regulations.  At a minimum, the 
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following basic recommendations should be incorporated into the design of the erosion and sediment 
control features of the site: 

1) Phase the soil, foundation, utility, and other work, requiring excavation or the disturbance of the 
site soils, to take place during the dry season (generally May through September).  However, 
provided precautions are taken using Best Management Practices (BMPs), grading activities can 
be undertaken during the wet season (generally October through April).  It should be noted that 
this typically increases the overall project cost. 

2) All site work should be completed and stabilized as quickly as possible. 

3) Additional perimeter erosion and sediment control features may be required to reduce the 
possibility of sediment entering the surface water.  This may include additional silt fences, silt 
fences with a higher Apparent Opening Size (AOS), construction of a berm, or other filtration 
systems. 

4) Any runoff generated by dewatering discharge should be treated through construction of a 
sediment trap if there is sufficient space.  If space is limited other filtration methods will need to 
be incorporated. 

It has been our experience that soil erosion potential can be minimized by limiting the amount of bare 
areas exposed during construction activities, frequently wetting the surface soils during construction, and 
with proper landscaping of the site following completion of construction.  Construction activities can alter 
the erosion potential of soils due to water.  Typically, erosion of exposed soils will be most noticeable 
during periods of rainfall and may be mitigated by the use of temporary erosion control measures, such as 
silt fences, hay bales, straw wattles, mulching, control ditches or diversion trenching, and contour 
furrowing.  The walls of excavations should be covered with plastic sheeting during periods of rainfall.  
Erosion control measures should be in place before the onset of wet weather. 

Groundwater Influence on Structures and Earthwork Construction 

Groundwater was encountered at depths of ranging between 1.5 to 3.7 feet bgs based on observations 
during excavation of the test pits and pore water dissipations tests conducted in the CPTs.  It should be 
recognized that groundwater elevations may fluctuate with time.  The groundwater level will be dependent 
upon seasonal precipitation, irrigation, land use, and climatic conditions, as well as other factors.  
Therefore, groundwater levels at the time of the field investigation may be different from those 
encountered during the construction phase of the project.  The evaluation of such factors is beyond the 
scope of this report. 

If earthwork is performed during or soon after periods of precipitation, the subgrade soils may become 
saturated.  These soils may not respond to densification techniques due to the excessive moisture.  Typical 
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remedial measures include: disking and aerating the soil during dry weather; mixing the soil with drier 
materials; removing and replacing the soil with an approved fill material.  Krazan & Associates should be 
consulted prior to implementing remedial measures to observe the unstable subgrade conditions and 
provide appropriate recommendations. 

Due to the shallow groundwater encountered at the site, below grade structures such as the USTs, should 
be designed to result uplift pressures. 

Drainage and Landscaping 

The ground surface should slope away from building pads and pavement areas, toward appropriate drop 
inlets or other surface drainage devices.  It is recommended that adjacent exterior grades be sloped a 
minimum of 2 percent for a minimum distance of 5 feet away from structures.  Roof drains should be tight 
lined away from foundations.  Roof drains should not be connected to the footing drains, but may use the 
same outfall piping if connected well away from the structure and with enough fall such that roof water 
will not back-up into the footing drains.   

Subgrade soils in pavement areas should be inclined at a minimum of 1 percent and drainage gradients 
should be maintained to carry all surface water to collection facilities, and suitable outlets.  These grades 
should be maintained for the life of the project. 

Water should not be allowed to collect adjacent to the structures.  Excessive irrigation within landscaped 
areas adjacent to the structure should not be allowed to occur. 

Pavement Design 

The undocumented fill and native soils encountered at the site are unsuitable for support of pavement 
loads.  The pavement subgrade should be prepared in accordance with the recommendations presented in 
the Site Preparation section of this report.  Traffic loads were not provided, however, based on our 
knowledge of the proposed project, we expect the traffic to range from light duty (passenger automobiles) 
to heavy duty (fire trucks and delivery trucks).  The following tables show the minimum recommended 
pavement sections for both light and heavy-duty traffic loads. 

ASPHALTIC CONCRETE (FLEXIBLE) PAVEMENT 
 

Asphaltic Concrete Aggregate Base* 
3.0 in. 6.0 in. 

 

PORTLAND CEMENT CONCRETE (RIGID) PAVEMENT 
4000 psi with FIBER MESH 
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Min. PCC Depth Aggregate Base* 
6.0 in. 6.0 in. 

 

*  95% compaction based on ASTM Test Method D1557 

The asphaltic concrete depth in the flexible pavement tables should be a surface course type asphalt, such 
as Washington Department of Transportation (WSDOT) ½-inch Hot Mix Asphalt (HMA).  The pavement 
specification in Appendix C provides additional recommendations including aggregate base material.  The 
rigid pavement design is based on a Portland Cement Concrete (PCC) mix that has a 28-day compressive 
strength of 4,000 pounds per square inch (psi) with a fiber mesh.  The design is also based on a concrete 
flexural strength or modulus of rupture of 575 psi. 

Testing and Inspection 

A representative of Krazan & Associates, Inc. should be present at the site during the earthwork activities 
to confirm that actual subsurface conditions, including foundation bearing soils, are consistent with those 
exposed during our exploratory field work.  This activity is an integral part of our services as acceptance 
of earthwork construction is dependent upon compaction testing and stability of the material.  This 
representative can also verify that the intent of our recommendations has been incorporated into the project 
design and construction.  Krazan & Associates, Inc. will not be responsible for grades or staking, since 
this is the responsibility of the Prime Contractor.  Furthermore, Krazan & Associates is not responsible 
for the contractor’s procedures, methods, scheduling, or management of the work site. 

LIMITATIONS 

Geotechnical engineering is one of the newest divisions of Civil Engineering.  This branch of Civil 
Engineering is constantly improving as new technologies and understanding of earth sciences improves.  
Although your site was analyzed using the most appropriate current techniques and methods, undoubtedly 
there will be substantial future improvements in this branch of engineering.  In addition to improvements 
in the field of geotechnical engineering, physical changes in the site either due to excavation or fill 
placement, new agency regulations, or possible changes in the proposed structure after the time of 
completion of the soils report may require the soils report to be professionally reviewed.  In light of this, 
the owner should be aware that there is a practical limit to the usefulness of this report without critical 
review.  Although the time limit for this review is strictly arbitrary, it is suggested that two years be 
considered a reasonable time for the usefulness of this report. 

This report has been prepared for the exclusive use of BP Products North America Inc. and their assigns, 
for the specific application to the subject site.  Foundation and earthwork construction are characterized 
by the presence of a calculated risk that soil and groundwater conditions have been fully revealed by the 
original geotechnical investigation.  This risk is derived from the practical necessity of basing 
interpretations and design conclusions on limited sampling of the earth.  Our report, design conclusions, 



KA Project No. 062-22010 
Proposed ARCO ampm Fueling Facility 

Puyallup, WA 
May 6, 2022 
Page No. 30 

 
 

 
Krazan & Associates, Inc. 

Offices Serving the Western United States 
 

and interpretations should not be construed as a warranty of the subsurface conditions.  Actual subsurface 
conditions may differ, sometimes significantly, from those indicated in this report.   

The recommendations made in this report are based on the assumption that soil conditions do not vary 
significantly from those encountered during our field investigation.  The findings and conclusions of this 
report can be affected by the passage of time, seasonal weather conditions, manmade influences such as 
construction on or adjacent to the site, and natural events such as earthquakes, slope instability, flooding, 
or groundwater fluctuations.  If any variations or undesirable conditions are encountered during 
construction, the geotechnical engineer should be notified so that supplemental recommendations can be 
made. 

The conclusions of this report are based on the information provided regarding the proposed construction.  
If the proposed construction is relocated or redesigned, the conclusions in this report may not be valid.  
The geotechnical engineer should be notified of any changes so that the recommendations can be reviewed 
and re-evaluated. 

Misinterpretations of this report by other design team members can result in project delays and cost over-
runs.  These risks can be reduced by having Krazan & Associates, Inc. involved in the design team’s 
meetings and discussions prior to and following submission of the geotechnical report.  Krazan & 
Associates, Inc. should also be retained to review pertinent elements of the design team’s plans and 
specifications.  To reduce the risk of contractors misinterpreting the recommendations of this report, 
Krazan & Associates should participate in pre-bid and preconstruction meetings, and provide construction 
observations and testing during the site work. 

This report is a geotechnical engineering investigation with the purpose of evaluating the soil conditions 
in terms of foundation design.  The scope of our geotechnical engineering services did not include any 
environmental site assessment for the presence or absence of hazardous and/or toxic materials in the soil, 
groundwater or atmosphere, or the presence of wetlands.  Any statements, or absence of statements, in this 
report or on any test pit or CPT logs regarding odors, unusual or suspicious items, or conditions observed 
are strictly for descriptive purposes and are not intended to convey engineering judgment regarding 
potential hazardous and/or toxic assessments.  

The geotechnical information presented herein is based upon professional interpretation utilizing standard 
engineering practices and a degree of conservatism deemed proper for this project.  It is not warranted that 
such information and interpretation cannot be superseded by future geotechnical developments.  We 
emphasize that this report is valid for this project as outlined above, and should not be used for any other 
site.  Our report is prepared for the exclusive use of our client.  No other party may rely on the product of 
our services unless we agree in advance to such reliance in writing. 

If you have any questions, or if we may be of further assistance, please do not hesitate to contact our office 
at (253) 939-2500. 
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Respectfully submitted, 

KRAZAN & ASSOCIATES, INC. 

                                                             5/6/2022 
  
 
 
 
 
 
 
 
 
 

 
Theresa R. Nunan  Vijay Chaudhary, P.E. 
Project Manager  Assistant Regional Engineering Manager
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APPENDIX A 

FIELD INVESTIGATION AND LIQUEFACTION ANALYSIS 

Field Investigation 

The field investigation consisted of a surface reconnaissance and a subsurface exploration program.  Six 
(6) Cone Penetrometer Tests (CPTs) were conducted for the subsurface investigation at this site.  The 
CPTs were advanced to depths of about 27.0 to 46.3 feet bgs using a subcontracted testing rig.  Porewater 
pressure dissipation tests were conducted in all of the CPTs for evaluation of the static groundwater level 
at the time of the explorations.  Seismic shear wave testing was conducted in CPT-2B, CPT-4, and CPT-
5 for use in determining seismic design parameters.   

Two (2) test pits were excavated on March 28, 2022 to depths of 4.7 and 7.1 feet bgs using a subcontracted 
excavator and equipment operator.  A geotechnical engineer from Krazan and Associates was present 
during the explorations, visually classified the soils obtained in the test pits in general accordance with the 
Unified Soil Classification System (USCS), and maintained logs of the test pits.  

The test pit and CPT explorations were located in the field based on existing site features, and their 
approximate locations are shown on the Site Plan (Figure 2).  The test pit and CPT logs are presented in 
this Appendix.  The depths shown on the attached logs are from the existing ground surface at the time of 
our exploration.  The ground surface elevations included on the CPT logs are based on information 
presented on the Alta/NSPS Land Title Survey prepared by Barghausen Consulting Engineering, Inc. and 
dated April 19, 2022. 

Liquefaction Analysis 

The commercially available liquefaction analysis software, NovoCPT from NovoTech, was used to 
evaluate the liquefaction potential and the possible liquefaction induced settlement for the site soil and 
groundwater conditions based on our explorations.  The analysis was performed using the information 
from the CPTs.  The results of the liquefaction analyses are included in this appendix. 
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Duration: 305.0 s
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APPENDIX B 

EARTHWORK SPECIFICATIONS 

GENERAL 

When the text of the report conflicts with the general specifications in this appendix, the recommendations 
in the report have precedence. 

SCOPE OF WORK:  These specifications and applicable plans pertain to and include all earthwork 
associated with the site rough grading, including but not limited to the furnishing of all labor, tools, and 
equipment necessary for site clearing and grubbing, stripping, preparation of foundation materials for 
receiving fill, excavation, processing, placement and compaction of fill and backfill materials to the lines 
and grades shown on the project grading plans, and disposal of excess materials. 

PERFORMANCE:  The Contractor shall be responsible for the satisfactory completion of all earthwork 
in accordance with the project plans and specifications.  This work shall be inspected and tested by a 
representative of Krazan and Associates, Inc., hereinafter known as the Geotechnical Engineer and/or 
Testing Agency.  Attainment of design grades when achieved shall be certified by the project Civil 
Engineer.  Both the Geotechnical Engineer and Civil Engineer are the Owner’s representatives.  If the 
contractor should fail to meet the technical or design requirements embodied in this document and on the 
applicable plans, he shall make the necessary readjustments until all work is deemed satisfactory as 
determined by both the Geotechnical Engineer and Civil Engineer.  No deviation from these specifications 
shall be made except upon written approval of the Geotechnical Engineer, Civil Engineer or project 
Architect.  

No earthwork shall be performed without the physical presence or approval of the Geotechnical Engineer.  
The Contractor shall notify the Geotechnical Engineer at least 2 working days prior to the commencement 
of any aspect of the site earthwork.  The Contractor agrees that he shall assume sole and complete 
responsibility for job site conditions during the course of construction of this project, including safety of 
all persons and property; that this requirement shall apply continuously and not be limited to normal 
working hours; and that the Contractor shall defend, indemnify and hold the Owner and the Engineers 
harmless from any and all liability, real or alleged, in connection with the performance of work on this 
project, except for liability arising from the sole negligence of the Owner of the Engineers. 

TECHNICAL REQUIREMENTS:  All compacted materials shall be moisture conditioned to within 2 
percent of the materials optimum moisture content and compacted to a density not less than 95 percent of 
maximum dry density as determined by ASTM Test Method D1557, unless specified otherwise in the 
technical portion of the Geotechnical Engineering Report.  The results of these tests and compliance with 
these specifications shall be the basis upon which satisfactory completion of work will be judged by the 
Geotechnical Engineer. 

SOIL AND FOUNDATION CONDITIONS:  The Contractor is presumed to have visited the site and 
to have familiarized himself with existing site conditions and the contents of the data presented in the soil 
report.  The Contractor shall make his own interpretation of the data contained in said report, and the 
Contractor shall not be relieved of liability under the contractor for any loss sustained as a result of any 
variance between conditions indicated by or deduced from said report and the actual conditions 
encountered during the progress of the work. 
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DUST CONTROL:  The work includes dust control as required for the alleviation or prevention of any 
dust nuisance on or about the site or the borrow area, or off-site if caused by the Contractor’s operation 
either during the performance of the earthwork or resulting from the conditions in which the Contractor 
leaves the site.  The Contractor shall assume all liability, including Court costs of codefendants, for all 
claims related to dust or windblown materials attributable to his work. 

SITE PREPARATION 

Site preparation shall consist of site clearing and grubbing and preparations of foundation materials for 
receiving fill. 

CLEARING AND GRUBBING: The Contractor shall accept the site in this present condition and shall 
demolish and/or remove from the area of designated project earthwork all structures, both surface and 
subsurface, trees, brush, roots, debris, organic matter, and all other matter determined by the Geotechnical 
Engineer to be deleterious.  Such materials shall become the property of the Contractor and shall be 
removed from the site. 

Tree root systems in proposed building area should be removed to a minimum depth of 3 feet and to such 
an extent which would permit removal of all roots larger than 1 inch.  Tree roots removed in parking areas 
may be limited to the upper 1½ feet of the ground surface.  Backfill or tree root excavation should not be 
permitted until all exposed surfaces have been inspected and the Geotechnical Engineer is present for the 
proper control of backfill placement and compaction.  Burning in areas which are to receive fill materials 
shall not be permitted. 

SUBGRADE PREPARATION:  Subgrade should be prepared as described in our site preparation 
section of this report. 

EXCAVATION:  All excavations shall be accomplished to the tolerance normally defined by the Civil 
Engineer as shown on the project grading plans.  All excavations extending beyond the excavation or over-
excavation limits specified shall be backfilled at the Contractor’s expense and shall be compacted in 
accordance with the applicable technical requirements. 

FILL AND BACKFILL MATERIAL:  No material shall be moved or compacted without the presence 
of the Geotechnical Engineer.  Material from the required site excavation may be utilized for construction 
site fills provided prior approval is given by the Geotechnical Engineer and the compaction requirements 
can be met.  All materials utilized for constructing site fills shall be free from vegetable or other deleterious 
matter as determined by the Geotechnical Engineer. 

PLACEMENT, SPREADING AND COMPACTION:  The placement and spreading of approved fill 
materials and the processing and compaction of approved fill and native materials shall be the 
responsibility of the Contractor.  However, compaction of fill materials by flooding, ponding, or jetting 
shall not be permitted.  Both cut and fill shall be compacted to the satisfaction of the Geotechnical 
Engineer prior to final acceptance. 

SEASONAL LIMITS:  No fill material shall be placed, spread, or rolled while it is frozen or thawing or 
during unfavorable wet weather conditions.  When the work is interrupted by heavy rains, fill operations 
shall not be resumed until the Geotechnical Engineer indicates that the moisture content and density of 
previously placed fill are as specified. 



Appendix C 
Page C.1 

 
 

 
Krazan and Associates, Inc. 

Ten Offices Serving the Western United States 
 
 

APPENDIX C 

PAVEMENT SPECIFICATIONS 

1.  DEFINITIONS – The term “pavement” shall include asphalt concrete surfacing, untreated aggregate 
base, and aggregate subbase.  The term “subgrade” is that portion of the area on which surfacing, base, or 
subbase is to be placed. 

2.  SCOPE OF WORK – This portion of the work shall include all labor, materials, tools, and equipment 
necessary for and reasonably incidental to the completion of the pavement shown on the plans and as 
herein specified, except work specifically notes as “Work Not Included.” 

3.  PREPARATION OF THE SUBGRADE – Subgrade should be prepared as described in our site 
preparation and pavement design sections of this report. 

4.  AGGREGATE BASE – The aggregate base shall be spread and compacted on the prepared subgrade 
in conformity with the lines, grades, and dimensions shown on the plans.  The aggregate base should 
conform to WSDOT Standard Specification for Crushed Surfacing Base Course or Top Course (Item 9-
03.9(3)).  The base material shall be compacted to a minimum compaction of 95% as determined by ASTM 
D1557 Modified Proctor.  Each layer of subbase shall be tested and approved by the Geotechnical Engineer 
prior to the placement of successive layers. 

5.  ASPHALTIC CONCRETE SURFACING – Asphaltic concrete surfacing shall consist of a mixture 
of mineral aggregate and paving grade asphalt, mixed at a central mixing plant and spread and compacted 
on a prepared base in conformity with the lines, grades, and dimensions shown on the plans.  The drying, 
proportioning, and mixing of the materials shall conform to WSDOT Specifications.  The surface course 
shall be placed with an approved self-propelled mechanical spreading and finishing machine. 

The prime coat, spreading and compaction equipment, as well as the process of spreading and compacting 
the mixture, shall conform to WSDOT Specifications, with the exception that no surface course shall be 
placed when the atmospheric temperature is below 50 degrees F.  The surfacing shall be rolled with 
combination steel-wheel and pneumatic rollers, as described in WSDOT Specifications.  The surface 
course shall be placed with an approved self-propelled mechanical spreading and finishing machine. 

6.  TACK COAT – The tack (mixing type asphaltic emulsion) shall conform to and be applied in 
accordance with the requirements of WSDOT Specifications. 

 



 

 

 

APPENDIX B 
WELL LOGS 
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APPENDIX C 
WATER RIGHTS 
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APPENDIX D 
WATER QUALITY EXCEEDANCE DATA 

  



LevelType LevelTypeName Source SrcDOEId LabNum SamNum SamCollectDate ResultQty
Result
Coli

UOMCod
e UOMName

AnalyteGro
upCode AnalyteGroupName

TestPanelCo
de TestPanelName AnalyteName

MCL2 Secondary MCL Distribution 81 61977 4/3/1978 0.47 mg/L Milligrams per Liter IOC INORGANIC CONTAMINANTS ICHEM PRE II/V INORGANIC ANALYSIS IRON
MCL2 Secondary MCL Distribution 81 61977 4/3/1978 0.056 mg/L Milligrams per Liter IOC INORGANIC CONTAMINANTS ICHEM PRE II/V INORGANIC ANALYSIS MANGANESE
MCL2 Secondary MCL Distribution 51 4747 9/2/1981 0.108 mg/L Milligrams per Liter IOC INORGANIC CONTAMINANTS ICHEM PRE II/V INORGANIC ANALYSIS MANGANESE
MCL2 Secondary MCL 3 10G123 51 7241 6/25/1984 0.35 mg/L Milligrams per Liter IOC INORGANIC CONTAMINANTS ICHEM PRE II/V INORGANIC ANALYSIS MANGANESE
MCL2 Secondary MCL Distribution 51 7240 6/25/1984 5.5 mg/L Milligrams per Liter IOC INORGANIC CONTAMINANTS ICHEM PRE II/V INORGANIC ANALYSIS IRON
MCL2 Secondary MCL Distribution 51 7240 6/25/1984 0.198 mg/L Milligrams per Liter IOC INORGANIC CONTAMINANTS ICHEM PRE II/V INORGANIC ANALYSIS MANGANESE
MCL2 Secondary MCL 3 10G123 51 9568 3/9/1987 0.079 mg/L Milligrams per Liter IOC INORGANIC CONTAMINANTS ICHEM PRE II/V INORGANIC ANALYSIS MANGANESE
MCL2 Secondary MCL 3 10G123 89 4721 1/22/1990 0.068 mg/L Milligrams per Liter IOC INORGANIC CONTAMINANTS ICHEM PRE II/V INORGANIC ANALYSIS MANGANESE
MCL2 Secondary MCL 3 10G123 89 14546 7/14/1993 0.12 mg/L Milligrams per Liter IOC INORGANIC CONTAMINANTS ICHEM PRE II/V INORGANIC ANALYSIS MANGANESE
MCL2 Secondary MCL 8 89 20794 4/10/1995 0.79 mg/L Milligrams per Liter IOC INORGANIC CONTAMINANTS IOC COMPLETE INORGANIC ANALYSIS IRON
MCL2 Secondary MCL 8 89 20794 4/10/1995 0.085 mg/L Milligrams per Liter IOC INORGANIC CONTAMINANTS IOC COMPLETE INORGANIC ANALYSIS MANGANESE
MCL2 Secondary MCL 2 89 23037 5/1/1995 11 mg/L Milligrams per Liter IOC INORGANIC CONTAMINANTS IOC COMPLETE INORGANIC ANALYSIS IRON
MCL2 Secondary MCL 8 89 21091 5/9/1995 0.062 mg/L Milligrams per Liter IOC INORGANIC CONTAMINANTS IOC COMPLETE INORGANIC ANALYSIS MANGANESE
MCL2 Secondary MCL Distribution 89 21614 6/28/1995 0.181 mg/L Milligrams per Liter IOC INORGANIC CONTAMINANTS IOC COMPLETE INORGANIC ANALYSIS MANGANESE
P Coliform Presence Distribution 89 13271 4/15/1996 P /100ml Per 100 milliliters MICRO MICROBIOLOGICAL COLI_AP ABSENCE / PRESENCE TOTAL COLIFORM
MCL2 Secondary MCL 3 10G123 89 26059 8/15/1996 0.069 mg/L Milligrams per Liter IOC INORGANIC CONTAMINANTS IOC COMPLETE INORGANIC ANALYSIS MANGANESE
MCL1 Primary MCL 5 10G092 89 73213 8/27/1996 221.4 ug/L Micrograms per Liter DBP DISINFECTION BY PRODUCTS THM TOTAL TRIHALOMETHANE MAXIMUM TTHM POTENTIAL
MCL1 Primary MCL 8 89 73215 8/27/1996 110.5 ug/L Micrograms per Liter DBP DISINFECTION BY PRODUCTS THM TOTAL TRIHALOMETHANE MAXIMUM TTHM POTENTIAL
MCL1 Primary MCL 9 89 73216 8/27/1996 102.7 ug/L Micrograms per Liter DBP DISINFECTION BY PRODUCTS THM TOTAL TRIHALOMETHANE MAXIMUM TTHM POTENTIAL
P Coliform Presence Distribution 89 37343 5/27/1997 P /100ml Per 100 milliliters MICRO MICROBIOLOGICAL COLI_AP ABSENCE / PRESENCE E. COLI
P Coliform Presence Distribution 89 37343 5/27/1997 P /100ml Per 100 milliliters MICRO MICROBIOLOGICAL COLI_AP ABSENCE / PRESENCE TOTAL COLIFORM
MCL2 Secondary MCL 8 89 35076 9/30/1998 0.067 mg/L Milligrams per Liter IOC INORGANIC CONTAMINANTS IOC COMPLETE INORGANIC ANALYSIS MANGANESE
MCL2 Secondary MCL 3 10G123 89 39292 8/3/1999 0.068 mg/L Milligrams per Liter IOC INORGANIC CONTAMINANTS IOC COMPLETE INORGANIC ANALYSIS MANGANESE
MCL2 Secondary MCL 5 10G092 89 39293 8/3/1999 0.061 mg/L Milligrams per Liter IOC INORGANIC CONTAMINANTS IOC COMPLETE INORGANIC ANALYSIS MANGANESE
MCL2 Secondary MCL 8 89 39295 8/3/1999 0.076 mg/L Milligrams per Liter IOC INORGANIC CONTAMINANTS IOC COMPLETE INORGANIC ANALYSIS MANGANESE
MCL2 Secondary MCL 3 10G123 89 53627 1/30/2002 0.067 mg/L Milligrams per Liter IOC INORGANIC CONTAMINANTS IOC COMPLETE INORGANIC ANALYSIS MANGANESE
MCL2 Secondary MCL 8 89 53630 1/30/2002 0.062 mg/L Milligrams per Liter IOC INORGANIC CONTAMINANTS IOC COMPLETE INORGANIC ANALYSIS MANGANESE
P Coliform Presence Distribution 89 72390 8/12/2002 P /100ml Per 100 milliliters MICRO MICROBIOLOGICAL COLI_AP ABSENCE / PRESENCE TOTAL COLIFORM
P Coliform Presence Distribution 89 74409 9/3/2002 P /100ml Per 100 milliliters MICRO MICROBIOLOGICAL COLI_AP ABSENCE / PRESENCE TOTAL COLIFORM
MCL2 Secondary MCL Distribution 89 59684 1/3/2003 1.23 mg/L Milligrams per Liter IOC INORGANIC CONTAMINANTS IOC COMPLETE INORGANIC ANALYSIS IRON
P Coliform Presence Distribution 89 31750 6/21/2004 P /100ml Per 100 milliliters MICRO MICROBIOLOGICAL COLI_AP ABSENCE / PRESENCE TOTAL COLIFORM
MCL1 Primary MCL 6 89 70979 8/20/2004 135 ug/L Micrograms per Liter DBP DISINFECTION BY PRODUCTS THM TOTAL TRIHALOMETHANE TOTAL TRIHALOMETHANE
P Coliform Presence Distribution 89 86297 9/6/2011 P /100ml Per 100 milliliters MICRO MICROBIOLOGICAL COLI_AP ABSENCE / PRESENCE TOTAL COLIFORM
P Coliform Presence Distribution 89 28034 10/5/2015 P /100ml Per 100 milliliters MICRO MICROBIOLOGICAL COLI_AP ABSENCE / PRESENCE TOTAL COLIFORM
P Coliform Presence Distribution 89 47973 6/27/2016 P /100ml Per 100 milliliters MICRO MICROBIOLOGICAL COLI_AP ABSENCE / PRESENCE TOTAL COLIFORM
P Coliform Presence Distribution 89 50742 8/1/2016 P /100ml Per 100 milliliters MICRO MICROBIOLOGICAL COLI_AP ABSENCE / PRESENCE TOTAL COLIFORM
P Coliform Presence Distribution 89 1201 7/2/2018 P /100ml Per 100 milliliters MICRO MICROBIOLOGICAL COLI_AP ABSENCE / PRESENCE TOTAL COLIFORM
P Coliform Presence Distribution 89 28307 5/28/2019 P /100ml Per 100 milliliters MICRO MICROBIOLOGICAL COLI_AP ABSENCE / PRESENCE TOTAL COLIFORM
MCL2 Secondary MCL 5 10G092 89 7921 7/25/2019 0.075 mg/L Milligrams per Liter IOC INORGANIC CONTAMINANTS IOC_SHORT INORGANIC SHORT FORM MANGANESE
MCL2 Secondary MCL 3 10G123 89 8132 7/31/2019 0.08 mg/L Milligrams per Liter IOC INORGANIC CONTAMINANTS IOC_SHORT INORGANIC SHORT FORM MANGANESE
MCL2 Secondary MCL 8 89 8133 7/31/2019 0.08 mg/L Milligrams per Liter IOC INORGANIC CONTAMINANTS IOC_SHORT INORGANIC SHORT FORM MANGANESE



 

 

 

APPENDIX E 
SPILL PREVENTION AND CLEANUP PLAN 



SPILL PREVENTION AND RESPONSE PLAN 
Business 
Name:  Phone:  

Address:  E-mail:  
City/State/Zip:  Date:  

 

SPILL PLANNING AND PREVENTION 
Take inventory of chemicals and liquids onsite using the Hazardous Material Inventory 
(Attachment A) – Identify locations and quantities on site plan. 
Collect spill clean-up materials for kits, including personal protection equipment (PPE), 
neutralizing absorbent materials, absorbent pads, hazardous waste containers, booms, and 
catch basin mat covers – Identify locations of spill kits on site plan. 
Designate and train spill clean-up coordinator. 
Train staff annually on spill plan and how to use spill clean-up kits. Document trainings in the 
Employee Training Log (Attachment B). 

Facility activities with potential to create spills: 
Fueling and fuel transfer 
Outside drum and/or container storage 
Vehicle, equipment, and building washing 
Loading/unloading of products 
Landscape construction/maintenance 
Customer and employee vehicles 
Other: 
 
 
 
 
 
 

Facility equipment/structures with potential to create spills: 
Oil/water separator(s) 
Underground Storage Tank(s) and associated piping and fill sumps 
Fuel dispensers and sumps 
Car wash water treatment system 
Other: 
 
 
 
 
 
 

Inspection, maintenance, and repair of materials, equipment, and structures: 
Conduct monthly inspections of stored hazardous materials, equipment, and structures with 
potential to cause pollution if spilled/leaked or potential to be impacted by a spill/leak, using 
the Monthly Inspection and Maintenance Log (Attachment C). Conduct maintenance, 
repairs, and replacements based on results of inspections. 



 

IN CASE OF SPILL, CONTACT THE FOLLOWING: 
Business owner/Site 
Manager 

Name: Phone: 

On site clean-up 
coordinator 

Name: Phone: 

Third Party Spill Clean-up contractor (1): 

Third Party Spill Clean-up contractor (2): 

REQUIRED to call if a spill is too large to 
contain or reaches a storm or sewer facility: 

IF IMMEDIATE SAFETY THREAT CALL 911 
WA Department of Ecology: (306) 407-6300 

 

SPILL RESPONSE PROCEDURES 

Take no action that would put yourself or anyone else in danger 
If spill is related to transfer of fuel during bulk delivery, transport 

driver is responsible for directing spill response 
Spill kits are located beneath fueling canopies and near the car 

wash 
 

INCIDENTAL SPILL CLEAN-UP PROCEDURES 
A spill is defined as “incidental” when it can be contained with materials and 

personnel on hand and has little/no risk of reaching a storm/sewer facility.   
☐  Evaluate situation, including safety issues: Notify owner, clean-up coordinator, other 

necessary people. 
☐  Put on PPE. 
☐  If spill is active, stop spill source 
☐  Shut off any ignition sources 
☐  If necessary, close stormwater shutoff valve upstream of treatment equipment 
☐  Protect drain(s) by installing drain covers and placing protective socks/booms. 

☐  Clean up the spill with appropriate materials (mats, pads, absorbent clay, etc.) located in 
spill kit. Follow instructions in spill kit, contact clean-up coordinator with questions.   

☐  Properly dispose of impacted materials and other wastes. 

☐  Restock the spill kit with all required materials. Document the spill with the spill 
coordinator. 

☐  Complete the Spill Log provided in Attachment D 
 



NON-INCIDENTAL SPILL CLEAN-UP PROCEDURES 
A spill is defined as “non-incidental” when it cannot be readily contained with materials and 
personnel on hand, may reach (or has reached) a storm/sewer facility, has other potential to 

migrate offsite, or otherwise poses hazard to environment or individuals in the vicinity.   
☐  Evaluate situation, including safety issues: Notify owner, spill coordinator, other necessary 

people.   
☐  If necessary, evacuate public to safe zone. 
☐  Put on PPE. 
☐  Stop active spill source as possible. 
☐  Shut off ignition sources as possible. 
☐  Close stormwater shutoff valve upstream of treatment equipment 
☐  Protect drain(s) by installing drain covers and placing protective socks/booms. 
☐  Contact third-party spill cleanup contractor listed in Spill Prevention Plan 
☐  Stand by to assist with spill assessment, cleanup, notification, and reporting 
☐  Complete the Spill Log provided in Attachment D 

 



Hazardous Material Inventory
ARCO ampm Fueling Station

Puyallup, Washington

Hazardous Substance Storage Container Type Volume/Quantity Location

Premium gasolines, Diesel Double walled split fiberglass UST 22,000 gallons

Unleaded gasoline Double walled fiberglass UST 25,000 gallons
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Employee Training Log
ARCO ampm Fueling Station

Puyallup, Washington

Employee's Printed Name Employee's Signature Date Completed
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Monthly Inspection and Maintenance Log
ARCO ampm Fueling Station

Puyallup, Washington

Date:  ____________________

Inspector:  ______________________________________________

Maintenance/Repair Actions

Hazardous Material Storage

Are all hazardous materials properly stored with 
secured lids and labels? If not, secure lids and 
label containers as needed.

Is there evidence of leaks/spills in the vicinity of 
stored hazardous substances? If yes, clean up 
leaks/spills as needed.

Leak Detection and Monitoring Systems

Are alarms activated on the leak detection and 
monitoring systems? If yes, identify and address 
leaks as needed.

Equipment/Structure Performance (a)  

Oil/Water Separator(s)

Underground Storage Tank(s) and associated   
piping and fill sumps

Fuel dispensers and sumps

Leak detection and monitoring systems

Car wash water treatment system

Catch basins

Floor drains

NOTE:
(a). Note whether each listed equipment/structure is properly functioning. If no, identify and address maintenance/repairs as needed.

Inspection Observations (yes/no)
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Spill Log
ARCO ampm Fueling Station

Puyallup, Washington

Date/Time 
of Spill

Location of Spill/
Media Impacted Spill Source Substance Spilled Spill Volume/

Quantity Containment and Clean-up Actions
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