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Dear Garrett: 

As requested, PanGEO, Inc. completed a geotechnical engineering study to assist you and your 
project team with the design and construction of the proposed development in Fircrest, 
Washington.  PanGEO previously prepared a draft geotechnical report dated July 19, 2022. The 
following report is consistent with our draft report, but includes additional recommendations that 
have been provided to the project team since the draft report was issued. 

In summary, the site is underlain by as much as about 35 feet of undocumented fill soil over dense 
to very dense native silty sand with gravel (glacial till). The fill soils are generally loose, and will 
not provide adequate support for the proposed structures. In our opinion, where more than about 
five feet of loose fill is present, such as within the eastern half of the site, a feasible foundation 
system consists of supporting the structures on a shallow foundation bearing on ground improved 
with aggregate piers. Along the west side of the site, where the fill is generally less than five feet 
thick, we anticipate that the building footings could be deepened to reach the native soils, or the 
unsuitable fill soils can be over-excavated and replaced with lean-mix concrete or structural fill. 
Ground improvement may also be used below the buildings along the west side of the site to reduce 
earthwork quantities associated with over-excavation and backfill. 
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The re-use of on-site fill soils may be possible below proposed landscaping or pavement areas 
during periods of dry weather, but will be difficult or impossible to re-use during periods of wet 
weather. The on-site soils may be amended with cement to allow their re-use during wet times of 
the year. 

We appreciate the opportunity to work with you on this project. Please do not hesitate to contact 
us with any questions. 

Sincerely, 
 
 
 
 
Jon C. Rehkopf, P.E.    
Principal Geotechnical Engineer 
(JRehkopf@pangeoinc.com) 
  
Encl.:  Geotechnical Engineering Report 

mailto:JRehkopf@pangeoinc.com
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1.0 INTRODUCTION 

This report presents the results of our geotechnical engineering study that was undertaken 
to support the design and construction of the proposed Prose Fircrest development along 
Mildred Street West in Fircrest, Washington. Our study was performed in general 
accordance with our mutually agreed scope of work as outlined in our consulting agreement 
for the project dated November 19, 2021. 

Our service scope included reviewing readily available geologic data at the project site 
which included the results of two previous geotechnical studies that were conducted for the 
project site, conducting a site reconnaissance, and conducting engineering analyses to 
develop the geotechnical recommendations outlined in this report. PanGEO will finalize 
this report once we receive comments from the project team, and the design concept has 
been finalized. 

2.0 SITE AND PROJECT DESCRIPTION 

The subject site consists of a generally square-shaped parcel located at 2119 Mildred Street 
West, in Fircrest, Washington, as depicted in Figure 1. The site has an area of about 9½ 
acres, and is currently developed with a one-story structure in the northwest portion of the 
site. The remainder of the site is undeveloped, but has received a significant amount of 
undocumented fill soils.  

The western approximately two-thirds of the site is generally flat, with an elevation around 
335 feet to 340 feet (NGVD 1929) with a gentle slope down to the east, while the remainder 
of the site slopes steeper down to the east to the eastern property line which has an elevation 
of about 315 feet (NGVD 1929).  

An aerial photo of the project site depicting site features is shown in the attached Figure 2, 
Site and Existing Exploration Plan. Plates 1 and 2 on the following page depict current site 
conditions. 
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Plate 1. Looking northeast from Mildred Street West at the existing structure located along the west side of 
the subject property. 
 

 
Plate 2. Looking north along eastern portion of site, from near the center of site. Note the sloping 
topography down to the east. 
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The current development plan consists of the construction of four primary structures that 
will be surrounded with open spaces and at-grade surface parking lots and drive lanes. 
The western two structures (Buildings A and B) will consist of five levels of timber-frame 
construction, and will be located along Mildred Street West. Buildings A and B will be 
at-grade structures without basements. We understand that the finished floor elevation of 
Building A will be around elevation 341.75 feet, and the finished floor elevation for 
Building B will be around elevation 340.25 feet.  

The two eastern structures, designated Building C and D, will contain underground 
parking in a daylight basement along the east side of the structure. We understand 
Buildings C and D will contain four above-grade levels, with one concrete deck and timber 
framing above. Buildings C and D will have a basement finished floor elevation of about 
325 feet.    

A large stormwater detention vault that will service the majority of the site will be located 
below the basement floor of Building C, and will have a bottom elevation around 303 feet.   

A site retaining wall up to about 12-feet tall will be needed along the eastern property line 
to allow for the change in grade between the proposed eastern parking lot and the existing 
ground surface along the eastern property line. 

The currently proposed site plan is shown on the following page depicting the proposed 
buildings and site features. 
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Plate 3. Proposed site plan modified from Sheet C7.0 prepared by DCG, 12/12/2022. (North is to the top 
of the plan) 

 

3.0 SUBSURFACE EXPLORATIONS 

In preparing this report we reviewed two previously completed geotechnical studies 
performed at the site. The previous studies included drilling over sixty test borings at the 
site. The existing geotechnical information reviewed included the following: 

• Final geotechnical report prepared by Kleinfelder (2005) for the subject site that 
included 56 test borings spaced relatively equally across the site. The report also 
included laboratory tests of representative soil samples; and 
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• Preliminary geotechnical report prepared by Terracon (2008) for the subject site 
that included 9 test borings generally located in the northern half of the subject site.  

The approximate locations of the previous explorations are presented in Figures 2 and 3 of 
this report, and the summary logs are included in Appendix A and B.  

Laboratory Testing - The results of previous laboratory tests can be found in Appendix A. 

4.0 SUBSURFACE CONDITIONS 

4.1 GEOLOGY 

Based on a review of the geologic map of the project area (Schuster et. al. 2015), the site 
is underlain by deposits of the Vashon Stade of the Fraser Glaciation including recessional 
outwash soils (map unit Qgo). Recessional outwash is described as silt, clay, sand and 
gravel deposited by glacial meltwater, variable sorted, loose to compact, massive to well 
stratified, with horizontal to steeply dipping beds. Vashon glacial till (map unit Qgt) is also 
mapped in close proximity to the north, west and south side of the project site. Vashon 
glacial till typically consists of an over-consolidated heterogeneous mixture of sand, silt 
and gravel deposited directly below the glacial ice sheet during the Vashon Stade of the 
Fraser Glaciation. Glacial till typically exhibits low compressibility and high strength 
characteristics. 

4.2 SOIL 

Based on the results of previous explorations at the site, the site soils consist of a thin to 
thick layer of generally loose undocumented fill over dense glacial till. The subsurface 
conditions encountered in the explorations differed slightly from the mapped geology in 
that glacial till was not mapped directly on the subject property.  

The site subsurface conditions are summarized below, and logs of the subsurface 
explorations at the site are included in Appendix A and B.  In addition, the attached Figure 
3 shows the anticipated elevation of the native glacial till soils across the site, and Figures 
4 and 5 include subsurface profiles across the site depicting the anticipated depth of the fill 
soils and elevation of the native glacial till. 
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Unit 1: Undocumented Fill – The site is underlain by undocumented fill soils that 
range in thickness from only about 2 to 5 feet thick along the western side of the site, 
to up to about 35 feet deep within the eastern portion of the site. Based on our review 
of the test borings logs, the fill material consists of a mixture of silty sand, sandy silt 
and silt with various amounts of gravel and debris such as concrete fragments, bricks, 
wood, organics, and other deleterious materials. The density of the fill is generally very 
loose to medium dense.   

Unit 2: Glacial Till – Underlying the fill soil is a dense to very dense silty sand with 
varying amounts of gravel that was interpreted to be glacial till. The very dense glacial 
till was encountered to the termination depth of the test borings.  Cobbles and boulders 
are common in glacial till deposits, as are pockets of clean sand and gravel.  

4.3 GROUNDWATER 

Significant groundwater was not encountered in the previous test borings. Occasionally 
perched groundwater was noted in the fill soils, on-top of the dense glacial till soils, or 
within sandy or gravely zones of the native glacial till.  It should be noted that groundwater 
depths are likely to vary depending on seasonal precipitation, local subsurface conditions, 
and other factors.  Groundwater levels and seepage rates are normally highest during the 
winter and early spring.  

5.0 SEISMIC CONSIDERATIONS 

5.1 SEISMIC DESIGN PARAMETERS 

The seismic design of the building will be accomplished in accordance with the 2018 
International Building Code (IBC).  Based on the results of the previous subsurface 
explorations, as well as our understanding of the geology of the area, we anticipate that a 
Site Class C would be appropriate for Buildings A and B located on the west side of the 
subject site.  Due to the thick fill soils on the eastern portion of the site, we recommend a 
Site Class D (stiff soil) would be appropriate for Buildings C and D. 
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5.2 SOIL LIQUEFACTION POTENTIAL 

Liquefaction occurs when saturated sands are subjected to cyclic loading, which causes the 
pore water pressure to increase in the soils thereby reducing the inter-granular stresses.  As 
the inter-granular stresses are reduced, the shearing resistance between soil particles 
decreases.  If pore pressures develop to the point where the effective stresses acting 
between the grains become zero, the soil particles will be in suspension and behave like a 
viscous fluid.  Typically loose, saturated, granular soils such as sand and silt, that have a 
low enough permeability to prevent drainage during cyclic loading, have the greatest 
potential for liquefaction, while more dense soil deposits with higher silt or clay contents 
have a lesser potential.  Soil liquefaction may cause the temporary loss/reduction of 
foundation capacity and settlement. 

Due to the dense to very dense soils underlying the site, and the lack of groundwater at 
shallow depths, in our opinion the risk of soil liquefaction is low, and special design 
considerations for soil liquefaction are not required for the proposed project 

6.0 GEOTECHNICAL RECOMMENDATIONS 

6.1 BUILDINGS A & B 

We understand the proposed first floors for buildings A and B will be near existing grade. 
Based on the results of the test borings at the site and our understanding of the current 
building layout, we anticipate that dense native soils will be present at or within about 2 to 
5 feet of existing grade over the majority of the building footprint, but could be as deep as 
8 to 10 feet in some areas. Figure 3 depicts the anticipated elevation of the glacial till 
bearing soils at the site. If the glacial till is not present at the design footing subgrade 
elevation, the footings can either be deepened to bear on the dense native soils, or the 
undocumented fill can be over-excavated and replaced with lean-mix concrete or properly 
compacted structural fill. The over-excavation would need to only occur below the 
footings, and the lean-mix backfill would need to extend about 6-inches wider than the 
proposed footings. Alternatively, ground improvement can be used, such as rammed 
aggregate piers, as described below for Buildings C and D. 
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6.1.1 Allowable Bearing Pressure 

We recommend that the footings bearing on native, undisturbed dense to very dense glacial 
till be designed for a maximum allowable bearing pressure of 6,000 psf. If footings are 
supported on structural fill placed over dense, undisturbed glacial till, the structural fill 
should consist of lean-mix concrete (minimum 1½ sack mix). If compacted granular 
structural fill is placed below the footings, a reduced allowable bearing pressure of 4,000 
psf should be used for design. The granular structural fill should extend wider than the 
footings by a horizontal distance equal to half of the over-excavation depth. For allowable 
stress design, the recommended allowable bearing pressure may be increased by 1/3 for 
transient conditions such as wind and seismic loadings. 

If some or all of the building footings or mat slab will bear on ground improved with 
rammed aggregate piers, the bearing pressure will be determined by the ground 
improvement designer, as described below for Buildings C & D. 

All footings should have a minimum width of 24 inches. Exterior foundation elements 
should be placed at a minimum depth of 18 inches below final exterior grade. Interior 
spread foundations should be placed at a minimum depth of 12 inches below the top of 
slab.  

6.1.2 Foundation Performance 

Total and differential settlements are anticipated to be within tolerable limits for footings 
designed and constructed as discussed above. Footing settlement under static loading 
conditions is estimated to be less than approximately 1 inch, and differential settlement 
between adjacent columns should be less than about ½ inch. Most settlement will occur 
during construction as loads are applied. 

6.1.3 Lateral Resistance 

Lateral forces from wind or seismic loading may be resisted by the combination of passive 
earth pressures acting against the embedded portions of the foundations and by friction 
acting on the base of the foundations. Passive resistance values may be determined using 
an equivalent fluid weight of 300 pounds per cubic foot (pcf). This value includes a factor 
of safety of at least 1.5 assuming that properly compacted structural fill will be placed 
adjacent to the sides of the footings. A coefficient of friction of 0.35 may be used to 
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determine the frictional resistance at the base of the footings. This coefficient includes a 
factor of safety of approximately 1.5. 

6.1.4 Footing Construction Considerations 

All footing subgrades should be carefully prepared. Any loose soil should be removed from 
the footing excavations or re-compacted. Footing subgrades should be observed by 
PanGEO to confirm that the exposed footing subgrade is consistent with the expected 
conditions and adequate to support the design bearing pressure.  

6.1.5 Subgrade Protection 

The contractor should be aware that the site soils are highly sensitive to moisture, and will 
become disturbed and soft when exposed to inclement weather conditions. As a result, 
depending on the groundwater and weather conditions at the time of footing construction, 
and the actual soil conditions encountered, it may be necessary to place 2 to 4 inches of 
clean crushed rock or lean-mix concrete (1½ sack) on the exposed footing subgrade to 
protect it against moisture and disturbance.  

If groundwater seepage is encountered, the contractor should be prepared to dewater the 
footing excavations using sumps and pumps to allow for proper subgrade preparation.  In 
addition, the contractor should consider proper sequencing of earthwork activities during 
wet weather to minimize moisture exposure of footing and floor subgrade soils. 

6.1.6 Slab On Grade 

Conventional slab on grade construction may be used for the floor slabs. Due to the 
potential for up to 4 or 5 feet of loose undocumented fill below the floor slab, to increase 
the performance of the floor slab, and reduce the potential for cracking, we recommend 
that a minimum of 2 feet of undocumented fill be removed and replaced with properly 
compacted structural fill. Prior to re-compaction, any existing loose soil in the over-
excavation should be compacted to a firm and unyielding condition. Based on the subgrade 
preparation recommended above, the floor slab design may be accomplished using a 
modulus of subgrade reaction of 150 pci.  

We recommend that the slab on grade be constructed on a minimum 4-inch thick capillary 
break placed on the undisturbed native soil or properly compacted structural fill over native 
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soil. The capillary break should have no more than 10 percent passing the No. 40 sieve and 
less than 2 percent by weight of the material passing the U.S. Standard No. 200 sieve. If 
portions of the basement floor will house any equipment or facilities that are sensitive to 
moisture, we recommend that a minimum 10-mil polyethylene vapor barrier be placed 
below the subject portions of the slab. 

6.2 BUILDINGS C & D 

We understand the proposed garage floors for buildings C and D will be around elevation 
325 feet, and the first floors of the buildings will be around elevation 336 and 337 feet. 
Based on the results of the test borings at the site, we anticipate that from about 15 to 25 
feet of undocumented fill will be present below the proposed structures. One exception is 
below the proposed detention vault under building C, which may likely reach bearing soils 
without the need for ground improvement.  Due to the loose and variable nature of the fill 
soils, the fill will not be suitable to support the proposed structures due to the potential for 
long-term settlement.  

In our opinion a feasible foundation support option from a geotechnical standpoint is to 
install aggregate piers to improve the bearing capacity of the existing fill soils, and to 
reduce the potential for settlement to a tolerable level. Conventual shallow foundations 
could then be constructed over the improved ground. 

Another option consisting of a deep foundation, such as augercast or driven piles, was 
considered; however, in our opinion piles would not be as cost-effective as ground 
improvement using aggregate piers. 

6.2.1 Ground Improvement with Aggregate Piers 

In our opinion, a feasible soil improvement technique consists of improving the loose to 
medium dense undocumented fill consisting of sand, silty sand and silt below the proposed 
structure with aggregate piers. Aggregate piers consist of compacting columns of well-
graded crushed rock to increase the bearing capacity of poor soils, and to reduce 
settlements.   

Because specialty contractors install aggregate piers using a proprietary system, the 
contractor determines the lengths and spacing of piers, the allowable soil bearing pressure 
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of the improved soil, improved soil characteristics and anticipated settlements. 
Specifically, the specialty contractor is responsible for the ground improvement design, 
and will provide design drawings and calculations stamped by a registered professional 
engineer.   

We anticipate that the aggregate piers would need to extend through the undocumented fill 
to reach the undisturbed native soils approximately 15 to 25 feet below the proposed 
structures. The actual depth of ground improvements should be determined by the design-
build contractor to meet the project specifications.  

6.2.2 Shallow Foundation 

In our opinion it would be feasible to support the new structure on conventional spread and 
strip footings bearing on closely spaced ground improvement elements or on a mat slab. 
We anticipate that the ground improvement can be designed to provide an allowable 
bearing capacity in the range of 4 to 6 ksf, depending on the spacing of aggregate piers.  A 
discussion with the design-build contractor is recommended before selecting the allowable 
bearing pressure to size the footings or design the mat slab.  

6.2.3 Lateral Resistance 

Lateral forces from wind or seismic loading may be resisted by a combination of passive 
earth pressures acting against the embedded portions of the foundation, and by friction 
acting on the base of the foundation.  Passive resistance values may be determined using 
an equivalent fluid weight of 300 pounds per cubic foot (pcf).  This value includes a factor 
of safety of at least 1.5 assuming that properly compacted structural fill will be placed 
adjacent to the sides of the foundation, and level ground surface adjacent to the footings.   

A friction coefficient of 0.4 may be used to determine the frictional resistance at the base 
of the foundation on improved ground.  This coefficient includes a factor of safety of 
approximate 1.5.  

6.2.4 Slab on Grade 

The thick layer of loose undocumented fill below the basement floor slabs has the potential 
to settle and cause cracking of the floors. As such, to increase the performance of the floor 
slabs and reduce the potential for settlement, we recommend that ground improvement 
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elements be installed below the floor slab to provide adequate support for the slab on grade. 
Ground improvement elements to support a floor slab are typically much more widely 
spaced than ground improvement elements below footings. 

We recommend that the slab on grade be constructed on a minimum 4-inch thick capillary 
break placed on the undisturbed native soil or properly compacted structural fill over native 
soil. The capillary break should have no more than 10 percent passing the No. 40 sieve and 
less than 2 percent by weight of the material passing the U.S. Standard No. 200 sieve. If 
portions of the basement floor will house any equipment or facilities that are sensitive to 
moisture, we recommend that a minimum 10-mil polyethylene vapor barrier be placed 
below the subject portions of the slab. 

6.3 BASEMENT WALLS 

Presented below are our geotechnical recommendations for the design and construction of 
the proposed basement walls. 

6.3.1 Lateral Earth Pressures  

The basement walls braced against rotation may be designed for an earth pressure based 
upon an equivalent fluid weight of 50 pcf (at-rest condition). For the seismic condition, we 
recommend including an incremental uniform lateral earth pressure of 10H psf (where H 
is the height of the below grade portion of the wall) as an ultimate seismic load. The 
recommended lateral pressures assume that the backfill behind the wall consists of a free 
draining and properly compacted fill with adequate drainage provisions to prevent the 
development of hydrostatic pressure. 

Buried Structures (Elevator Pits, Detention Vaults, etc.) - There is potential for 
groundwater to accumulate next to buried structures such as elevator pits and detention 
vaults. If it is not feasible to incorporate footing drains for elevator pits, detention vaults, 
etc., we recommend that an equivalent fluid weight of 90 pcf be applied for wall design. 
The recommended 90 pcf includes both the soil pressure and the effects of hydrostatic 
pressure. Buoyancy force should also be considered in the design of these structures where 
drainage provisions are not present. 
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6.3.2 Wall Surcharge 

The basement walls should be designed to accommodate traffic surcharge pressures if the 
traffic load is located within the height dimension of the wall. As minimum, the traffic 
surcharge should be considered to be a 75 psf uniform horizontal pressure for roadway 
traffic, and 25 psf if the traffic is limited to lightweight passenger vehicles. Similarly, 
surcharge loads from construction equipment or soil/material stockpiles should be 
considered in the basement wall design. 

6.3.3 Lateral Resistance 

Please see Sections 6.1.3 and 6.2.3 above for a discussion of lateral resistance. 

6.3.4 Wall Drainage/Damp Proofing 

We recommend that provisions for permanent control of subsurface water be incorporated 
into the design and construction of the basement walls. Prefabricated drainage mats, such 
as Mirafi 6000 or equivalent, may be installed behind the basement walls. For backfilled 
walls, a footing drain consisting of a 4-inch diameter perforated PVC pipe embedded in at 
least 12 inches of washed gravel wrapped with a geotextile fabric should be placed at the 
base of the wall footings.   

Waterproofing considerations are beyond our scope of work. We recommend that a 
building envelope specialist be consulted to determine appropriate damp-proofing or 
water-proofing measures.  

6.3.5 Wall Backfill 

Where wall backfill will be needed, free draining granular soils such as Gravel Borrow 
(Section 9-03.14(1) WSDOT) are recommended. We do not recommend using the onsite 
soils for wall backfill due to its relatively high fines content.  

Wall backfill should be moisture conditioned to near its optimum moisture content, placed 
in loose, horizontal lifts less than 8 to 12 inches in thickness, and systematically compacted 
to a dense and relatively unyielding condition.  If density tests will be performed, the test 
results should indicate at least 95 percent of the maximum dry density, as determined using 
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test method ASTM D 1557. Within 5 feet of the wall, the backfill should be compacted to 
at least 90 percent of the maximum dry density.  

6.4 SUBSURFACE DRAINAGE PROVISIONS 

Footing drains should be installed around the perimeter of the buildings, at or just below 
the invert of the foundation. The footing drains should consist of a 4-inch diameter 
perforated drainpipe placed behind and at the base of the footings, embedded in 12 to 18 
inches of clean crushed rock or pea gravel wrapped with a layer of filter fabric. 

Under no circumstances should roof downspout drain lines be connected to the footing 
drain systems. Roof downspouts must be separately tightlined to appropriate discharge 
locations. Cleanouts should be installed at strategic locations to allow for periodic 
maintenance of the footing drain and downspout tightline systems. 

6.5 PERMANENT DRAINAGE & INFILTRATION CONSIDERATIONS 

Permanent control of surface water and roof runoff should be incorporated in the final 
grading design. In addition to these sources, irrigation and rain water infiltrating into 
landscaped and planter areas adjacent to paved areas or building foundations should also 
be controlled. All collected runoff should be directed into conduits that carry the water 
away from the pavement or structure and into storm drain systems or other appropriate 
outlets. Adequate surface gradients should be incorporated into the grading design such 
that surface runoff is directed away from structures. 

Based on the presence of undocumented fill over dense to very dense glacial till, in our 
opinion infiltration is not feasible for the project.  

6.6 PAVEMENT DESIGN & CONSIDERATIONS 

We understand that asphalt paved parking lots and drive lanes will be constructed around 
the proposed buildings.  Assuming the pavement will generally be used by light passenger 
cars and trucks, as a minimum, we recommend that the pavement section consist of 3-
inches HMA, overlying a 6-inch thick layer of crushed surfacing base course (CSBC), 
overlying properly compacted structural fill. For pavement areas that will receive regular 
loading of heavy trucks, including delivery trucks or garbage trucks, we recommend a 
heavier pavement section consisting of a minimum of 4 inches of HMA over 6-inches of 
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CSBC.  As a pavement alternative, the layer of crushed rock maybe substituted for a 
minimum 12-inch thick layer of cement treated base, as described in the Section 6.6.2 
below. If ATB (Asphalt Treated Base) is to be used as a temporary pavement during 
construction, and then incorporated into the final pavement design, the bottom one inch of 
HMA may be replaced with 2 inches of ATB. Alternatively, half of the HMA pavement 
section could be placed early in the project for construction access. Prior to final paving, 
any areas of pavement that have become destressed from construction traffic will need to 
be locally repaired. 

It should be noted that actual pavement performance will depend on a number of factors, 
including the actual traffic loading conditions. The recommended pavement section will 
need to be revised if the traffic level will be more or less than our assumed value. 

6.6.1 Pavement Subgrade Preparation 

Following the stripping operation and excavations necessary to achieve construction 
subgrade elevations, the ground surface where structural fill, or pavements are to be placed 
should be observed by PanGEO. Proof-rolling should be performed to identify soft or 
unstable areas. Proof-rolling should be performed using a full loaded, tandem-axle dump 
truck with a minimum gross weight of 20 tons. Other equipment can be used, provided the 
subgrade loading is equivalent. The dump truck should make several overlapping passes in 
perpendicular directions over a given area. Soft or yielding areas identified during proof-
rolling should be moisture conditioned as needed and re-compacted in place.  

If soft areas are still yielding after re-compaction, they should be over-excavated and 
replaced with structural fill to a depth that will provide a stable pavement base. The optional 
use of a geotextile subgrade stabilization fabric, such as Mirafi 600X, or an equivalent 
product placed directly on the over-excavated surface may help to bridge excessively 
unstable areas. Over-excavated areas should be and backfilled with 1¼-inch Crushed 
Surfacing Base Course, or WSDOT gravel borrow to the requirements of structural fill. 
The subgrade preparation should be observed by PanGEO to verify the adequacy of the 
prepared subgrade. 

Both the structural fill and crushed rock base should be compacted to a minimum of 95% 
of the materials maximum dry density (Modified Proctor ASTM D-1557). Any soft or 
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loose areas of subgrade soils should be re-compacted or over-excavated prior to structural 
fill placement. 

6.6.2 Cement Treated Base  

Cement Treated Base (CTB) is a mixture of aggregate material and/or soils combined with 
a pre-determined amount of cement and water, which hardens after placement and 
compaction. After sufficient hardening, a tack coat and HMA wearing course is placed 
over the CTB to complete the pavement structure. For this project, the existing fill soils 
should be suitable for cement treatment. The existing soils will be mixed with a pre-
determined quantity of cement and water and then compacted. Conventional rollers are 
used to compact the CTB mixture immediately after the mixing is completed. CTB can be 
an economical option as it eliminates the need to import base course and can reduce or 
eliminate the need to export the on-site soils. 

If CTB is used for the pavement section, we recommend at least 3 inches of HMA over 12 
inches of CTB. We recommend 5% cement by weight be mixed with the fill soil. Assuming 
a fill soil unit weight of about 125 pcf, a minimum of 6¼ pounds of Type 1 Portland cement 
should be added to the soil mixture per square foot of 12-inch thick CTB layer. Type 3 
cement is also acceptable, however, because Type 3 cement hydrates faster, we suggest 
Type 1 cement be used so more time is available to properly compact the CTB. We 
typically do not recommend a layer of crushed rock between the HMA and CTB due to the 
potential risk of water becoming trapped in the gravel layer.  

In our opinion it would be acceptable to reuse the existing asphalt at the site in the cement 
treated soils. If the asphalt pavement is pulverized for re-use in the CTB construction, we 
recommend that at least 95% passes a 2-inch sieve, and at least 55% passes a No. 4 sieve. 
No more than 50% of the final mixed materials should contain more than 50% of the 
existing bituminous materials. We also recommend that the final mixed materials be 
moisture conditioned to within 3% of its optimum moisture content (i.e. optimum moisture 
content before addition of cement) and be compacted to at least 95% of its maximum 
density as determined using ASTM D1557 (Modified Proctor). 

In our opinion cement treatment would also be suitable below the footprints of building C 
& D to not only provide a stable working surface for the ground improvement contractor, 
but also to provide a firm subgrade to support the building floor slab. 
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6.7 SITE RETAINING WALLS 

We understand that an approximately 12-foot-tall site retaining wall will be located along 
the eastern property line of the site, with return walls along the eastern portion of the north 
and south property lines. Many different wall types are feasible at this location, including 
MSE (Mechanically Stabilized Walls), gravity walls, cast-in-place concrete walls, or 
soldier pile walls.  We understand that the currently proposed wall type will be an MSE 
wall over the majority of the wall alignment, with the exception of a concrete cast-in-place 
wall that will be utilized at the center of the east wall to allow for stairway construction.  
MSE walls can have a variety of facing elements such as precast-concrete blocks or panels, 
geotextile wrapped faces, or wire mesh. We understand that the proposed wall will have a 
modular block wall facing. We offer the following recommendations for MSE walls along 
the east property line of the site. 

6.7.1 Ground Improvement 

Based on the results of the existing test borings along the east property line, up to about 10 
feet of loose undocumented fill is present below the proposed base of wall elevation.  As 
such, we recommend that ground improvement elements, such as rammed aggregate piers, 
be installed below the proposed wall alignment.  The ground improvement should be 
installed below the MSE wall facing and the reinforced backfill zone to provide adequate 
bearing capacity of the foundation soils, and to reduce wall settlement. We anticipated 
about three rows of aggregate piers may be needed below the wall. The length of the ground 
improvement elements should be quite short, on the order of 10 feet below the bottom of 
the wall. 

The spacing and size of the ground improvement elements will depend on the wall design 
and required bearing capacity. We recommend that the ground improvement design 
provide a minimum allowable bearing capacity of 2,500 psf, unless the wall designer 
requires a higher bearing capacity, and we recommend that the ground improvement be 
designed for a total wall settlement of 1 inch or less, unless more settlement is acceptable 
to the owner. The ground improvement below the wall will also improve the global stability 
of the wall. 
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6.7.2 MSE Wall Design Recommendations 

An MSE wall or SEW (Structural Earth Wall) consists of placing a reinforcing mesh onto 
lifts of compacted structural fill to create a reinforced earth mass that functions as the 
retaining structure.  The face of the reinforced fill can receive a variety of treatments 
depending on cost and aesthetics.  We understand that modular blocks, such as those 
manufactured by Keystone, will be utilized for this project.  

We recommend the following soil parameters presented in Table 1 below be utilized for 
the MSE wall design: 

Table 1 
Design Parameters for Mechanically Stabilized Earth (MSE) Walls 

Soil Properties 
Reinforced Wall 

Backfill1 Retained Soil 
Unit Weight (pcf) 130 125 

Friction Angle (deg) 36 32 
Cohesion (psf) 0 0 

                        Notes: 1 – Wall backfill should be Gravel Borrow (WSDOT, 2022). 
 

The following recommendations should be satisfied to provide external stability of the 
proposed MSE walls.  We recommend that MSE walls be constructed in accordance with 
Section 6-13 of the Standard Specifications (WSDOT, 2022), with the following 
information included in the project plans.  

1.  The wall may be constructed near vertical, without a specified batter. 

2.  The wall should be placed on a level foundation in the horizontal direction 
perpendicular to the wall face.  

3.  The reinforcing length should not be less than 70 percent of the wall height, with 
a minimum reinforcing length of 8 feet. The recommended minimum reinforcing 
length may need to be increased to maintain adequate external stability based on 
final design configurations.  Greater reinforcing lengths may be needed to provide 
adequate internal stability. 

4.  The minimum embedment of the walls should be 2 feet below adjacent finish 
grade, or 10% of the height of the wall, whichever is greater. 
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5.  The uppermost reinforcing layer should be placed no lower than 2 feet below the 
top of wall.  Welded wire faced systems should include a top mat at the top of the 
wall. 

6.  Special drainage elements, such heel drains should be considered based on the 
final design of the wall. 

6.7.3 MSE Walls Backfill 

The structural fill in the reinforced zone of the MSE wall should consist of imported 
granular structural fill such as WSDOT gravel borrow, or equivalent. Due to the high silt 
content of the on-site soils, the on-site soil should not be reused in the reinforcement zone. 

  7.0 CONSTRUCTION CONSIDERATIONS 

7.1 DEMOLITION,  SITE STRIPPING AND GRADING 

All footings and floor slabs of the existing buildings, as well as asphalt, building debris and 
concrete rubble should be removed from the site prior to the start of excavations or grading, 
unless the existing pavement will be grinded and re-used within cement treated soils. The 
existing subsurface explorations encountered scatted debris such as concrete and brick 
fragments within the undocumented fill, and such debris should be expected. Any debris 
uncovered in the on-site fill during grading should be separated and removed from the site.  

We anticipate that topsoil and organic rich soils extend about 8 below the ground surface 
in the currently vegetated areas of the site. The organic material should be removed prior 
to placing fill for parking areas, the building pad, or to raise site grades. The organic rich 
soil should not be re-used in structural areas such as below pavements, the building 
footprint, or other structural elements. The organic rich soils may be “wasted” in 
landscaping areas where fill is needed, and ground settlements are not a concern. 

7.2 TEMPORARY EXCAVATIONS 

In general, maximum temporary excavation depths are expected to be about 10 to 15 feet 
for the proposed basements and stormwater vault. Temporary excavations greater than 4 
feet deep should be properly sloped or shored.  All temporary excavations should be 
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performed in accordance with Part N of WAC (Washington Administrative Code) 296-
155. The contractor is responsible for maintaining safe excavation slopes and/or shoring.  
For planning purposes, the temporary excavations may be sloped to as steep as 1H:1V 
(Horizontal:Vertical). The temporary cut slopes should be re-evaluated by a representative 
of PanGEO during construction based on actual observed soil conditions.   

During periods of precipitation, the temporary cuts should be protected with plastic 
sheeting. If areas of seepage are encountered during construction, the slopes may need to 
be flattened. 

We recommend that heavy construction equipment, building materials and excavated soil 
should not be allowed within a distance equal to ½ the slope height from the top of any 
excavation, or 4-foot minimum. The setback distance of heavy point loads, such as crane 
or pump truck outriggers, should be evaluated on a case-by-case basis. 

7.3 SITE CONDITIONS AND CONSTRUCTION WORKING SURFACE 

The site soils are anticipated to be highly moisture sensitive due to their high silt content, 
and will become disturbed when wet. As such, we anticipate that the exposed soils at the 
site may need to be improved during wet weather to create a working surface for 
construction equipment. One option to improve the stability of the site is to install a thick 
working surface of quarry spalls over geotextile fabric. Another option is to treat the soils 
with cement, as described above in Section 6.6.2. The proper measures needed to stabilize 
the subgrade will be in part depend on the actual soil conditions exposed at the bottom of 
the excavation, and the contractor’s construction methods and sequence. 

7.4 PAVEMENT SUBGRADE PREPARATION 

Following the stripping operation and excavations necessary to achieve construction 
subgrade elevations, the ground surface where structural fill or pavements are to be placed 
should be observed by PanGEO. Proof-rolling should be performed to identify soft or 
unstable areas. Proof-rolling should be performed using a fully loaded, tandem-axle dump 
truck with a minimum gross weight of 20 tons. Other equipment can be used, provided the 
subgrade loading is equivalent. The dump truck should make several overlapping passes in 
perpendicular directions over a given area. Soft or yielding areas identified during proof-
rolling should be moisture conditioned as needed and re-compacted in place.  
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If soft areas are still yielding after re-compaction, they should be over-excavated and 
replaced with structural fill to a depth that will provide a stable pavement base. The optional 
use of a geotextile subgrade stabilization fabric, such as Mirafi 600X, or an equivalent 
product placed directly on the over-excavated surface may help to bridge excessively 
unstable areas. Over-excavated areas should be and backfilled with 1¼-inch Crushed 
Surfacing Base Course, or WSDOT gravel borrow (WSDOT 9-03.14(1))  compacted to the 
requirements of structural fill. The subgrade preparation should be observed by PanGEO 
to verify the adequacy of the prepared subgrade. 

7.5 STRUCTURAL FILL AND COMPACTION 

If structural fill is needed at the site, we recommend using a granular fill material such as 
Gravel Borrow (WSDOT 9-03.14(1)), or other approved equivalent. Alternatively, in our 
opinion, the on-site material, may be re-used as structural fill below pavements and 
sidewalks provided that it can be adequately compacted. We do not recommend the re-use 
of on-site material below building footings. 

Based on the relatively high fines content of the on-site soils, we anticipate that cement 
treatment will be needed to adequately re-use the on-site soils other than in the summer 
when the soils can be dried to near optimum moisture content. It should be noted that the 
on-site fill includes scattered debris, which should be screened from the fill prior to using 
as structural fill. Recommendations for cement treatment are provided in Section 6.6.2 of 
this report. 

The structural fill should be moisture conditioned to near optimum moisture content, placed 
in loose, horizontal lifts less than 8 inches in thickness, and systematically compacted to a 
dense and unyielding condition, and to at least 95 percent of the maximum dry density, as 
determined using test method ASTM D 1557.   

7.6 EROSION AND DRAINAGE CONSIDERATIONS 

Surface runoff can be controlled during construction by careful grading practices.  This 
may include the construction of shallow, upgrade perimeter ditches or low earthen berms 
to collect runoff and prevent water from entering the excavation.  All collected water 
should be directed to a positive and permanent discharge system such as a storm sewer.  It 
should be noted that some of the site soils are prone to surficial erosion.  Special care should 
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be taken to avoid surface water on open cut excavations, and exposed slopes should be 
protected with plastic sheeting.   

Permanent control of surface water and roof runoff should be incorporated in the final 
grading design.  In addition to these sources, irrigation and rain water infiltrating into any 
landscape and/or planter areas adjacent to paved areas or building foundations should also 
be controlled.  Water should not be allowed to pond immediately adjacent to buildings or 
paved areas.  All collected runoff should be directed into conduits that carry the water away 
from pavements or the structure and into storm drain systems or other appropriate outlets.  
Adequate surface gradients should be incorporated into the grading design such that surface 
runoff is directed away from structures. 

7.7 WET WEATHER EARTHWORK AND EROSION CONSIDERATIONS 

The fill soils at the site are expected to contain a moderate to high amount of fines, and are 
therefore considered moisture sensitive.  As a result, it may be more economical to perform 
earthwork in the drier summer months to reduce the potential of site soils becoming soft 
due to excessive moisture. Any softened soils should be removed and replaced with 
structural fill.   

General recommendations relative to earthwork performed in wet weather or in wet 
conditions are presented below: 

• Because site soils are considered moisture sensitive, all subgrade surfaces 
should be protected against inclement weather. 

• Earthwork may need to be performed in small areas to minimize subgrade 
exposure to wet weather.  Excavation or the removal of unsuitable soil should 
be followed promptly by the placement and compaction of structural fill.  The 
size and type of construction equipment used may have to be limited to reduce 
soil disturbance.   

• During wet weather, the allowable fines content of the structural fill should be 
reduced to no more than 5 percent by weight based on the portion passing ¾-
inch sieve.  The fines should be non-plastic. 
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• The ground surface within the construction area should be graded to promote 
run-off of surface water and to prevent the ponding of water, and to prevent 
surface water from entering the excavations. 

• Bales of straw and/or geotextile silt fences should be strategically located to 
control erosion and the movement of sediment.  Erosion control measures 
should be installed along all the property boundaries. 

• Excavation slopes and soils stockpiled on site should be covered with plastic 
sheeting. 

• Under no circumstances should soil be left uncompacted and exposed to 
moisture. 

8.0 LIMITATIONS 

We have prepared this report for use by Alliance Residential and the project team.  
Recommendations contained in this report are based on a site reconnaissance, a review of 
existing subsurface explorations, and our understanding of the project.  The study was 
performed using a mutually agreed-upon scope of work.   

Variations in soil conditions may exist between the explorations and the actual conditions 
underlying the site.  The nature and extent of soil variations may not be evident until 
construction occurs.  If any soil conditions are encountered at the site that are different 
from those described in this report, we should be notified immediately to review the 
applicability of our recommendations.  Additionally, we should also be notified to review 
the applicability of our recommendations if there are any changes in the project scope. 

The scope of our work does not include services related to construction safety precautions.  
Our recommendations are not intended to direct the contractors’ methods, techniques, 
sequences or procedures, except as specifically described in our report for consideration in 
design.  Additionally, the scope of our work specifically excludes the assessment of 
environmental characteristics, particularly those involving hazardous substances.  We are 
not mold consultants nor are our recommendations to be interpreted as being preventative 
of mold development.  A mold specialist should be consulted for all mold-related issues. 



Geotechnical Engineering Report 
Prose Fircrest – 2119 Mildred Street West, Fircrest, WA 
December 14, 2022 

21-529_2119 mildred st w_rpt_2022-12-14.docx Page 24 PanGEO, Inc. 

This report may be used only by the client and for the purposes stated, within a reasonable 
time from its issuance.  Land use, site conditions (both off and on-site), or other factors 
including advances in our understanding of applied science, may change over time and 
could materially affect our findings.  Therefore, this report should not be relied upon after 
24 months from its issuance.  PanGEO should be notified if the project is delayed by more 
than 24 months from the date of this report so that we may review the applicability of our 
conclusions considering the time lapse. 

It is the client’s responsibility to see that all parties to this project, including the designer, 
contractor, subcontractors, etc., are made aware of this report in its entirety.  The use of 
information contained in this report for bidding purposes should be done at the contractor’s 
option and risk.  Any party other than the client who wishes to use this report shall notify 
PanGEO of such intended use and for permission to copy this report.  Based on the intended 
use of the report, PanGEO may require that additional work be performed and that an 
updated report be reissued.  Noncompliance with any of these requirements will release 
PanGEO from any liability resulting from the use this report. 

Within the limitation of scope, schedule and budget, PanGEO engages in the practice of 
geotechnical engineering and endeavors to perform its services in accordance with 
generally accepted professional principles and practices at the time the Report or its 
contents were prepared.  No warranty, express or implied, is made. 
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We appreciate the opportunity to be of service to you on this project.  Please feel free to 
contact our office with any questions you have regarding our study, this report, or any 
geotechnical engineering related project issues. 

 
Sincerely, 
 

PanGEO, Inc. 

 
              
             
 
 
 
 
 
 
Jon C. Rehkopf, P.E.   
Principal Geotechnical Engineer 
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3. Additional features are based on GIS data obtained from Pierce County and WA DNR wesbsites.
4. Topology and GIS features are provided for relative information only and are not a substitution for field survey.
5. Locations of subsurface explorations are approximate and based on the relative locations of known site features.
6. Vertical Datum: NGVD 1929 = (NAVD 1988 - 3.50 ft) per City of Tacoma Public Works Department
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GLACIAL TILL CONTACT
APPROXIMATE ELEVATION OF

21-529

1. Aerial background, dated 2018, obtained from Pierce County GIS website.
2. Approximate elevations of glacial till contact inferred  from subsurface explorations by others.
3. Additional features are based on GIS data obtained from Pierce County and WA DNR wesbsites.
4. Topology and GIS features are provided for relative information only and are not a substitution for field survey.
5. Locations of subsurface explorations are approximate and based on the relative locations of known site features.
6. Vertical Datum: NGVD 1929 = (NAVD 1988 - 3.50 ft) per City of Tacoma Public Works Department
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Study Sections A & B 
CROSS-SECTIONS

21-529

1. Topology derived 2017 Green River Service Area LiDAR data
obtained from Washington DNR website.

2. Locations of glacial till contact are approximate and based on
subsurface explorations by others.

3. Locations of subsurface explorations are approximate and based
on the relative locations of known site features.

4. Geologic contacts between explorations are inferred.
5. Vertical Datum: NGVD 1929 = (NAVD 1988 - 3.50 ft) per City of

Tacoma Public Works Department.
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SECTION C  |  0+00 TO 1+50
CROSS-SECTIONS

21-529

1. Topology derived 2017 Green River Service Area LiDAR data obtained from Washington DNR website.
2. Locations of glacial till contact are approximate and based on subsurface explorations by others.
3. Vertical Datum: NGVD 1929 = (NAVD 1988 - 3.50 ft) per City of Tacoma Public Works Department
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SECTION C  |  1+75 TO 3+00
CROSS-SECTIONS

21-529

1. Topology derived 2017 Green River Service Area LiDAR data obtained from Washington DNR website.
2. Locations of glacial till contact are approximate and based on subsurface explorations by others.
3. Vertical Datum: NGVD 1929 = (NAVD 1988 - 3.50 ft) per City of Tacoma Public Works Department
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SECTION C  |  3+25 TO 4+50
CROSS-SECTIONS

21-529

1. Topology derived 2017 Green River Service Area LiDAR data obtained from Washington DNR website.
2. Locations of glacial till contact are approximate and based on subsurface explorations by others.
3. Vertical Datum: NGVD 1929 = (NAVD 1988 - 3.50 ft) per City of Tacoma Public Works Department
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SECTION C  |  4+75 TO 6+00
CROSS-SECTIONS

21-529

1. Topology derived 2017 Green River Service Area LiDAR data obtained from Washington DNR website.
2. Locations of glacial till contact are approximate and based on subsurface explorations by others.
3. Vertical Datum: NGVD 1929 = (NAVD 1988 - 3.50 ft) per City of Tacoma Public Works Department
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SECTION C  |  6+25 TO 6+50
CROSS-SECTIONS

21-529

1. Topology derived 2017 Green River Service Area LiDAR data obtained from Washington DNR website.
2. Locations of glacial till contact are approximate and based on subsurface explorations by others.
3. Vertical Datum: NGVD 1929 = (NAVD 1988 - 3.50 ft) per City of Tacoma Public Works Department
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APPENDIX A 

EXISTING SUBSURFACE EXPLORATIONS 

(Kleinfelder, 2005) 
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