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 Purpose and Need 

Purpose  
The purpose of this project is to replace the existing Magnolia Bridge structure, 
approaches, and related arterial connections with facilities that maintain convenient 
and reliable vehicular and non-motorized access between the Magnolia community 
and the rest of the City of Seattle. The bridge provides an important link to the 
Magnolia community in Seattle (see Figure 1 and Figure 2).  Since the existing 
bridge also provides the only public vehicular access to the land between North Bay, 
also referred to as Terminal 91, Smith Cove Park, Elliott Bay Marina, and U.S. Navy 
property, the project purpose also includes maintenance of access to these areas. 

Need 
Structural Deficiencies 

The City of Seattle has identified the Magnolia Bridge as an important bridge that 
should remain standing following a “design” seismic event (an earthquake with a 
peak ground acceleration of 0.3g that is anticipated to happen every 475 years and 
may measure 7.5 on the Richter Scale). Even with the repairs completed following 
the February 2001 earthquake, the existing bridge is susceptible to severe damage 
and collapse from an earthquake that is less severe than the “design” seismic event.   

The original bridge was constructed in 1929 and has been modified, strengthened, 
and repaired several times. The west end of the bridge was damaged by a landslide 
in 1997, requiring repair and replacement of existing bridge columns and bracing, 
the construction of six additional supports, and a retaining wall north of the bridge to 
stabilize the bluff from further landslides.  Repairs after the 2001 earthquake 
included replacement of column bracing at 27 of the 81 bridge supports. A partial 
seismic retrofit of the single-span bridge structure over 15th Avenue West was 
completed in 2001.  The other spans were not upgraded.  

Inspections of the bridge conclude that the concrete structure is showing signs of 
deterioration. The concrete is cracking and spalling at many locations, apparently 
related to corrosion of the reinforcing steel.  The bridge requires constant 
maintenance in order to maintain its load capacity, but there does not appear to be 
any immediate load capacity problem. The existing foundations have insufficient 
capacity to handle the lateral load and uplift forces that would be generated by a 
“design” seismic event. The existing foundations to not extend below the soils that 
could liquefy during a “design” seismic event.  If the soils were to liquefy, the 
foundations would loose their vertical load carrying ability and the structure would 
collapse. 

System Linkage 
There are three roadway connections from the Magnolia community, of over 20,000 
residents, to the rest of Seattle.  As the southernmost of the three connections, the 
Magnolia Bridge is the most direct route for much of south and west Magnolia to 
downtown Seattle and the regional freeway system.   
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Figure 1  

Vicinity Map 
In meetings with the public and the Seattle Fire Department, the importance of this 
route for emergency services has been emphasized.  The loss of use of this bridge in 
1997 and again in 2001 demonstrated to the City that the remaining two bridges do 
not provide acceptable operation.  During the bridge closure following the February 
2001 earthquake, the City addressed community concerns about reduced emergency 
response time to medical facilities outside of Magnolia by 24-hour stationing of 
paramedics at Fire Station 41 (2416 34th Avenue West).  
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Figure 2  

Study Area 
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Traffic Capacity 
The three Magnolia community connections to the 15th Avenue West corridor are 
adequate for the present volume of traffic. Each of the three connections carries 
about 30 to 35 percent of the 60,100 daily vehicle trips (2001 counts) in and out of 
the Magnolia community. Loss of the use of the Magnolia Bridge for several months 
after the February 2001 earthquake, and in 1997 following the landslide at the west 
end of the bridge, resulted in lengthy 15 to 30 minute delays and increased trip 
lengths for many of the users of the Magnolia Bridge. These users were required to 
use one of the two remaining bridges at West Dravus Street and West Emerson 
Street.  Travel patterns in the Magnolia community changed substantially resulting 
in negative impacts on local neighborhood streets. The increase of traffic through the 
West Dravus Street and West Emerson Street connections also resulted in 
congestion and delay for the regular users of these routes. Losing the use of any one 
of these three bridges would result in redirected traffic volumes that would 
overwhelm the capacity of the remaining two bridges. 

Modal Interrelationships 
The Magnolia Bridge carries three of the four local transit routes serving Magnolia 
and downtown Seattle destinations. The topography of the east side of Magnolia, 
East Hill, would make access to the 15th Avenue West corridor via the West Dravus 
Street bridge a circuitous route for transit.  Use of the West Emerson Street 
connection to 15th Avenue West would add significant distance and travel time for 
most trips between Magnolia and downtown Seattle. 

The Magnolia Bridge has pedestrian facilities connecting the Magnolia 
neighborhood to Smith Cove Park and Elliott Bay Marina as well as to 15th Avenue 
West/Elliott Avenue West. These facilities need to be maintained. The Elliott Bay 
multi-use trail connects Magnolia with downtown Seattle through Myrtle Edwards 
Park. The trail passes under the Magnolia Bridge along the west side of the BNSF 
rail yard, but there are no direct connections to the bridge. 

Bicycle facilities on the Magnolia Bridge need to be maintained or improved. Even 
with the steep (about 6.3 percent) grade, bicyclists use the Magnolia Bridge in both 
directions. There are no bike lanes on the bridge, so bicyclists use the traffic lanes 
and sidewalks. Once bicyclists cross the bridge, they must either travel with motor 
vehicles on Elliott Avenue West or find a way back to the Elliott Bay Trail using 
local east-west streets such as the Galer Flyover.  

Transportation Demand 
The existing Magnolia Bridge provides automobile access for Port of Seattle North 
Bay (Terminal 91) to and from the Elliott Avenue West/15th Avenue West.  Truck 
access between Terminal 91 and Elliott Avenue West/15th Avenue West is 
accommodated via the Galer Flyover.  Future planned expansion of the Amgen 
facility on Alaskan Way West and redevelopment of underutilized portions of North 
Bay and other areas of Interbay will increase demand for traffic access to the Elliott 
Avenue West/15th Avenue West corridor.  The Port of Seattle has a master planning 
process underway (July 2003) for its North Bay property (Terminal 91) and the 
Washington National Guard property east of the BNSF Railway between West 
Garfield Street and West Armory Way. This area contains 82 acres available for 
redevelopment.  There are also 20 or more acres of private property available for 
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redevelopment east of the BNSF Railway between West Wheeler Street and West 
Armory Way.  Redevelopment of the North Bay property will include public surface 
streets with connections to the replacement for the Magnolia Bridge.  Forecasts of 
future (year 2030) traffic demand indicate that the access provided by the Galer 
Flyover and West Dravus Street would be inadequate.  The capacity provided by the 
existing Magnolia Bridge or its replacement would also be needed. 

Legislation 
Seattle Ordinance 120957, passed in October 2002, requires the Magnolia Bridge 
Replacement Study:  identify possible additional surface roads from Magnolia to the 
waterfront (avoiding 15th Avenue West and the railroad tracks); obtain community 
input on the proposed roads; and identify the cost for such road and include it in the 
total cost developed in the Magnolia Bridge Replacement Study.  
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 Description of Alternatives 

An alignment study process was implemented to help identify the specific bridge 
replacement alternatives to be studied in the EIS. Twenty-five concepts were 
developed and screened against the project goals and objectives.  This resulted in 
nine alignment alternatives, identified as A through I, that merited further analysis. 
These nine went through an extensive public review and comment process as well as 
project screening criteria and prioritization.  Initially, the top four priority 
alternatives, A, B, D, and H, were identified to be studied in the EIS.  Early on, 
Alternative B was eliminated because it became clear that it violated City shoreline 
policies and Federal section 4(f) criteria. Following detailed traffic analysis, 
Alternative H was eliminated because two key intersections were predicted to 
function at a level of service F and could not be mitigated. The next priority, 
Alternative C, was then carried forward for analysis in the EIS.   

Independent of this project, a new north-south surface street will be constructed on 
Port of Seattle property connecting 21st Avenue West at the north end of North Bay 
with 23rd Avenue West near Smith Cove Park. In addition, a southbound ramp will 
be added to the Galer Flyover to accommodate eastbound to southbound Elliott 
Avenue West traffic movements. The Galer Flyover ramp has been identified as a 
needed improvement for expected future development of property west of the 
railroad tracks. New surface streets through the Port of Seattle property will be 
located through the Port’s master planning process for the North Bay property. The 
north-south surface street and ramp are assumed to exist in any build alternative, but 
are not part of this environmental process. 

Typical sections and plans of the build and no-build alternatives are located at the 
end of this section. 

No Build Alternative 
The No Build Alternative, shown in Figure 3 and Figure 5, would maintain the 
existing bridge structure in place with the existing connections at the east and west 
ends. Long-term strategies for maintaining the existing structure would be required 
for the No Build alternative. To keep the existing bridge in service for over ten 
years, the following would need to be accomplished: 

• An in-depth inspection of the bridge would be required to determine needed 
repairs and a long-term maintenance program. 

• Concrete repairs would be required. These repairs could include injection of 
cracks with epoxy grout, repair of spalled concrete, and replacement of 
deficient concrete and grout. 

• Preservation measures to slow corrosion of the reinforcement would be 
required. These measures could include a cathodic protection system. 

• Any structural elements that lack the capacity to carry a tractor-trailer truck 
with a 20-ton gross trailer weight would need to be identified, modeled, and 
strengthened. 
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Alternative A 
Alternative A would replace the existing bridge with a new structure immediately 
south of the existing bridge as shown in Figure 4 and Figure 6. The alternative 
would construct a signalized elevated intersection (Alternative A – Intersection) in 
the bridge’s mid-span to provide access to the waterfront and the Port of Seattle 
North Bay property from both the east and the west. Connections at the east and 
west ends of the bridge would be similar to the existing bridge. 

An optional half-diamond interchange (Figure 7  Alternative A - Ramps) could be 
constructed in lieu of the elevated intersection to provide access to the waterfront 
and the Port of Seattle North Bay property to and from the east only. 

Alternative C 
Alternative C would provide 2,200 feet of surface roadway within the Port of Seattle 
North Bay property between two structures as shown in Figure 4 and Figure 8. The 
alternative would descend from Magnolia Bluff on a structure running along the toe 
of the slope. The alignment would reach the surface while still next to the bluff, 
before turning east to an intersection with the north-south surface street. The 
alignment would continue east from the intersection, turning south along the west 
side of the rail yard. The alignment would rise on fill and structure, turning east to 
cross the railroad tracks and connect to 15th Avenue West. 

Alternative D 
Alternative D would construct a new bridge in the form of a long arc north of the 
existing bridge, as shown in Figure 4 and Figure 9. Connections at the east and west 
ends of the bridge would be similar to the existing bridge. This alternative would 
construct a signalized elevated intersection (Alternative D – Intersection) in the 
bridge mid-span to provide access to the waterfront and Port of Seattle North Bay 
property from both the east and the west. 

An optional half-diamond interchange (Figure 10  Alternative D - Ramps) could be 
constructed in lieu of the elevated intersection to provide access to the waterfront 
and the Port of Seattle North Bay property to and from the east only. 
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Bridge West End

Garfield Overpass

Ramps to 23rd Avenue West

Ramp to Port Access

15th Avenue West Connection
Eastbound Off-Ramp
Westbound On-Ramp

For mainline dimensions
see West End Typical Section

NOTE:
Dimensions are approximate and obtained from 
construction plans and aerial photographs. The 
information shown has not been field verified.

 
Figure 3  

Typical Sections – No Build Alternative 
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West End East End

On-Ramp Off-Ramp

Garfield Overpass 15th Avenue West Connection
Eastbound Off-Ramp
Westbound On-Ramp

Typical A & D Ramp OptionTypical A & D Intersection Option

* 15' Alternative C
19' Alternative D

* 16' Alternative D

T-Ramp

Typical Bridge Structure

Typical Alternative C Surface Road

 
Figure 4  

Typical Sections – Build Alternatives 
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Figure 5  No Build Alternative 
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Figure 6  Alternative A - Intersection 
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Figure 7  Alternative A - Ramps 
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Figure 8  Alternative C 
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Figure 9  Alternative D - Intersection 
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Figure 10  Alternative D - Ramps 
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 Methods 

Information about the geologic surface and subsurface conditions along the build 
alternative alignments (affected environment) was evaluated by reviewing existing 
available subsurface information; by performing a geologic field slope 
reconnaissance; and by performing subsurface explorations.  Available subsurface 
information was collected from files maintained by the City of Seattle, the City of 
Seattle Department of Planning and Development (DPD), the Seattle-area Geologic 
Mapping project office, and the Port of Seattle.  A geologic slope reconnaissance of 
the western approaches for the build alternatives was also performed to identify 
major geologic surface features such as landslide scarps, seepage, and erosional 
evidence.  Information from published geologic maps and other documents was also 
reviewed.  Available information regarding existing building foundations was 
collected from several City, County, and Port of Seattle sources. 

The information collected from the data review, geologic field slope reconnaissance, 
and subsurface explorations was used to develop a description of the affected 
environment including geology, location of critical geologic areas, and general 
topographic setting.  A description of the affected environment based on these 
studies is presented later in this report.   

Based on the No Build Alternative and the build alternatives (Alternatives A, C, 
and D), geologic and geotechnical impacts were assessed related to cuts and fills, 
retaining walls, bridge foundations, landslides, liquefaction, lateral spreading, 
construction, and utilities.  Mitigation measures for these impacts are proposed and 
are included in this report. 
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 Affected Environment 

The information collected from the literature and data review, field reconnaissance, 
and field explorations was used to develop a description of the affected environment.  
This description includes the general topographic setting; geology; location of 
critical geologic areas (such as landslides, groundwater levels, glacial soil, etc); 
location of regional faults and other geologic hazards; and other miscellaneous but 
pertinent geologic data related to the proposed alternatives.  The following sections 
describe each of these issues in more detail.  The project vertical datum is NAVD88.  
The site and exploration plans are presented on Figures 11, 12, and 13 for 
Alternatives A, C, and D, respectively.   

Project Area Description and Topographic Setting 
A study area topographic map is shown on Figure 14.  Alternatives A, C, and D are 
located in the area between West Boston Street to the north and Piers 90 and 91 to 
the south.  Alternatives A, C, and D would connect to West Galer Street at their west 
ends, similar to the existing alignment, and they would use the existing Magnolia 
Bridge on-ramp alignment just east of 15th Avenue West.   

The majority of Alternative A would be parallel to, run immediately south of, and be 
within about 50 feet of, the existing bridge structure.  Alternatives C and D would be 
a maximum of approximately 1,800 and 570 feet north of the existing bridge, 
respectively.   

The existing topography is relatively flat from east to west, until the alignments 
reach the toe of Magnolia Bluff.  From the toe of the bluff’s slope, the ground 
surface rises to the Magnolia surface streets.  The maximum ground slope up 
Magnolia Bluff at the centerline of the alignments is approximately 1.9 Horizontal to 
1 Vertical (1.9H:1V) for Alternatives A and C, and 3.5H:1V for Alternative D.  The 
elevation gain up Magnolia Bluff is approximately 150 feet.  Queen Anne Hill lies 
east of the three alignments, just beyond their eastern approaches; this hill is about 
80 feet high in the vicinity of the three alignments.   

Residential, commercial, City of Seattle Parks and Recreation, National Guard 
Armory, and Port of Seattle properties comprise most of the development within the 
project area.  Information regarding existing buildings’ foundations within 
approximately 200 feet of each alternative alignment is presented in Table 1.  The 
majority of the proposed alignments are already paved.  The Magnolia Bluff hillside 
is generally vegetated with deciduous trees, predominantly alder and maple along 
with other species, and undergrowth, much of which is Himalayan blackberry and 
ivy. 
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Table 1 
Existing Building Foundations 

ID 
NO. 

SITE 
NAME/BUSINESS 

NAME/TYPE ADDRESS FOUNDATION TYPE 
PARCEL 
NUMBER ALIGNMENT COMMENTS SOURCES 

4 Single family 
residence 

1512 28th Ave W Unknown (footings likely) 5037300060 A, C, D Built in 1938 Archive records, tax assessor 
records, DPD files, King 
County Website 

5 Single family 
residence 

2720 W Galer St Building (1985); footings (2,000 
psf) 

5037300065 A, C, D Built in 1909 Archive records, tax assessor 
records, DPD files, King 
County Website 

6 Single family 
residence 

2700 W Galer St Unknown (footings likely) 5037300075 A, C, D Built 1955 Archive records, tax assessor 
records, DPD files, King 
County Website 

7 Single family 
residence 

1452 28th Ave W Addition/remodel (1982; footings 
2,000 psf); landslide report on file

5553300453 A, C, D Built 1982 Archive records, tax assessor 
records, DPD files, King 
County Website 

8 Single family 
residence 

2719 W Galer St Building (1995); footings (2,000 
psf) 

5553300375 A, C, D Built in 1943; 
Remodeled/Rebuild in 1996 

Archive records, tax assessor 
records, DPD files, King 
County Website 

9 Single family 
residence 

2709 W Galer St  Unknown (footings likely) 5553300381 A, C, D Built 1953 Archive records, tax assessor 
records, DPD files 

10 Single family 
residence 

2715 W Galer St Unknown (footings likely) 5553300380 A, C, D   King County Website 

11 Single family 
residence 

2703 W Galer St Footings (2,000 psf), residence 
includes retaining wall (including 
residences 2619, 2625, and 2703) 

5553300389 A, C, D Built 1985 Archive records, tax assessor 
records, DPD files, King 
County Website 

12 Single family 
residence 

2625 W Galer St Addition/renovation (1995); 
existing property; footings (2,000 
psf), residence includes retaining 
wall (including residences 2619, 
2625, and 2703) 

5553300395 A, C, D Built 1953 Archive records, tax assessor 
records, DPD files, King 
County Website 

13 Single family 
residence 

2619 W Galer St Footings likely, residence includes 
retaining wall (including 
residences 2619, 2625, and 2703) 

5553300405 A, C, D Built 1953 Archive records, tax assessor 
records, DPD files, King 
County Website 

 



 
 

Table 1 (cont.) 
Existing Building Foundations 
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ID 
NO. 

SITE 
NAME/BUSINESS 

NAME/TYPE ADDRESS FOUNDATION TYPE 
PARCEL 
NUMBER ALIGNMENT COMMENTS SOURCES 

14 Single family 
residence 

2617 W Galer St Footings (4,000 psf) 5553300407 A, C, D Built 1987 Archive records, tax assessor 
records, DPD files, King 
County Website 

15 Single family 
residence 

2615 W Galer St Footings 5553300406 A, C, D Built 1987 Archive records, tax assessor 
records, DPD files, King 
County Website 

16 Single family 
residence 

1516 Thorndyke Ave W Unknown (footings likely) 5037300185 A, C, D Built 1951 Archive records, tax assessor 
records, DPD files, King 
County Website 

17 Single family 
residence 

1512 Thorndyke Ave W Unknown (footings likely) 5037300190 A, C, D Built 1926 Archive records, tax assessor 
records, DPD files, King 
County Website 

18 Single family 
residence 

1502 Thorndyke Ave W Unknown (footings likely) 5037300200 A, C, D Built 1940 Archive records, tax assessor 
records, DPD files, King 
County Website 

19 Single family 
residence 

2612 W Galer St Unknown (footings likely) 5037300195 A, C, D Built 1940 Archive records, tax assessor 
records, DPD files, King 
County Website 

20 Single family 
residence 

2608 W Galer St Unknown (footings likely) 5037300220 A, C, D Built 1940 Archive records, tax assessor 
records, DPD files, King 
County Website 

21 Single family 
residence 

2600 W Galer St Unknown (footings likely) 5037300215 A, C, D Built 1940 Archive records, tax assessor 
records, DPD files, King 
County Website 

22 Single family 
residence 

1511 Magnolia Way W Unknown (footings likely) 5037300235 A, C, D Built 1941 Archive records, tax assessor 
records, DPD files, King 
County Website 

23 Single family 
residence 

1517 Magnolia Way W Unknown (footings likely) 5037300241 A, C, D Built 1947 Archive records, tax assessor 
records, DPD files, King 
County Website 

24A Port of Seattle 
property  

2001 W Garfield St Unknown 2325039012 A, C, D Labeled Bldg 49 in DPD 
records; zoned commercial; 
has one building built in 1942 

DPD Parcel Records, King 
County Website 
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Page 30 Affected Environment Geology and Soils Discipline Report 
  Magnolia Bridge Replacement 

ID 
NO. 

SITE 
NAME/BUSINESS 

NAME/TYPE ADDRESS FOUNDATION TYPE 
PARCEL 
NUMBER ALIGNMENT COMMENTS SOURCES 

24B Port of Seattle 
property  

2001 W Garfield St Unknown 2325039013 A, C, D Labeled Bldg 54 in DPD 
records; zoned commercial; 
has one building built in 1942

Archives files on the POS, 
King County Website 

24C Port of Seattle 
property (Northwest 
Harvest) 

2001 W Garfield St Unknown 2325039107 A, C, D Bldg 50 (Boiler House) is 
located on this property, built 
in 1942, based on parcel 
number 2325039015 records 

Archives files on the POS, 
King County Website 

24D Port of Seattle 
property  

2001 W Garfield St Unknown 7666201530 A, C, D Auto processing 
buildings/facilities; truck 
scales; storage yard; BNSF 
railroad tracks 

Archive records, tax assessor 
records, DPD files, King 
County Website 

24E Port of Seattle 
property  

2001 W Garfield St Unknown 7666201146 
 

A, C, D Tank Farm, fuel pump 
station, storage yard, auto 
processing facilities, 
warehouses, car wash 

Archive records, tax assessor 
records, DPD files, King 
County Website 

25 Single family 
residence 

1500 Magnolia Way W Unknown (footings likely) 5037300305 A, C, D Built 1953 Archive records, tax assessor 
records, DPD files, King 
County Website 

26 Single family 
residence 

1512 Magnolia Way W Addition/renovation; footings 5037300300 A, C, D Built 1952 Archive records, tax assessor 
records, DPD files, King 
County Website 

27 Single family 
residence 

1518 Magnolia Way W Addition (1998); footings 5037300295 A, C, D Built 1951 Archive records, tax assessor 
records, DPD files, King 
County Website 

28 Part of Staples 
Office Supply store 

1523 15th Ave W Staples - Building A(2001); 
footings; U-Rent - Building B; 
footings likely 

7666201685 A, C, D Seattle Tide Lands Plat, 
Block 134, Lot 3/No address 
given in DPD 

Archive records, tax assessor 
records, DPD files, King 
County Website 

28 Staples Office 
Supply store 

1523 15th Ave W Staples - Building A(2001); 
footings; U-Rent - Building B; 
footings likely 

7666201690 A, D   Archive records, tax assessor 
records, DPD files, King 
County Website 

28 Alexander U-Rent 
store 

1523 15th Ave W Staples - Building A(2001); 
footings; U-Rent - Building B; 
footings likely 

7666201695 A, D Present: Retail Store; 
Occupying the same building 
as Staples Office Supply.  
DPD has property as vacant 

Archive records, tax assessor 
records, DPD files, King 
County Website 



 
 

Table 1 (cont.) 
Existing Building Foundations 
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ID 
NO. 

SITE 
NAME/BUSINESS 

NAME/TYPE ADDRESS FOUNDATION TYPE 
PARCEL 
NUMBER ALIGNMENT COMMENTS SOURCES 

29 Vacant 
office/warehouse 
building 

1515 15th Ave W Unknown 7666201700 A, D 1990s?-present: whse., office 
bldgs. vacant; 1946 to 1993: 
Turner and Pease operated a 
frozen food plant here. 

Archive records, tax assessor 
records, DPD files, King 
County Website 

30 Precision 
Motorworks 

1501 Elliott Ave W Unknown 7666201705 A, D ? - present:  Precision Motor- 
works; 1958 - ? 

Archive records, tax assessor 
records, DPD files, King 
County Website 

31 Builders Hardware 
Supply 

1524 15th Ave W Building (1930); footings; 
additional building (1971); 
(footings likely) 

7666201660 A, C, D 1960 to present: Builders 
Hardware Store (BHS); 1940-
1960 Restaurant located on 
this parcel 

Archive records, tax assessor 
records, DPD files, King 
County Website 

31 Builders Hardware 
Supply 

1502 15th Ave W (to 
1516?) 

Building (1930); footings; 
additional building (1983); 
(footings likely) 

7666201665 A, C, D Present: BHS; 1931-1941?: 
Shell Service Station; 1942-
1949: Fentron Steel & Iron 
had a whse. located here; 
After 1949 to ?: NW Builders 
Inc. (same as BHS?) had a 
whse., factory, and store 
located here 

Archive records, tax assessor 
records, DPD files, King 
County Website 

32 Part of Builders 
Hardware Supply, 
owner: Winkler 
Family Partnership 
or the Bedrock 
Stoneyard? 

1401-1409 W Garfield 
St 

Unknown 7666201640 A, C, D This is currently part of BHS 
store.  1953 to ?: Michigan 
Sales and Service operated a 
service garage here; 1932 to 
1953: Fentron Steel and Iron 
Works, Inc. had a plant here. 

Archive records, tax assessor 
records, DPD files, King 
County Website 

33 The Bedrock 
Stoneyard 

1415 W Garfield St  Footings 7666201641 A, C, D Present: Vacant building; 
Formerly the U.S. Post Office 
was located here and from 
1940-1960: Best Lock 
Company 

Archive records, tax assessor 
records, DPD files, King 
County Website 

34 Lighthouse 
Uniforms (retail) 

1532 15th Ave W  Footings 7666201650 A, C, D Built 1956 Archive records, tax assessor 
records, DPD files, King 
County Website 
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ID 
NO. 

SITE 
NAME/BUSINESS 

NAME/TYPE ADDRESS FOUNDATION TYPE 
PARCEL 
NUMBER ALIGNMENT COMMENTS SOURCES 

35 SPCC (Formerly 
Rudd Paint 
Company) 

1602 15th Ave W Unknown 3657700060 A, C, D 1911 - ? One bldg with an 
apartment, barbershop, and 
café located at 1604 Elliott 
Ave W. was washed out in 
mudslide in 1930s?; Replaced 
by a restaurant/café in 19?? 
To ?; Rudd Paint & Varnish 
from ? 

Archive records, tax assessor 
records, King County 
Website 

36 Commercial/retail 1630 15th Ave W Building (1964); footings; may be 
demolished; no information for 
new building 

3657700015 A, D Present: Occupied by SPCC; 
1946? -?: Rudd Paint Store; 
1929 - 1946?: A two story 
factory (furniture?)  

Archive records, tax assessor 
records, DPD files, King 
County Website 

37 Dilapidated 
warehouse on 
vacant lot 

1819 15th Ave W Unknown 7666201560 A, C, D 1956 to Present: Property 
owner:  Tsubota Steel & Pipe 
Co., north-south trending 
property is vacant with a 
corrugated metal shed (built 
in 1965) and a lady bug shop 
located on northern portion of 
lot; 1947 to 1956: war surplus 
store (1910-1914 15th Ave 
W); 1901 to 1956: service 
station. 

Archive records, tax assessor 
records, DPD files 

38 Neon electric sign 
company occupies 
lot 

1617 15th Ave W Unknown 7666201601 A, C, D Formerly Evergreen Trailway 
Garage was located here, 
built in 1956 for service and 
repair of autos/buses 

Archive records, tax assessor 
records, DPD files, King 
County Website 

1 Single family 
residence 

2810 W Galer St Addition/renovation (1997); 
footings (2,000 psf) 

2021201085 D Built in 1942 DPD files, King County 
Website 

2 Single family 
residence 

1503 28th Ave W Addition (1988); footings 2021201070 D Built in 1951 DPD files, King County 
Website 

3 Single family 
residence 

2807 W Galer St Unknown (footings likely) 5553300195 D Built 1915 Archive records, tax assessor 
records, DPD files, King 
County Website 

39 Albert Lee 
Appliances 

1470 Elliott Ave W Unknown 7666201775 D   King County Website 
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Existing Building Foundations 
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ID 
NO. 

SITE 
NAME/BUSINESS 

NAME/TYPE ADDRESS FOUNDATION TYPE 
PARCEL 
NUMBER ALIGNMENT COMMENTS SOURCES 

40 Maytag Appliance 
store 

1460 Elliott Ave W Footings (2,500 psf) 7666201780 D Built 1968 DPD files, King County 
Website 

41 Fourplex 2333 W Plymouth St Footings (4,000 psf) 2771604860 C Built in 1959 tax assessor records, DPD 
files 

42 Apartment 2327 W Plymouth St Unknown (footings likely) 2771604865 C Built in 1958 tax assessor records 
43 Condominium 2321 W Plymouth St Footings (400 psf) 6835500000 C Built in 1965 tax assessor records, DPD 

files 
44 Single-family 

residence 
2311 W Howe St Unknown (footings likely) 3547900350 C Built in 1963 tax assessor records 

45 Single-family 
residence 

1820 Amherst Pl W Unknown (footings likely) 3547900370 C Built in 1964 tax assessor records 

46 Single-family 
residence 

1818 Amherst Pl W Footings (2,000 psf); 1991 hot tub 
structure addition on footings 

3547900360 C Built in 1965 tax assessor records, DPD 
files 

47 Single-family 
residence 

1812 Amherst Pl W Unknown (footings likely) 3547900380 C Built in 1940 tax assessor records 

48 Single-family 
residence 

1800 Amherst Pl W Footings for original construction, 
augercast piling foundation repair 
in 1990 

3547900405 C Built in 1962 tax assessor records, DPD 
files 

49 Single-family 
residence 

1528 Magnolia Way W Unknown (footings likely) 2325039040 C Built in 1939 tax assessor records 

50 Single-family 
residence 

1524 Magnolia Way W Footings; 1999 addition on 
footings 

2325039100 C Built in 1927 tax assessor records, DPD 
files 

51 2 rectories and 1 
detached garage 

2301 W Newton St Unknown (footings likely) 2771604405 C Built in 1940 tax assessor records 

52 3 apartment 
buildings 

2323 W Newton St Unknown (footings likely) 2771604390 C Built in 1958 tax assessor records 



 
  

Table 1 (cont.) 
Existing Building Foundations 
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Notes: 
1.   Unknown means information is currently unavailable. 
2.   DPD = City of Seattle Department of Planning and Development 
3.   SFR = Single family residence 
4.  POS = Port of Seattle 
5.  DOD = Department of Defense 
6.  BNSF = Burlington Northern Santa Fe Railway  
7.  whse. = warehouse 
8.  bldg = building 

9.  mfg = manufacturing 
10.  psf = pounds per square foot 
11.  BHS = Builders Hardware Store/Supply 
12.  For a discussion of structures that may be demolished due to construction, refer to the 

Social and Economic Discipline Report. 
13.  Under “foundation type,” listings such as “Addition/remodel (1965)” indicate that in 1965 

an addition and remodel were completed on the property. Listings such as “Footings (2,500 
psf)” indicate that the structure is supported on shallow footings with a design bearing 
pressure of 2,500 psf. 
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Geologic Conditions 
The geologic conditions were interpreted from information obtained from the 
current and previous subsurface explorations, geologic maps of the area, and a 
geologic site reconnaissance, as described previously.  A preliminary geologic map 
of each build alternative is presented in Figures 15, 16, and 17.  A summary of the 
geologic units is presented in Figure 18.  The following sections include a 
description of the regional and site geology, and the soil and groundwater conditions 
encountered along the alignments.  The generalized subsurface conditions along 
Alternative Alignments A, C, and D are shown on the profiles presented on 
Figures 19, 20, and 21, respectively.  

The proposed alternatives extend across a north-trending topographic trough called 
Interbay.  The trough is bounded on both sides by glacial uplands; Magnolia on the 
west and Queen Anne Hill on the east. While the uplands are comprised of very 
dense and hard glacial soils laid down during the advance and retreat of several 
glaciations, the intervening topographic swale/trough of Interbay is comprised of 
loose to dense glacial recessional outwash, beach deposits, and very soft to stiff 
estuarine deposits laid down since the last retreat of glacial ice approximately 13,000 
years ago.  Since the late nineteenth century, the Interbay area (specifically Smith 
Cove) has been filled with various materials. 

The subsurface geology encountered along the three proposed build alignments 
includes pre-Vashon deposits, Vashon glacial deposits, and overlying Holocene 
(post-Vashon) deposits.  An understanding of the geologic history and the 
depositional processes that produced the soil stratigraphy in the project area is useful 
for understanding the engineering characteristics and predicted behavior of the 
deposits encountered along the project alignments and for interpreting stratigraphic 
correlation between borings.  It also provides a framework for anticipating 
subsurface conditions that may not have been disclosed directly by the exploration 
program but which may reasonably be expected based on past local experience with 
similar geologic units. 

Project Geology 
Seattle is located in the central portion of the Puget Lowland, an elongated 
topographic and structural depression bordered by the Cascade Mountains on the 
east and the Olympic Mountains on the west.  This lowland is characterized by a 
series of north-trending ridges separated by deeply cut ravines and broad valleys.  
These ridges and valleys are the result of glacial scouring and subglacial erosion.  In 
general, the ground surface elevation is within 500 feet of sea level. 

During the past 3 million years (Pleistocene Epoch), fluctuating climates have 
caused the waxing and waning of glacial ice in the Puget Lowland.  Geologists now 
believe that the Puget Sound area has been subjected to six or more major 
glaciations during the Pleistocene Epoch (2 million years ago to about 10,000 years 
ago), which filled the Puget Lowland to significant depths with a complex sequence 
of glacial and nonglacial sediments.  These glaciers originated in the coastal 
mountains of British Columbia.  The maximum southward advance of the ice was 
about halfway between Olympia and Centralia (about 60 miles south of Seattle).  
During the most recent ice advance into the central Puget Lowland (Vashon Stade of  
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Figure adapted from electronic files 
provided by HNTB, received 10-31-03.

Location of historic shoreline based on 
Topographic and Bathymetric map of 
Seattle Harbor, Puget Sound, 
Washington Territory (U.S. Coast 
Survey, 1879); Magnolia Park Map 
(Don Sherwood Parks History 
Collection, 1907); and Topographic 
Maps of Seattle, South (City of Seattle 
Engineering Department, 1958).

Surficial geology is based on the 
Preliminary Geologic Map of Seattle 
and Vicinity (Waldron and others, 
1962); Geologic Map of the Seattle NE 
7.5-minute Quadrangle (Troost and 
Booth, in preparation); Shilshole Bay 
7.5-minute Quadrangle topographic 
map (USGS, 1949); Geotechnical 
Report, Magnolia Bridge Slide Repair 
(Shannon & Wilson, Inc., 1997); and a 
2003 slope reconnaissance by 
Shannon & Wilson, Inc.  The slope 
reconnaissance was completed for the 
west approach only.

NOTES

1.

2.

3.
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Alternative A

Figure adapted from electronic files 
provided by HNTB, received 10-31-03.

Location of historic shoreline based on 
Topographic and Bathymetric map of 
Seattle Harbor, Puget Sound, 
Washington Territory (U.S. Coast 
Survey, 1879); Magnolia Park Map 
(Don Sherwood Parks History 
Collection, 1907); and Topographic 
Maps of Seattle, South (City of Seattle 
Engineering Department, 1958).

Surficial geology is based on the 
Preliminary Geologic Map of Seattle 
and Vicinity (Waldron and others, 
1962); Geologic Map of the Seattle NE 
7.5-minute Quadrangle (Troost and 
Booth, in preparation); Shilshole Bay 
7.5-minute Quadrangle topographic 
map (USGS, 1949); Geotechnical 
Report, Magnolia Bridge Slide Repair 
(Shannon & Wilson, Inc., 1997); and a 
2003 slope reconnaissance by 
Shannon & Wilson, Inc.  The slope 
reconnaissance was completed for the 
west approach only.

NOTES

1.

2.

3.
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(See Figure 18 for Unit 
Descriptions)
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NOTES

Figure adapted from electronic files 
provided by HNTB, received 7-23-04.

Location of historic shoreline based on 
Topographic and Bathymetric map of 
Seattle Harbor, Puget Sound, 
Washington Territory (U.S. Coast 
Survey, 1879); Magnolia Park Map 
(Don Sherwood Parks History 
Collection, 1907); and Topographic 
Maps of Seattle, South (City of Seattle 
Engineering Department, 1958).

Surficial geology is based on the 
Preliminary Geologic Map of Seattle 
and Vicinity (Waldron and others, 
1962); Geologic Map of the Seattle NE 
7.5-minute Quadrangle (Troost and 
Booth, in preparation); Shilshole Bay 
7.5-minute Quadrangle topographic 
map (USGS, 1949); Geotechnical 
Report, Magnolia Bridge Slide Repair 
(Shannon & Wilson, Inc., 1997); and a 
2003 and 2004 slope reconnaissance 
by Shannon & Wilson, Inc.  The slope 
reconnaissance was completed for the 
west approach only.
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3.

MATCHLINE (SEE SHEET 2 OF 3)
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NOTES

Figure adapted from electronic files 
provided by HNTB, received 7-23-04.

Location of historic shoreline based on 
Topographic and Bathymetric map of 
Seattle Harbor, Puget Sound, 
Washington Territory (U.S. Coast 
Survey, 1879); Magnolia Park Map 
(Don Sherwood Parks History 
Collection, 1907); and Topographic 
Maps of Seattle, South (City of Seattle 
Engineering Department, 1958).

Surficial geology is based on the 
Preliminary Geologic Map of Seattle 
and Vicinity (Waldron and others, 
1962); Geologic Map of the Seattle NE 
7.5-minute Quadrangle (Troost and 
Booth, in preparation); Shilshole Bay 
7.5-minute Quadrangle topographic 
map (USGS, 1949); Geotechnical 
Report, Magnolia Bridge Slide Repair 
(Shannon & Wilson, Inc., 1997); and a 
2003 and 2004 slope reconnaissance 
by Shannon & Wilson, Inc.  The slope 
reconnaissance was completed for the 
west approach only.
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MATCHLINE     
(SEE SHEET 3 OF 3)

MATCHLINE (SEE SHEET 1 OF 3)
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Geologic Unit and Contact
(See Figure 18 for Unit 
Descriptions)
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MATCHLINE      (SEE SHEET 2 OF 3)
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Alternative C

NOTES

Figure adapted from electronic files 
provided by HNTB, received 7-23-04.

Location of historic shoreline based on 
Topographic and Bathymetric map of 
Seattle Harbor, Puget Sound, 
Washington Territory (U.S. Coast 
Survey, 1879); Magnolia Park Map 
(Don Sherwood Parks History 
Collection, 1907); and Topographic 
Maps of Seattle, South (City of Seattle 
Engineering Department, 1958).

Surficial geology is based on the 
Preliminary Geologic Map of Seattle 
and Vicinity (Waldron and others, 
1962); Geologic Map of the Seattle NE 
7.5-minute Quadrangle (Troost and 
Booth, in preparation); Shilshole Bay 
7.5-minute Quadrangle topographic 
map (USGS, 1949); Geotechnical 
Report, Magnolia Bridge Slide Repair 
(Shannon & Wilson, Inc., 1997); and a 
2003 and 2004 slope reconnaissance 
by Shannon & Wilson, Inc.  The slope 
reconnaissance was completed for the 
west approach only.
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(See Figure 18 for Unit 
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Figure adapted from electronic files 
provided by HNTB, received 10-31-03.

Location of historic shoreline based on 
Topographic and Bathymetric map of 
Seattle Harbor, Puget Sound, 
Washington Territory (U.S. Coast 
Survey, 1879); Magnolia Park Map 
(Don Sherwood Parks History 
Collection, 1907); and Topographic 
Maps of Seattle, South (City of Seattle 
Engineering Department, 1958).

Surficial geology is based on the 
Preliminary Geologic Map of Seattle 
and Vicinity (Waldron and others, 
1962); Geologic Map of the Seattle NE 
7.5-minute Quadrangle (Troost and 
Booth, in preparation); Shilshole Bay 
7.5-minute Quadrangle topographic 
map (USGS, 1949); Geotechnical 
Report, Magnolia Bridge Slide Repair 
(Shannon & Wilson, Inc., 1997); and a 
2003 slope reconnaissance by 
Shannon & Wilson, Inc.  The slope 
reconnaissance was completed for the 
west approach only.

NOTES

1.

2.

3.

LEGEND

Geologic Unit and Contact
(See Figure 18 for Unit 
Descriptions)
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(Approximate Location)

Scarp of Landslide Scar
Toe Bulge
(Approximate Location)
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(Approximate Location)

Smith Cove (water)
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Figure adapted from electronic files 
provided by HNTB, received 10-31-03.

Location of historic shoreline based on 
Topographic and Bathymetric map of 
Seattle Harbor, Puget Sound, 
Washington Territory (U.S. Coast 
Survey, 1879); Magnolia Park Map 
(Don Sherwood Parks History 
Collection, 1907); and Topographic 
Maps of Seattle, South (City of Seattle 
Engineering Department, 1958).

Surficial geology is based on the 
Preliminary Geologic Map of Seattle 
and Vicinity (Waldron and others, 
1962); Geologic Map of the Seattle NE 
7.5-minute Quadrangle (Troost and 
Booth, in preparation); Shilshole Bay 
7.5-minute Quadrangle topographic 
map (USGS, 1949); Geotechnical 
Report, Magnolia Bridge Slide Repair 
(Shannon & Wilson, Inc., 1997); and a 
2003 slope reconnaissance by 
Shannon & Wilson, Inc.  The slope 
reconnaissance was completed for the 
west approach only.

NOTES

1.

2.

3.

LEGEND

Geologic Unit and Contact
(See Figure 18 for Unit 
Descriptions)

1879 Shoreline
(Approximate Location)

Scarp of Landslide Scar
Toe Bulge
(Approximate Location)

Seepage/Spring 
(Approximate Location)

Smith Cove (water)

Hf



GEOLOGIC UNITS

15,000 yrs BP *

Q
 =

 Q
ua

te
rn

ar
y

p = Pre-Vashon
      6 or more glacial and
      interglacial episodes

v = Vashon

o = outwash
at = ablation till

g = glacial

n = nonglacial
     (interglacial)

l = lacustrine
m = mudflow

l = lacustrine
o = outwash
m = marine
t = till (lodgment)

t = till (lodgment)
a = advance outwash
gl = glaciolacustrine

Qva

Qpnl

Qvgl

FILL:  Fill placed by humans, both engineered and nonengineered.
Various materials, including debris; cobbles and boulders common; commonly dense or stiff if engineered, but 
very loose to dense or very soft to stiff if nonengineered.

LANDSLIDE DEPOSITS:  Deposits of landslides, normally at and adjacent to the toe of slopes.
Disturbed, heterogeneous mixture of several soil types; loose or soft, with random dense or hard pockets.

ESTUARINE DEPOSITS:  Estuary deposits of intertidal zones associated with rivers and streams located along 
the present and former Puget Sound shoreline.
Clayey Silt, silty Clay, Silt, and fine Sand; very soft to very stiff or very loose to medium dense.

BEACH DEPOSITS:  Deposits along present and former shorelines of Puget Sound and tributary river mouths.
Silty Sand, sandy Gravel, Sand, scattered fine Gravel, organic and shell debris; loose to dense.

RECESSIONAL OUTWASH DEPOSITS:  Glaciofluvial sediment deposited as glacial ice retreated.
Clean to silty Sand, gravelly Sand, sandy Gravel; cobbles and boulders common; loose to very dense.

TILL:  Lodgment till laid down along the base of the glacial ice.
Gravelly silty Sand, silty gravelly Sand ("hardpan"); cobbles and boulders common; very dense.

ADVANCE OUTWASH:  Glaciofluvial sediment deposited as the glacial ice advanced through the Puget Lowland.
Clean to silty Sand, gravelly Sand, sandy Gravel; dense to very dense.

GLACIOLACUSTRINE DEPOSITS:  Fine-grained glacial flour deposited in proglacial lake in Puget Lowland.
Silty clay, Clayey Silt, with interbeds of Silt and fine Sand; locally laminated; scattered organic fragments near base; 
hard or dense to very dense.

Qvro

Qvt

He

Hb

Hls

Hf

HOLOCENE DEPOSITS

QUATERNARY VASHON DEPOSITS

H = Holocene f = fill
ls = landslide

r = recessional

e = estuarine
b = beach

10,000 yrs BP *

Present

QUATERNARY PRE-VASHON DEPOSITS

NOMENCLATURE

Qpnm

LACUSTRINE DEPOSITS:  Fine-grained lake deposits in depressions, large and small.
Fine sandy Silt, silty fine Sand, clayey Silt; scattered to abundant fine organics; dense to very dense or very stiff to hard.

MUDFLOW DEPOSITS:  Distal deposits of mass movements such as landslides or lahars.
Stratified or irregular bodies of a heterogeneous mixture of Gravel, Sand, Silt, and Clay; pumice, obsidian and ash 
common; rare organics (charcoal); very stiff to hard or very dense.

TILL:  Lodgment till laid down along the base of the glacial ice
Gravelly silty Sand, silty gravelly Sand ("hardpan"); cobbles and boulders common; very dense.

OUTWASH:  Glaciofluvial sediment deposited as the glacial ice advanced through the Puget Lowland.
Clean to silty Sand, gravelly Sand, sandy Gravel; very dense.

GLACIOLACUSTRINE DEPOSITS:  Fine-grained glacial flour deposited in proglacial lake in Puget Lowland.
Silty Clay, clayey Silt, with interbeds of Silt and fine Sand; very stiff to hard or very dense.

Qpgo

Qpgl

Qpgt

LEGEND

*

Years BP

Glacially Overridden 
Soil Units Below Line

Radiocarbon Years 
Before Present (1950)

These radiometric (C   ) dates are based on data in Central Puget Lowland.  Equivalent 
calendar years before present are approximately 15,000 and 18,000 yrs BP.  These 
dates may differ from onset and end of Vashon (late Pleistocene) glacial episode in 
other parts of the Puget Lowland.

The description of each geologic unit includes only general information 
regarding the environment of deposition and basic soil characteristics.

Each geologic unit has a two- to four-letter abbreviation composed of a 
leading capital letter signifying geologic age, followed by one or more 
lowercase letters indicating further breakdown of geologic age, 
depositional environment, or geologic process.

The nomenclature graphic was created to explain the distinctions among 
geologic deposits in the Central Puget Lowland for engineering purposes, 
e.g. engineering properties of geologic deposits.  The actual geologic 
designations and dates, according to internationally accepted stratigraphic 
rules, may be slightly different.

NOTES
1.

2.

3.

14
2,000,000 yrs BP

Alternatives A, C, and D

Figure 18 - Geologic Unit Explanation
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Figure 19, Sheet 2 of 2 - Generalized Subsurface Profile - Alternative A
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Nonstandard Penetration Test, Blow Count Converted 
to an Approximate SPT in Blows/Foot

Nonstandard Penetration Test, Blow Count Converted 
to an Approximate SPT in Blows/Inches Driven

Porter Penetration Test (PPT), Blows/6 Inches
(every other PPT shown)

Groundwater Level Observed During Drilling

Groundwater Level and Date Recorded

Approximate Geologic Contact

Glacially Overridden Soil Units Below Line

Bottom of Boring
Date Completed

Vertical Exaggeration = 5X

1.

2.

3.

This subsurface profile is generalized from materials observed in soil 
borings. Variations may exist between profile and actual conditions.  
Contact lines are dashed where questionable. 

Figure adapted from electronic files provided by HNTB,  received 10-31-03.

Datum: NAVD 88
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Figure 20, Sheet 1 of 3 - Generalized Subsurface Profile - Alternative C
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Figure 20, Sheet 2 of 3 - Generalized Subsurface Profile - Alternative C
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Figure 20, Sheet 3 of 3 - Generalized Subsurface Profile - Alternative C
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Vertical Exaggeration = 5X

1.

2.

3.

4.

5.

This subsurface profile is generalized from materials observed in soil 
borings. Variations may exist between profile and actual conditions.  
Contact lines are dashed where questionable.  

Figure adapted from electronic files provided by HNTB,  received 10-31-03 
and 7-23-04.

Datum: NAVD 88

The blow counts for CP-205B were assumed to be SPTs.

The top three samples in CP-109 were taken using a 3-inch-diameter split 
spoon.  The log did not describe the hammer weight or drop height; 
therefore, the blow counts could not be converted to SPTs.
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Fraser Glaciation), the thickness of ice is estimated to have been about 3,000 feet in 
the alignment area.  The last ice receded from the study area about 13,500 years ago.   

The distribution of the sediments in the Puget Lowland is complex, because each 
glacial advance deposited new sediment and partially eroded older sediments.  
During interglacial episodes, the complete or partial erosion, or the reworking of 
some deposits, as well as the local deposition of other sediments further complicated 
the geologic setting.  Pre-Vashon sediments are all of those deposited prior to the 
Vashon Stade, including both glacial and nonglacial materials. 

The soils that were deposited during ice recession (Qvro) and after the 
disappearance of the Vashon ice in the Puget Lowland have engineering 
characteristics very different from soils that have been overridden by glacial ice.  Of 
particular note in the project area are fill, beach, estuarine, and reworked glacial 
deposits that underlie the Interbay area.  These Holocene deposits have not been 
overridden by glacial ice and exhibit densities and consistencies ranging between 
very loose to dense and very soft to very stiff. 

Based on the results from current explorations, understanding of the geology in the 
area, review of the available subsurface information collected in data searches, and 
published references, the following geologic units would likely be encountered 
along the three project alignments. 

Holocene (post-glacial) deposits consist of four units: 

Hf  Human-placed fill materials  
Hls  Landslide deposits 
He  Estuarine deposits  
Hb  Beach deposits  
 
Vashon recessional deposits consist of one unit: 

Qvro Vashon recessional outwash  
 
Vashon glacial (glacially consolidated) deposits consist of three units: 

Qvt Vashon lodgment till 
Qva Vashon advance outwash 
Qvgl Vashon glaciolacustrine deposits 
 
Pre-Vashon glacial deposits consist of three units: 

Qpgo Glacial outwash deposits 
Qpgl Glaciolacustrine deposits 
Qpgt Pre-Vashon lodgment till 
 
Pre-Vashon nonglacial deposits consist of two units: 

Qpnl Lacustrine deposits 
Qpnm Mudflow deposits 

A general soil description for each of the above geologic units is presented on 
Figure 18. 
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Hydrogeologic Regime 
The hydrogeologic regime in the Puget Sound area is highly variable.  Groundwater 
flow is generally controlled by glacial stratigraphy and groundwater 
recharge/discharge relationships.  Groundwater recharge typically occurs in the 
upland areas of Seattle.  Groundwater movement is then, in principle, primarily 
downward to the discharge areas, and then eventually to the major surface water 
bodies such as Elliott Bay, Lake Washington, and Puget Sound.   

The complex glacial stratigraphy in the Seattle area has a strong influence on the 
nature of groundwater flow.  The direction of groundwater movement is controlled, 
in part, by the permeability of the deposits.  Groundwater flow in the 
stratigraphically higher, coarse-grained, high-permeability deposits, such as glacial 
outwash, likely flows horizontally and vertically under unconfined water table 
conditions.  Groundwater in these units is often perched on top of low-permeability 
till and lacustrine units.  Much of groundwater flows laterally and may discharge at 
springs or seeps on the hillsides.  However, a portion of this groundwater percolates 
vertically downward through the lower-permeability units or windows/cracks in the 
impervious layers to underlying deposits.  The permeabilities of glacial deposits 
typically differ by orders of magnitude.  Because of this, there is commonly more 
than one unit that perches groundwater in the stratigraphic sequence; therefore, there 
are commonly multiple, areawide piezometric surfaces.   

The direction of groundwater movement is also governed by hydraulic gradients, 
which may decrease or increase with depth in the stratigraphic section.  Downward 
hydraulic gradients are typical in upland areas; upward hydraulic gradients are 
typical in water-bearing units close to the major discharge bodies.  Discussions of 
groundwater are provided in the Water Quality Discipline Report. 

Soil Description Overview for Proposed Alternatives 
Based on the soils encountered in the recent subsurface explorations and review of 
the available subsurface information within the project area, three subsurface 
geologic profiles were developed (Figures 19, 20, and 21).  The information 
contained on these profiles is preliminary.  A description of the geologic terms used 
on these profiles is presented on Figure 18.  The locations and elevations of the 
recent subsurface explorations (borings D-1 through D-3 and H-1 through H-3) were 
not surveyed, and the existing exploration locations and elevations should be 
considered approximate. Borings H-1 through H-3 were drilled for the now-deleted 
Alternative H; therefore, the boring locations are not shown on Figures 19, 20, or 21, 
but the boring logs are included in Appendix A.  Furthermore, while the soils 
encountered in the most recent explorations provided the basis for the subsurface 
interpretation, additional subsurface information was used from existing field 
explorations of variable quality from many different sources over a period of 60 
years and should, therefore, be considered approximate as well. 

The subsurface conditions at the site were characterized in a multi-step process.  
Soils encountered in the explorations were first described using soil classification 
terms and then appropriate geologic unit names were assigned.  The geologic units 
used for this project are based on basic divisions of geologic time and on geologic 
processes.  The grouping of soils in this fashion was used because the geotechnical 
properties of the soils are largely controlled by (1) grain size and sorting, which are 
functions of depositional processes, and by (2) consolidation and structural 
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discontinuities, which are functions of the geologic history.  Understanding the 
geologic history and depositional processes also allows for better interpolation of the 
unit boundaries between borings.  The geologic unit designations applied to the soils 
encountered along the alignments represent an interpretation of the grouping of 
complex sediments and soil types, and are indicated on the current boring logs.  The 
generalized subsurface profiles (Figures 19, 20, and 21) indicate the approximate 
contact between glacially overconsolidated soil and normally consolidated soil. 

The Alternatives A, C, and D are located in the southern portion of the Interbay 
embayment and extend alongside (Alternative A), approximately 570 feet north 
(Alternative D) and about 1,800 feet north (Alternative C) of the existing Magnolia 
Bridge between 15th Avenue West and West Galer Street (on Magnolia Bluff).  In 
addition to older, existing information, the descriptions presented for the soils 
encountered along these alignment alternatives are based on recent explorations 
(borings D-1, D-2, and D-3) performed along Alternative D. 

The subsurface conditions encountered along the alternatives are illustrated on the 
Generalized Subsurface Profiles for Alternatives A, C, and D; Figures 19, 20, and 
21, respectively.  Refer to the site and exploration plans, Figures 10 through 12, for 
the generalized subsurface profile locations. As shown, the soil conditions 
encountered in the vicinity east of 15th Avenue West consist of approximately 10 to 
15 feet of Holocene fill (Hf) underlain by Holocene beach (Hb) and estuarine (He) 
deposits to a depth of approximately 30 feet.  The Holocene fill is characterized by 
heterogeneous soils including silty sand and gravel with debris and shell fragments.  
The fill densities range from loose to medium dense.  In the vicinity of the Galer 
Flyover, approximately 20 to 30 feet of Holocene colluvium (Hc) and landslide 
debris (Hls) are encountered in existing borings. Hard, Vashon glaciolacustrine, 
clayey silt, and silty clay (Qvgl) soils were encountered in the existing borings 
below the Holocene deposits. Pre-Vashon glacial outwash (Qpgo) and a thin, pre-
Vashon mudflow deposit (Qpnm) underlie the glaciolacustrine soils at the east end 
of Alternative D.  Pre-Vashon glacial outwash is comprised of very dense, clean to 
slightly silty sand, and the pre-Vashon nonglacial mudflow deposit is comprised of 
hard, gravelly, sandy, clayey silt with scattered ash seams. 

West of 15th Avenue West, in the vicinity of borings D-1 and D-2, the Holocene 
beach and estuarine soils thicken substantially to a maximum observed thickness of 
103 to 105 feet thick.  Ten to 13 feet of normally consolidated Vashon recessional 
outwash (Qvro) underlie the Holocene deposits in borings D-1 and D-2.  Recessional 
outwash is comprised of very dense to dense, slightly gravelly, silty sand; fine sandy 
silt; and slightly clayey silt with scattered till-like pockets. Hard, pre-Vashon 
glaciolacustrine, silty clay to clayey silt was encountered below the recessional 
outwash sand at an approximate elevation of –100 feet.  Borings D-1 and D-2 were 
both terminated in the glaciolacustrine soils at depths of 151.5 and 146.5 feet, 
respectively. 

North of boring D-2, in the vicinity of the northern limits of Alternative C, the 
thickness of the Holocene beach (Hb) and estuarine (He) deposits is unknown due to 
the lack of explorations in the area.  In general, the thickness of the Holocene soil 
decreases to the north, away from the mouth of the Interbay embayment.   

West of boring D-2, the Holocene beach (Hb) and estuarine (He) deposits thin to a 
thickness of approximately 30 feet, as encountered in boring D-3.  Approximately 
10 feet of fill (Hf) was sampled at the surface in boring D-3.  Hard, Vashon 
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glaciolacustrine, silty clay (Qvgl) underlies the Holocene deposits in boring D-3 at 
an approximate elevation of –24 feet.  West of boring D-3, the thickness of the 
Holocene soils is not known because none of the existing borings penetrated into 
glacially over-consolidated deposits. 

In the general vicinity of Magnolia Way West and West Galer Street (on Magnolia 
Bluff), existing boring information reveals Holocene fill overlying 3 to 13 feet of 
Vashon glacial till (Qvt).  Some of the existing boring information in this area is 150 
to 210 feet away from the proposed alignments and should be considered 
approximate.  Vashon glacial till is comprised of very dense, silty, gravely sand to 
silty, sandy gravel. Underlying the till layer along the west limit of Alternatives A, 
C, and D is Vashon advance outwash (Qva), comprised of very dense, slightly silty 
to silty, fine sand.  Vashon glaciolacustrine silt and clayey silt were encountered at 
the bottom of the existing borings in the vicinity of West Galer Street. 

Groundwater 
Groundwater levels were obtained during drilling of current borings and from the 
previous exploration logs.  Groundwater was generally observed within 10 feet of 
the ground surface.  However, the groundwater levels are likely to be directly related 
to the tidal fluctuation of Smith Cove.  Therefore, to accurately understand the 
groundwater level situation along the proposed alternative alignments, tidal 
variations must be reviewed.  The groundwater levels noted on the logs and in the 
profile represent the level at that particular time, but do not represent the fluctuations 
that are likely to occur throughout a 24-hour period or the lag time between tidal 
fluctuation and groundwater level changes.  More details on groundwater conditions 
are provided in the Water Quality Discipline Report. 

Tectonics and Seismicity 
The study area is located in a moderately active tectonic province that has been 
subjected to numerous earthquakes of low to moderate strength and occasionally to 
strong shocks during the brief 170-year written historical record in the Pacific 
Northwest.  The tectonics and seismicity of the region are the result of ongoing, 
oblique, relative northeastward subduction of the Juan de Fuca Plate beneath the 
North American Plate between northern California and southern British Columbia 
and dextral strike-slip motion on the transform boundary between the North 
American and Pacific Plates farther south.  The relative motion among these plates 
not only results in east-west compressive strain, but also results in dextral shear, 
clockwise rotation, and north-south compression of accreted crustal blocks that form 
the leading edge of the North American Plate (Wells et al., 1998) above the 
subduction zone.  As in most active convergence zones, the Cascadia Subduction 
Zone (CSZ) contains a continental fore-arc consisting of accreted sedimentary and 
volcanic rocks in front of a landward mountainous, active volcanic arc.  Unlike most 
active subduction zones, there is a conspicuous absence of an oceanic trench near 
the juncture of the two plates.  

Within the present understanding of the regional tectonic framework and historical 
seismicity, three broad seismogenic zones have been identified.  These include a 
shallow crustal source zone, a deep subcrustal (intraslab) source zone in the 
subducted Juan de Fuca Plate, and an interplate or subduction zone (Figure 22). 
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Since the 1940s, earthquakes have generally been reported using magnitude scales.  
Earthquake magnitudes may correspond to several different scales including surface 
waves (Ms), body waves (mb), and "Richter" or local magnitude (ML).  The preferred 
measure is the moment magnitude (MW), which is a measure of the total energy 
(seismic moment) released by an earthquake.  Unless otherwise noted in this report, 
use of moment magnitude is implied.  All earthquake magnitude scales use Arabic 
numerals to represent the size of the event. 

The largest historic earthquakes to affect the site include the magnitude (MS) 7.1 
Olympia earthquake of April 13, 1949; the magnitude (mb) 6.5 Seattle-Tacoma 
earthquake of April 29, 1965; and the magnitude (MW) 6.8 Nisqually earthquake of 
February 28, 2001.  All three events were located in the subducted Juan de Fuca slab 
beneath the Puget Sound Lowland at depths of 53, 63, and 52 kilometers, 
respectively.  The 1949 and 2001 events occurred in the subducted Juan de Fuca slab 
at nearly the same location.  The level of ground shaking that occurred during these 
three events are likely the maximum vibratory ground motions that would have 
occurred in project area during the 170 years of historical record.  An event similar 
to these historical intraslab earthquakes but located closer to the site, could cause 
ground motions at the site with approximate characteristics of the 475-year design 
ground motion (i.e., ground motions with a 10 percent probability of exceedance in 
50 years).   

Other large historic earthquakes in the region include the 1872 North Cascades 
earthquake and two other events in western British Columbia, Canada.  The North 
Cascades earthquake of December 15, 1872, appears to have been one of the largest 
crustal earthquakes in the Pacific Northwest, with a maximum reported intensity of 
IX.  Although the epicentral location of this event is uncertain, owing to the sparse 
population of the area at that time, it apparently was a shallow crustal event located 
about 190 to 230 kilometers (epicentral distance) northeast of Seattle, in the general 
vicinity of the southeast end of Lake Chelan (near the eastern edge of the North 
Cascades subprovince).  The estimated magnitude for this event ranges from 6.8 
(Bakun et al., 2002) to 7.4 (Malone and Bor, 1979).  In Canada, major crustal 
earthquakes occurred on Vancouver Island on June 23, 1946, and in the Queen 
Charlotte Islands on August 21, 1949 (Coffman and von Hake, 1973).  These events 
had local magnitudes of 7.3 and 8.1, respectively.  Because of the large distances of 
these earthquakes from the Puget Sound area (over 150 kilometers), there were no 
reports of significant ground shaking or damage in the area. 

Until the 1990s, shallow crustal seismicity generally had not been correlated with 
known or inferred structures within the fore-arc, and with the exception of two small 
minor scarps at the southeast corner of the Olympic Mountains, surface expression 
of Holocene fault ground surface rupture within western Washington had not been 
observed.  Until the late 1980s, it had generally been accepted that shallow crustal 
events within the Lowland would have a maximum magnitude of about 6.  However, 
geologic evidence developed during the 1990s (e.g., Bucknam et al., 1992; Atwater 
and Moore, 1992; Karlin and Abella, 1992; Schuster et al., 1992; Jacoby et al., 1992; 
Johnson et al., 1996; Pratt et al., 1997; Johnson et al., 1999; and Brocher et al., 
2001) and tectonic models (Wells et al., 1998) suggest that the geophysical 
lineaments/crustal block boundary beneath the Puget Sound Basin are potentially 
seismogenic and capable of producing shallow crustal events of magnitudes up to 
about 7.5.   
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Many of the recent studies regarding the potential for large shallow crustal 
earthquakes have focused on the Seattle Fault Zone.  This zone is characterized as a 
60 to 65 kilometers long (east-west) south-dipping reverse or thrust master fault at 
depth that produces a series of strands as it approaches the ground surface.  Evidence 
of recent movement on the Seattle Fault includes raised bedrock terraces south of the 
inferred Seattle Fault, tsunami deposits north of the fault, and landslide deposits into 
Lake Washington, which have correlative dates of about 1,100 years before present 
(Bucknam et al., 1992; Atwater and Moore, 1992; Karlin and Abella, 1992; Schuster 
et al., 1992; and Jacoby et al., 1992).  It has been postulated that these events were 
the result of reverse movement of the Seattle Fault, with the south side moving up 
approximately 7 meters relative to the north.  

Analyses of seismic reflection data (Pratt et al., 1997, and Johnson et al., 1999) 
provide additional evidence of recent movement on the Seattle Fault.  Johnson et al. 
(1999) analyzed high-resolution and conventional industry marine seismic reflection 
data and subsequently characterized the Seattle Fault as a 4 to 6 kilometer-wide 
(north-south) zone consisting of a series of east-west-trending fault strands as shown 
in Figure 23.  Folds in the Quaternary section of the seismic reflection profile 
indicate that movement has occurred on at least some of the strands through the 
Holocene.  Johnson et al. (1999) also identify a north trending strike-slip zone in the 
center of Puget Sound (Puget Sound Fault) that offsets the east-west trending strands 
of the Seattle Fault (Figure 23).  While there is no paleoseismological evidence of 
rupture on this structure, based on the observed offset of the Seattle Fault, Johnson 
et al. (1999) indicate that the Puget Sound Fault is also likely to be active. 

Brocher et al. (2004) postulate that the tip of the Seattle Fault (wedge tip) is buried 
at a depth of about 4 kilometers beneath the Seattle Basin.  The approximate location 
of the buried wedge tip is shown on Figure 23.  This location is north of the surface 
deformation zone and about 1 ½ to 2 km south of the site.  However, because the 
fault tip is buried in this model, the zone of deformation at the ground surface is 
located farther south in the area identified by Johnson et al. (1999) and Blakely et al. 
(2002).   

Fault trenching studies by the U.S. Geological Survey (USGS) on the Toe Jam Hill 
(on Bainbridge Island) and Waterman Point (Kitsap Peninsula near Port Orchard) 
strands of the Seattle Fault Zone also indicate that movement in the zone has 
ruptured the ground surface during the Holocene.  The trenching studies completed 
thus far suggest that at least four events ruptured the ground surface on this strand of 
the fault over the last 16,000 years (Nelson et al., 2003a and 2003b). 

A third seismogenic zone has been identified where the Juan de Fuca is subducted 
beneath the North American plate off the coast of the Pacific Northwest.  The 
Cascadia Subduction Zone (CSZ), as it is called, has not been subject to any large 
earthquakes during historic times (170 years).  However, multiple interplate 
earthquakes have occurred on the CSZ during the Holocene Epoch.  Based on 
historical tsunami records in Japan (Satake et al., 1996), the most recent interplate 
event on the CSZ was a magnitude 9 event on January 26, 1700.  Adams (1990) 
interpreted the occurrence of turbidites from failures of submarine canyon heads 
50 km west of Willapa Bay (Griggs and Kulm, 1970), as the result of rupture on the 
CSZ.  Adams interpreted the ages of the turbidites from the relatively uniform 
thicknesses of interbedded clay layers.  The estimated ages of five distinct events, 
interpreted to be the result of rupture on the CSZ, were 250 to 360 years, 570 to 830  
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years, 1,000 to 1,400 years, 1,730 to 2,640 years, and 2,270 to 3,300 years.  Atwater 
and Hemphill-Haley (1997) also reported ranges of age for seven distinct seismic 
events based on buried soils in Willapa Bay.  The estimated ages of these events 
were 290 to 310 years, 900 to 1,300 years, 1,110 to 1,350 years, 1,500 to 1,700 
years, 2,390 to 2,780 years, 2,800 to 3,320 years, and 3,320 to 3,500 years.   

While magnitudes, rupture lengths, and recurrence rates have not yet been well 
defined for subduction zone earthquakes on the CSZ, work to date suggests that 
earthquake magnitudes may range from 8 to 9.  Based on data obtained from Frankel 
et al. (2002) this seismogenic source does not greatly contribute to the design ground 
motion in the central Puget Sound region.   

Geologic Hazards and Critical Areas 
Earthquake-induced geologic hazards include landsliding, fault rupture, soft-soil 
ground amplification, tsunamis/seiches, and liquefaction and its associated effects 
(reduction of shear strength, loss of bearing capacity, decrease in lateral support, 
ground oscillation, slumping, settlement, and lateral spreading).  The principal 
earthquake-induced geologic hazards along the three Magnolia Bridge Replacement 
alternative alignments include liquefaction and its associated affects, and to a much 
lesser extent, fault rupture.   

In addition, the City of Seattle Critical Areas maps were reviewed.  These map 
folios delineate sensitive areas based on several categories.  The categories related to 
soils and geology include known landslides, potential landslide areas, steep slopes, 
liquefaction, and flood-prone areas. Based on this reference and experience with 
similar soils, the slopes of the hills to the east and west of the project area fall within 
erosion, landslide, and steep slope hazard areas.  The hillside map folio information 
was combined with the field slope reconnaissance data.  Based on this reference and 
the conceptual design analyses, the flat area between the eastern and western slopes 
fall into both the liquefaction and lateral spreading hazards areas. None of the 
alternatives fell within a flood-prone area according to the City map folios.   

The following provides a brief discussion of the earthquake-induced hazards as well 
as critical areas.  Figure 24 presents the approximate liquefaction, lateral spreading, 
landslide, and erosion hazards for the project area. 

Strong Ground Motion 
The earthquake design for the proposed bridge replacement would be in accordance 
with the Load and Resistance Factor Design (LRFD) Bridge Design Specifications 
as outlined by the American Association of State Highway and Transportation 
Officials (AASHTO), including the 2003 interim provisions.  AASHTO criteria 
indicate that bridge design and evaluations should be based on earthquake ground 
motions with a 10 percent chance of exceedance in 50 years (475-year return 
period).  The U.S. Geological Survey (USGS) National Seismic Hazard Mapping 
Project has completed regional probabilistic ground motion studies, and posted 
ground motion maps for the entire country (Frankel et al., 2002).  Based on the 
USGS maps and a recurrence interval of 475 years, the site soft rock peak ground 
acceleration (PGA) is 0.33g.  For the conceptual design phase, the site was classified 
as AASHTO Soil Profile Type III with a corresponding Site Coefficient (S) of 1.5.  
AASHTO describes a Soil Profile Type III as a soil profile with 30 feet or more of 
soft to medium stiff soils with or without intervening layers of sand or other
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Figure 24 - Liquefaction, Lateral Spreading, Landslide and Erosion Hazards Map
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Figure adapted from electronic files 
provided by HNTB, received 10-31-03.

Liquefaction and steep slope hazards 
data prepared by Seattle Public Utilities, 
Geographic Systems, dated 1998.

Landslide hazard and known landslide 
data taken from "Revised Potential Slide 
Areas in the Seattle Landslide Study 
Report" of January 2000 by Shannon & 
Wilson. Inc. (with 2003 update to known 
landslide data).

The City of Seattle's Municipal Code 
does not define erosion hazard zones 
specifically; however, those areas in the 
City of Seattle where severe erosion 
hazard exists are generally covered 
under the potential landslide and slopes 
steeper than 40 percent hazard zones.

The City of Seattle's Municipal Code 
does not define lateral spreading zones 
specifically; however, based on a 
conceptual design analysis of lateral 
spreading along the proposed alternative 
alignments, those areas that have the 
potential for liquefaction also may be 
susceptible to lateral spreading.
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cohesionless soils.  In some areas of the project site, the actual thickness of soft to 
medium stiff soils may be less than 30 feet, particularly at the east and west ends of 
the alternative alignments where the depth to very dense or hard soil decreases.  
However, the site does not correspond to Soil Profile Types I or II. Both of these soil 
types require that the subsurface soils be stable deposits of sand, gravel, or stiff 
clays.  The relatively high susceptibility of the overlying soils to liquefaction 
indicates that these soils are not stable and not consistent with Soil Profile Types I or 
II.   

Earthquake-induced Landsliding 
Slopes that are susceptible to movement under static (non-earthquake) conditions 
also present a hazard under earthquake loading conditions.  The slopes that present a 
landslide hazard under static conditions are outlined later in this section.   

Fault Rupture 
The three alternative alignments are located about 6 kilometers north of the surface 
deformation zone associated with the Seattle Fault Zone.  The surface deformation 
zone is about 4 to 6 kilometers wide (north-south), consisting of a series of east-
west-trending faults.  It is postulated that the surface faults coalesce to a master 
Seattle Fault at depth, which is a south-dipping reverse fault.  The sense of 
movement on secondary or antithetic faults within the fault zone may be opposite 
(that is, north side up, south side down).  Geologic evidence suggests that the most 
recent earthquake to rupture the ground surface in the fault zone occurred about 
1,100 years ago with nearly 22 feet of permanent vertical displacement across the 
northernmost fault in the zone (Blakely and others, 2002; Johnson and others, 1999; 
and ten Brinck and others, 2002).  Future ground rupture within the zone may or 
may not occur along the existing mapped faults.   

While the site is located relatively near the Seattle Fault Zone, the actual risk posed 
by ground rupture is relatively small. The return period for large earthquakes on the 
fault that may rupture the ground surface is on the order of thousands of years, and 
that is much longer than the 475-year return period ground motions being used in the 
design of the Magnolia Bridge replacement. 

Liquefaction 
Soil liquefaction is a phenomenon in which pore pressures in loose, saturated, 
granular soils increase to a level approximately equal to the effective stress during 
ground shaking; this results in a reduction of shear strength of the soil (a quicksand-
like condition).  The effects of liquefaction may include loss of bearing capacity for 
shallow foundations, reduction in lateral and vertical deep foundation capacities, 
ground surface settlement, downdrag forces on deep foundations, lateral spreading, 
and embankment instability or slumping.  The three alternative alignments for the 
Magnolia Bridge Replacement cross recent fill and soft and loose Holocene deposits 
that are susceptible to liquefaction and its associated affects.   

A conceptual design-level liquefaction potential analysis was performed using 
Seed’s simplified method (Youd et al., 2001) and a soil ground motion that 
corresponds to a 475-year return period ground motion. Based on available 
subsurface data, potentially liquefiable and soil strength reduced deposits could 
extend to approximate depths of 95 feet for Alternative A and 100 feet for 
Alternative D.  Due to a lack of subsurface information at the northern portion of 
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Alternative C, the depth of potential liquefaction is unknown; however, it would 
likely be similar to or slightly less than Alternatives A and D.  The depth of 
potentially liquefiable soil decreases at the western and eastern ends of the 
alignments as the depth to dense/hard and/or glacially overridden soil decreases.  
The results of the conceptual design liquefaction potential analyses were compared 
to the City of Seattle Critical Areas liquefaction map.  Potentially liquefiable areas 
within the study area, as mapped by the City of Seattle (Seattle Public Utilities, 
1998), are shown on Figure 24.   

Lateral Spreading 
One of the major liquefaction-induced types of ground failure is lateral spreading.  
Lateral spreading movement of gently sloping ground occurs as a result of pore-
pressure build-up or liquefaction in the underlying soil deposit. A lateral spread 
often contains a liquefied layer overlain by a non-liquefied layer at the ground 
surface that rides along the top of the liquefied soil during ground movement.  The 
non-liquefied crust either is often present because it lies above the groundwater table 
or because the layer is too fine-grained to liquefy.  Large forces could be generated 
as this non-liquefied layer is carried along on the lateral spreading ground and driven 
against fixed foundations.  Lateral spreading would not occur if the free-face were 
stabilized by a suitable structure designed to resist lateral loads induced by the 
liquefiable soils or appropriate ground improvement measures are performed to 
increase the density of the soils.   

Permanent lateral ground displacements along the alignment were estimated using 
the empirical procedure by Youd, Hansen, and Bartlett (2002).  The magnitude and 
distance assumed for the preliminary analysis was consistent with the design ground 
motion.  These analyses were completed for the conceptual design and assumed that 
there was no existing suitable seawall along Piers 90 and 91 to resist the lateral 
spread.  Lateral spreading displacement for the design level earthquake is estimated 
to be on the order of about 10 feet for any portions of the alignments not protected 
by a suitable seawall structure.  Based on the available subsurface data and the 
analytical tool used to approximate lateral spreading, the lateral spreading is 
estimated to be roughly the same for Alternatives A, D, and a majority of C.  To 
date, case histories document lateral spreading occurring to a distance of about 1,200 
feet from the free-face.  Portions of Alternative C are greater than 1,200 feet from 
the free face.  Displacements along these portions would be less.  The lateral spread 
displacements would generally be in a southerly direction (towards Smith Cove).  
The estimated lateral spreading displacement for Alternative C is an extrapolation of 
the case histories used to develop the Youd, Hansen, and Bartlett (2002) equations. 
The City of Seattle does not specifically map areas of potential lateral spreading.  
However, based on the conceptual design analysis, the areas mapped as being 
potentially liquefiable are also areas of potential lateral spreading.  These areas are 
shown on Figure 24. 

Soft-Soil Ground Motion Amplification 
The type of near-surface soils could affect the level of earthquake ground shaking 
felt in an area.  Amplification of the ground motion at various frequencies may occur 
for areas underlain by thick (for example, 30 feet or more) deposits of relatively soft, 
cohesive soils.  The Holocene geologic units encountered along the proposed 
alternative alignments are thick enough to result in ground motion amplification.  
Consequently, some soft-soil ground motion amplification is expected in the project 



 

Geology and Soils Discipline Report Affected Environment Page 65 
Magnolia Bridge Replacement 

area.  The effects of soft-soil ground motion amplification are an intrinsic property 
in the analysis of liquefaction and lateral spreading; therefore, the associated effects 
are described under liquefaction and lateral spreading.   

Tsunamis/Seiches  
Tsunamis and seiches are earthquake-generated waves developed in a body of water.  
A tsunami wave could be generated by permanent ground displacements in a basin 
that contains a water body.  Seiches are standing or oscillating waves developed in a 
closed body of water as a result of earthquake shaking and could be generated by 
distant earthquakes; Smith Cove is not a closed body of water and would therefore 
not experience a seiche.   

Depending on the height of the tsunami wave produced and the elevation of the 
subject site, these water waves could pose a significant hazard.  However, based on 
the Magnolia Bridge design-level earthquake return period (475 years) as compared 
to the recurrence rate for large earthquakes on the Seattle Fault (thousands of years) 
or the Cascadia Subduction Zone, the hazard posed by tsunamis in the study area is 
low. 

Landsliding and Erosion 
The City of Seattle presently regulates public and private development in 
environmentally critical areas by requiring special standards for design and 
construction in potential slide, known slide, and steep slope areas. Potential and 
known slide areas are defined by historical landslides and by a zone encircling many 
of the hills and ridges based on the sand/clay contact as shown in Tubbs’ Landslides 
in Seattle, 1974. Steep slopes are defined as slopes steeper than 40 percent, with a 
rise exceeding 10 vertical feet.  Other restricted slope areas defined by the City of 
Seattle include: 

• All Class 3 zones of Tubbs’ (1974) report, areas steeper than 15 percent 
slope gradient and underlain by the Vashon glaciolacustrine or pre-Vashon 
sediments. 

• Areas with springs or groundwater seepage; however, this criterion is not 
shown on maps. 

As a part of the Seattle Landslide Study (Shannon & Wilson, Inc., 2000), the 
Potential Slide Areas were re-mapped by consulting geologists using additional 
criteria to better define those areas in the City with the potential for impacts from 
slope instability. The refined criteria for the revised Potential Slide Areas include: 

• The presence of historic landslide activity 

• Runout zones at the toes of hillsides 

• Instability not related to the Vashon glaciolacustrine clay or pre-Vashon 
sediments 

• Geologic conditions unknown at the time of Tubbs’ (1974) work 

The revised Potential Slide Areas are shown on the Liquefaction, Lateral Spreading, 
Landslide and Erosion Hazards Map, Figure 24.  Figure 24 also presents steep slope 
areas and known landslide areas.   
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Seattle’s Municipal Code does not define erosion hazards or erosion hazard zones.  
Nor does the Soil Survey of King County (Snyder and others, 1973) include the City 
of Seattle on its maps.  Therefore, in order to approximate the areas that may be 
susceptible to erosion when disturbed by construction, the geologic units in this 
study area were matched with the approximate soil units from the King County Soil 
Survey.  This was accomplished based on the descriptions provided in the Soil 
Survey and local experience and knowledge of the geologic units.  Note 4 on 
Figure 24 addresses erosion hazard zones.   

Soil units are considered to be erosion hazards if they are considered to be “severe” 
or “very severe” in Table 6 (Woodland Groups, Wood Crops and Factors in 
Management) of the Soil Survey. Table 2 below presents the soil units, their 
geologic unit equivalents, and the level of erosion hazard. 

Table 2 
Erosion Hazard Units 

Soil Type Geologic Unit Erosion Hazard 

Alderwood on Slopes 
>15% 

Qvt Severe to very severe 

Everett on slopes >15% Qva Moderate to severe 

Kitsap on slopes >15% Qvgl, Qpgl, Qpnl Severe 

 

For alternative specific locations of these units, refer to the preliminary geologic 
maps, Figures 15, 16, and 17 for Alternatives A, C, and D, respectively.  Fill 
materials (Hf), colluvium, and landslide debris (Hls), by their nature of being widely 
variable, mostly containing large percentages of fine-grained soil particles, and 
being poorly compacted, should be considered severe to very severe erosion hazards 
on slopes exceeding 15 percent. 

Alderwood soil (Qvt) is not a severe erosion hazard in its native, undisturbed 
condition due to its very compact condition, but is susceptible when it is unvegetated 
and/or disturbed.   

In addition to the potential landslide and known landslide features mapped on 
Figure 24, a field slope reconnaissance was performed along the relatively steep 
slope adjacent to the west approach for the Alternatives A, C, and D, near the 
location of the existing Magnolia Bridge west approach.  Mr. William D. Nashem, a 
geologist with Shannon & Wilson, Inc., performed the field reconnaissance in 
March 2003 and July 2004.  Limited soil exposures, evidence of past landslides, 
locations of springs, and vegetational clues to geologic conditions were noted during 
the reconnaissance and are shown on Figures 15, 16, and 17.  The slope descriptions 
were based on field observations and currently available subsurface information 
presented in Appendix A.  The discussions and conclusions below should be 
considered conceptual. 

Alternatives A, C, and D are located in the southern portion of the Interbay 
embayment and generally extend alongside (Alternative A), approximately 570 feet 
north (Alternative D), and about 1,800 feet north (Alternative C) of the existing 
Magnolia Bridge between 15th Avenue West and West Galer Street (on Magnolia 
Bluff).   
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West Approach Reconnaissance 
At the west abutments, the alternatives generally coincide with the existing bridge 
alignment.  A geologic reconnaissance was performed along the relatively steep, 
east-facing slope between the West Galer Street right-of-way (ROW) and the West 
Boston Street ROW for the west approaches to the alternatives (Figures 15 
through 17).  Several signs of slope instability were observed along the 
approximately 150-foot-high slope.  Although limited soil exposures exist along the 
slope, the upper portions of the slope are characterized by silty, gravelly sand to 
silty, sandy gravel (Vashon Till).  Based on previous work and existing explorations, 
the basal contact between the Vashon Till and the underlying glaciolacustrine silt, 
clay and fine sand exists at approximate elevation 150 feet (NAVD88).  The top of 
the slope in this area is at about elevation 170 feet.   

Most of the instability and the seepage observed during the reconnaissance existed 
at, or below the Vashon Till-glaciolacustrine contact.  Below approximate elevation 
90 feet, significant thicknesses of colluvium cover the slope and generally thicken 
toward the slope toe. Springs were observed in several landslide scars located 
midslope.  Based on existing subsurface explorations and previous work, the 
interbedded fine sand, silt and clay underlying the slope in this area may provide 
thin, discrete seepage paths within the glaciolacustrine soils.  A 2-foot-high ecology 
block toe wall exists at the toe of the slope, behind the Northwest Harvest facility.  
While abundant hydrophitic vegetation grows along the slope toe throughout the 
subject area, limited seepage was observed during the site visit.   

Along the northern portions of the east-facing slope (Alternative C), several older 
landslide scars were observed during field reconnaissance.  Several concrete crib 
walls exist along the toe of the slope – some with colluvial/landslide debris 
accumulations over the top of the walls.  In the vicinity of W. Newton Street, a 
6-inch-diameter and a 12-inch-diameter steel pipe were observed in a small eroded 
ravine, which appears to be caused by erosion of the utility trench backfill.   

Along the southern portion of the slope, nearest to the existing Magnolia Bridge, the 
slope is characterized by the substantial slope modifications made in 1997 in 
conjunction with the Magnolia Bridge slide repair project (please refer to the report 
entitled, “Geotechnical Report, Magnolia Bridge Slide Repair, Seattle, Washington,” 
by Shannon & Wilson, dated October 1997).  While the location of the 1997 
landslide headscarp is shown on Figures 15 through 17, no evidence of current 
instability was observed in this area and an existing 250-foot-long, tieback, soldier 
pile and concrete lagging wall retains the slope east of house numbers 1500 through 
1534 on Magnolia Way West. 

East Approach Reconnaissance 

The slope east of the east approaches of Alternatives A, C, and D was not evaluated.  
This area, on the western slope of Queen Anne Hill, has a history of landsliding; 
however, the City of Seattle has completed major repairs in recent years such as the 
West Garfield Street Slide Repair.  Because the alignments of Alternatives A, C, 
and D generally follow the existing east approach, the hillside in this area has 
recently been regraded and stabilized, and the area does not appear to have a 
landslide hazard, a field slope reconnaissance was not completed in that area. 
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 Studies and Coordination 

Studies 
Geologic data were obtained for the three proposed build alternatives by collecting 
and reviewing existing data, performing a geologic slope reconnaissance, and 
drilling six soil borings.  The geologic evaluation of the build alternatives was 
performed based on this data.  Preliminary evaluations were made related to 
foundation axial capacities, liquefaction, lateral spreading, slope stability, and other 
geologic issues.  The evaluations were made based on experience with similar 
projects and similar soil conditions, and preliminary engineering analyses.  
Mitigation measures were developed from work with similar project/soil conditions. 

Data Sources 
Existing Foundations 

As a part of this study, available information was collected regarding existing 
building foundations along the alternatives.  Structures within approximately 200 
feet of the proposed alignments were included in the data collection.  Table 1 
presents the available existing building foundation information.  The building 
identification numbers on the table correspond to the identification numbers on 
Figures 11, 12, and 13 for Alternatives A, C, and D, respectively.  The table also 
includes the site or business name and type of structure, address, parcel number, 
additional pertinent information, and the source of the data.  Data were collected 
from the City of Seattle Department of Planning and Development (DPD) files and 
parcel records, King County website and Port of Seattle archive records, and tax 
assessor records.   

The 1929 construction drawings for the existing bridge, which was originally called 
the West Garfield Street Viaduct, were reviewed.  The 1929 plans show pile 
foundations supporting most of the bridge, but do not clearly indicate the pile type, 
size, or length.  For the purposes of this study, it is assumed, based on the age of the 
bridge and the soil conditions, that the pile foundations are timber piles.  Based on 
pile driving records, the pile lengths range from about 15 to 55 feet, with the 
majority between 30 and 55 feet.  Bridge piers at the western end on the slope are 
founded on footings.  The 1929 construction plans were copied from the City of 
Seattle files; the pile driving records were provided by HNTB.   

Existing Subsurface Data 
Project files and archives from several sources were reviewed to obtain existing 
geotechnical subsurface information along the three proposed build alternatives.  
These efforts were concentrated on sources where large amounts of information 
were already stored and easily accessed.  Data, primarily consisting of borings logs 
but also including probes and hand borings, were collected from the following 
sources: 

• Shannon & Wilson, Inc. 

• City of Seattle 
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• City of Seattle DPD 

• Seattle-area Geologic Mapping project office 

• Port of Seattle 

The stored files from each source listed above were reviewed, and selected 
exploration logs were copied.  At some of these locations, the data reviewed were of 
poor quality and therefore were not used in the geological studies.  Only data that 
contained sufficient information to locate the explorations and to evaluate the 
subsurface geology were selected.  The approximate locations of the existing 
explorations are shown on Figures 11, 12, and 13 for Alternatives A, C, and D, 
respectively.  The locations of the previous explorations were estimated from 
available plans and should be considered approximate.  The approximate elevations 
of the previous explorations were determined in three ways: (1) the elevations were 
estimated based on the current site topography and their approximate location, (2) 
the elevations given on the logs were assumed to be in terms of the 1988 North 
American Vertical Datum (NAVD88) based on their date and their correlation with 
the current topography, and (3) the elevations given on the logs were given in terms 
of other data and were then converted to the NAVD88 datum.  The exploration logs 
and additional information regarding each exploration are included in Appendix A. 

Field Explorations  
An initial field exploration program was performed for the conceptual design phase 
of the project to supplement the existing subsurface information and to obtain more 
specific data in the locations of the proposed bridge structures.  The field exploration 
program included drilling six borings, three each along Alternative Alignments D 
and H (now deleted).  Monitoring wells were not installed.  Existing subsurface 
information was used to evaluate Alternatives A and C; some of the Alternative D 
borings were applicable to both of those alignments.   

In general, the explorations were located in areas where bridge structures are 
proposed and where geologic conditions were not documented.  The locations of the 
recent field explorations are shown on Figures 12 and 13 for Alternatives C and D, 
respectively.  The boring locations were not surveyed, but were measured from 
existing features and plotted on the site topographic map provided by HNTB.  After 
plotting the approximate locations of the borings, the boring elevations, in terms of 
NAVD88, were estimated.  The boring logs are presented in Appendix A.    

Geologic Literature Review 
In addition to the field geologic reconnaissance of the western approach slopes of 
Alternatives A, C, and D, available published geologic literature was reviewed for 
the proposed alternatives.  These data included the following: 

• Geographic Systems electronic map layers for liquefaction and slopes 
greater than 40 percent provided by Seattle Public Utilities (1998) 

• Geographic Systems electronic map layer for potential landslide areas 
included as a part of the Revised Landslide Study Report (Shannon & 
Wilson, Inc., 2000)  

• National Resource Conservation Service Soil Survey for King County 
(Snyder and others, 1973) 
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• Department of Ecology’s Coastal Zone Atlas of Washington for King 
County (1979) 

• United States Geological Survey Shilshole Bay 7.5-minute Quadrangle 
topographic map (USGS, 1949)  

• Preliminary Geologic Map of Seattle and Vicinity (Waldron and others, 
1962) 

• Topographic and Bathymetric Map of Seattle Harbor (1879) 

• Magnolia Park Map (Don Sherwood Parks History Collection, 1907) 

• Topographic Maps of Seattle, South (Engineering Department, 1958) 

• Geotechnical report for the Magnolia Bridge Slide Repair (Shannon & 
Wilson, Inc., 1997) 

• Geologic Map of Seattle NE 7.5-minute Quadrangle (Troost and Booth, in 
preparation) 

• Landslides in Seattle (Tubbs, 1974) 

• Causes, Mechanisms and Prediction of Landsliding in Seattle (Tubbs, 1975) 

Geologic Reconnaissance 
A field geologic reconnaissance of the western approach slopes of Alternatives A, C, 
and D was performed in March 2003 and July 2004.  Geologic features such as soil 
exposures, cut and fill slopes, evidence of past landslides, locations of springs, and 
vegetational clues to geologic conditions were noted by the Shannon & Wilson 
representative walking the slopes.  Field reconnaissance information, pertinent 
geologic features observed, and preliminary geology based on subsurface data and 
the geologic literature review are shown on Figures 15, 16, and 17 for Alternatives 
A, C, and D, respectively. 

Major Assumptions  
This Geology and Soils Discipline Report is based on the assumption that the 
subsurface and surficial soil conditions encountered in recent and previous soil 
explorations, observed during the 2003 geologic slope reconnaissance, and presented 
in the geologic literature listed above, represent the actual conditions at and near the 
proposed alternative alignments.  In the conceptual design-level analysis of potential 
lateral spreading, it was assumed that there was no existing suitable seawall along 
Piers 90 and 91 to resist a lateral spread.  For the No Build Alternative, it is 
assumed, based on available pile driving records and the subsurface conditions, that 
the existing pile foundations were driven approximately 15 to 55 feet below ground 
surface.   
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 Impacts 

Impacts created by soil and geology issues would be related to the effect of new 
structures on the existing features in the study area.  Three types of structures are 
anticipated in the proposed build alternatives: elevated structures, fill embankments, 
and cut walls (limited cuts).  In addition, at-grade roadways would be constructed.  
In general, the impacts of Alternatives A, C, and D are comparable because their 
proposed design and layout are similar and they are located relatively close together 
within the study area.  Alternatives A, C, and D have similar subsurface soil, 
groundwater, and geologic conditions.  Groundwater impacts are discussed in the 
Water Quality Discipline Report.   

The proposed build alternatives would be designed based on the available subsurface 
information, additional field explorations completed for final design, existing site 
conditions, and design and construction procedures and criteria approved for this 
project.  If subsurface conditions at the site are different from those disclosed during 
the previously completed conceptual design field explorations, or site conditions 
change during the design and construction period of the project, future impacts to 
the site could occur.   

Many of the impacts described in the following sections could be addressed by 
following established AASHTO criteria for proper design and/or standard 
construction practice.  The following paragraphs state if the impact that is described 
could be addressed by proper design and/or standard construction practice.   Only 
those impacts that would use nonstandard construction procedures are included in 
the subsequent mitigation section of this report. 

No Build Alternative 
Cuts Into Existing Slopes 

No cuts into existing slopes are proposed under the No Build Alternative; however, 
slope instabilities may occur upslope of the eastern end of the No Build Alternative.  
The uphill slope instabilities may cause damage to the bridge or deposit debris onto 
the roadway.   

Fills 
No fills are proposed under the No Build Alternative. 

Seismic Considerations 
During the design life of the No Build Alternative, design-level earthquakes could 
occur.  If the design ground motion or some threshold ground motion were to occur, 
there would be a potential for liquefaction, lateral spreading, and slope instability.  
Liquefaction alone could cause excessive settlement (due to downdrag around the 
pile perimeters and loss of bearing capacity at the pile tips).  Should significant 
lateral spreading occur, the lateral deflection of the existing bridge foundations 
would likely cause bridge collapse.  In addition, if the Magnolia Bluff and Queen 
Anne Hill slopes experience earthquake-induced instability, the slope movements 
could cause damage to the existing bridge foundations and deposit debris onto the 
existing access ramp. 
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Elevated Structure Foundations 
The existing bridge is supported by deep foundations.  The foundations have not 
been designed to current AASHTO seismic design criteria or to account for potential 
liquefaction and potential lateral spreading under current design earthquake ground 
shaking.  These seismic considerations are described above.  

Relationship Between Topography and Alignment Design 
No cuts or fills are proposed for the No Build Alternative. 

Settlement Potential  
Seismically induced settlements may occur as described above.  Significant 
settlements are not anticipated under existing loading conditions. 

Alternative A 

Cuts Into Existing Slopes 
When material is removed from the toe of a slope, the overall stability of a slope 
generally decreases.  Any unretained cuts into existing slopes may experience 
erosion and surface sloughing over the lifetime of the project.  The degree of erosion 
would depend on near-surface soils, weather conditions, establishment of vegetation, 
surface drainage, and other causes.  In addition, in areas where retaining walls are 
proposed, the slope stability of the existing hillside may be adversely affected if the 
walls are not properly constructed.  Surface slumps or landslides occurring in the 
future may result in the deposit of material onto the surface streets and ramps and 
may damage the proposed bridge structure.  Evidence of previous instabilities has 
been observed along the Magnolia Bluff and Queen Anne Hill slopes.  For 
Alternative A, cuts are anticipated to be less than 3 feet high for roadways.  Design 
and standard construction procedures could address impacts from cuts into existing 
slopes.   

The design approach for the proposed cuts into existing slopes should include 
performing proper design of the walls or slopes, defining the location and extent of 
unstable soils, and using proper construction procedures.  To address slope 
instability in cut areas, retaining wall design could retain the soils in the cut and any 
potential landslide forces.  Based on the soil types present at the site, if roadway 
walls are used, they would likely consist of gravity retaining walls or concrete walls.  
The base of the wall would extend a sufficient depth into undisturbed soils so that 
adequate passive resistance in front of the wall is generated to resist the lateral earth 
pressures behind the wall. 

In areas where slope instability has been observed, the extent of the landslide 
deposits would be determined so the proposed retaining walls could be designed to 
retain the unstable soil.  For debris flow and debris avalanche material that may 
come from above the walls (and whose source may be outside of the proposed action 
area), catchment walls could be constructed.  These catchment walls would extend 
above the top of the retaining walls and serve as temporary retention measures for 
soil and debris (such as shrubs and trees) that may slide down the slopes from 
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landslides occurring above and outside of the proposed action area.  If a slide occurs, 
the soils that are retained by the catchment walls should be removed after the event. 

Fills 
Fill approaches are proposed at the Alternative A intersection on Port of Seattle 
property.  Mechanically-stabilized earth walls (MSE walls) are being considered to 
retain the approach fills.  These walls would be a maximum of about 13 feet tall.  
The upper Holocene deposits of fill, estuarine, and beach materials are of varying 
densities and consistencies.  The looser and softer materials could experience 
significant settlement due to the proposed fill approaches.  Settlements on the order 
of 5 to 10 inches could be anticipated where the proposed fill approach is about 13 
feet high.  One inch of settlement may occur roughly 20 feet from the MSE wall toe, 
and ½ inch of settlement may occur roughly 40 feet away from the wall toe.  For 
shorter fill heights, less settlement would be anticipated.  This settlement would 
occur primarily in the first three to six months after approach fill construction.   

Existing utilities that are located within proposed fill areas would be subjected to 
loading and settlement due to the overlying fill.  Settlement and some lateral loading 
may also extend out from the toe of the new MSE walls, resulting in potential 
settlement or lateral loading of adjacent facilities such as existing roadways, 
railways, buildings, ramps, and utilities.  Excessive lateral or vertical loading and 
movement could then result in damage to those facilities.  

Where fills are near the proposed bridge structure, the settlement could cause 
downdrag and lateral loading on buried, deep foundations.  Downdrag occurs when 
the soil moves downward along the buried perimeter of a deep foundation member 
or other buried foundation, and, through friction along the sides, increases the 
compressive load.  The proposed foundations could be designed to overcome these 
impacts.  This would be a concern for existing facilities with pile foundations.  As a 
part of this study, information regarding existing structure foundations along the 
alternatives was collected.  Structures within approximately 200 feet of the proposed 
alignments were included in the data collection; Table 1 presents the available 
existing building foundation information.  The building identification numbers on 
the table correspond to the identification numbers on Figures 11, 12, and 13. 

The presence of soft soils beneath the proposed fill approaches would also result in 
lateral movement as the subsurface soil compresses under the weight of the new fill.  
Lateral movement near the toe of the proposed fill could be as much as one half of 
the estimated settlement.  Existing adjacent utilities or structures could be subjected 
to lateral loading due to this movement.   

In some areas, the existing, soft, subgrade soils may not have sufficient strength to 
allow for a stable fill approach, especially during the short-term construction period.  
Rotational and bearing capacity failures through the surficial soils and the approach 
fill could occur.  Over time, the stability of the approach fill would improve as the 
soils beneath the embankment consolidate and gain strength.  Proper design and 
standard construction procedures would address this impact.  This impact is 
discussed further in the Construction Impacts section, because stability during 
construction would likely be the most critical case. 

Instability during earthquake loading may also result in fill approach failure.  This 
type of failure would cause potential damage to structures or pavements located on 
or near the approaches. 
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The design for fill approaches must consider the estimated settlements, lateral 
movements and stability issues related to the presence of soft/loose, near-surface 
soils at the site.  Because settlements may be on the order of several inches near the 
highest portions of the proposed fill approaches, the fills would be designed and 
constructed to consider this settlement and related impacts.  Design and construction 
measures that address settlement include the following: 

• Preload the site in areas where site availability and time schedules allow. 

• For retained fills, use walls that could accommodate large settlements such 
as mechanically-stabilized earth (MSE) walls. 

• Sequence construction so that impacted settlement-sensitive structures are 
installed after most of the fill settlement has occurred. 

• Perform ground improvement where existing structures need to be protected 
from settlement. 

• Relocate existing utilities that are beneath or nearby proposed fills if the 
proposed loads and settlements would cause damage to the utilities. 

• Use lightweight fill materials where settlements must be minimized and 
alternative measures are not feasible. 

• Utilize geosynthetics (such as geogrids or geotextiles) below and within the 
fill to help stabilize and reinforce the approaches.   

Design approaches for lateral movement due to fill approach placement are the same 
as those presented above for settlement.  As settlement is reduced, lateral movement 
would be reduced correspondingly. 

Existing piles and proposed deep foundations or other buried structures would be 
evaluated for potential downdrag loads caused by settlement of adjacent new fill 
approaches.  The new deep bridge and ramp foundations would be designed to 
accommodate the additional compressive loads caused by downdrag.  Alternatively, 
construction sequencing could be performed so that the foundations are installed 
after most of the settlement due to the fill approaches has occurred.  Another 
potential approach would consist of using permanent casing around the proposed 
deep foundations in the upper soils to reduce the negative skin friction on the 
foundation. 

For existing bridge and ramp deep foundations, if estimated downdrag loads cannot 
be accommodated, lightweight fill could be used to reduce the settlement and 
corresponding downdrag.  Alternatively, ground improvement could be performed.  
If the downdrag loads cannot be accommodated by these other methods, additional 
foundation elements could be installed to support the increased compression loads. 

Generally, short-term (during construction) stability is the most critical for new fills 
over soft soil.  Staged construction could be considered to improve the stability of 
the embankments during construction.  This is discussed further in the Construction 
Impacts section.  In general, the stability of the fill approach would improve with 
time as the soils beneath the fill embankments consolidate and gain strength.  
Preloading of the site could be considered to obtain this strength prior to 
construction of embankments.  If additional slope stability is necessary (such as 
stability under earthquake loading), ground improvement could be performed to 
improve the soils beneath and adjacent to the embankments.  Alternatively, 
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geotextiles could be used within the fill materials to provide additional strength and 
resistance to failures. 

Seismic Considerations 
Alternative A crosses recent fill and Holocene deposits that are susceptible to 
liquefaction and its associated effects.  The effects of liquefaction may include loss 
of bearing capacity for existing shallow foundations, reduction in lateral and vertical 
capacities of deep foundations, ground surface settlements, lateral spreading, slope 
instability or slumping, and fill approach instability.  During lateral spreading, the 
proposed deep foundations would likely be subjected to large passive forces applied 
by the approximate 5- to 10-foot-thick layer of non-liquefied crust riding on top of 
the liquefied soil.  Case histories have shown that these passive forces could cause 
excessive permanent deformation and rotation of the piles/shafts (or pile/shaft cap) 
by a relatively shallow non-liquefied soil layer (e.g., Berrill and Yasuda, 2002; 
Berrill et al., 2001; Hamada, 1992).  In addition, cut slopes may experience surface 
sloughing or raveling that could deposit material onto the ramps and surface streets.  
Design could address seismic impacts.  The Mitigation Measures section describes 
some of the construction procedures that could be used.   

Pavements 
Poor subgrade preparation for proposed pavements could lead to settlement, 
potholes, cracks, and other roadway distress.  In addition, if the design pavement 
section is inadequate, these types of distress could also occur.  Frost heave may 
occur in some areas as well, depending on the weather over the life of the project.  
Design and standard construction procedures could overcome these impacts.   

Pavement design would include proper subgrade preparation and pavement cross 
sections.  The design should be completed in accordance with City of Seattle 
Standard Specifications for Road, Bridge, and Municipal Construction (2003).  All 
pavement areas should be proof-rolled with a heavy vibratory roller prior to 
placement of the pavement section.  Soft areas would be identified by this process 
and should be removed and replaced with structural fill.  Alternatively, the subgrade 
could be reinforced with geosynthetics prior to placing pavement subbase materials.  
In fill areas, mitigation measures as previously discussed for fill approaches should 
be performed.  The upper part of the fill approaches should be well compacted to 
provide good bearing for the pavement.  The pavement section should also be 
designed to prevent frost heave by providing an appropriate thickness for the climate 
conditions anticipated along the proposed alignment.  The pavement section could 
also be designed to accommodate poor subgrade soils.   

Elevated Structure Foundations 
Because of the depth of loose, soft, and potentially liquefiable soil as well as the 
anticipated bridge loads, the elevated structures would be supported by deep 
foundations bearing in underlying competent soil.  The deep foundation design 
would take into account the current AASHTO seismic design criteria and the 
potential for liquefaction and lateral spreading.  It would also account for downdrag 
and lateral loading due to fill approach settlement.  Therefore, because the design 
would account for site subsurface conditions, no soils- or geology-related direct 
impacts are anticipated for the proposed bridge foundations.   
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Relationship Between Topography and Alignment Design 
The cut and fill discussions above address impacts from cuts and fills.  Cut volumes 
are anticipated to be minimal for Alternative A, while approach and ramp fill 
volumes may be on the order of 40,000 cubic yards.   

Settlement Potential  
The cut, fill, and pavement discussions above address settlement potential as an 
operational impact. 

Alternative C 
Cuts into Existing Slopes 

See the discussion under Alternative A; Alternative C cuts are also anticipated to be 
minimal. 

Fills 
See discussion under Alternative A.  Alternative C fill embankments are anticipated 
to be a maximum of about 20 feet high.  Settlements on the order of 10 to 15 inches 
could be anticipated where the fill height reaches 20 feet.  One inch and ½ inch of 
settlement may occur roughly 40 and 80 feet away from the MSE wall toe, 
respectively.   

Seismic Considerations 
See the discussion under Alternative A. 

Pavements 
See the discussion under Alternative A. 

Elevated Structure Foundations 
See the discussion under Alternative A. 

Relationship between Topography and Alignment Design 
The cut-and-fill discussions above and under Alternative A address impacts from 
cuts and fills.  Cut volumes are anticipated to be minimal for Alternative C, while 
approach and ramp fill volumes may be on the order of 25,000 cubic yards. 

Settlement Potential 
See the discussion under Alternative A. 

Alternative D  
Cuts Into Existing Slopes  

See the discussion under Alternative A; Alternative D cuts are also anticipated to be 
minimal. 
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Fills 
See the discussion under Alternative A.  Alternative D fill embankments are 
anticipated to be a maximum of about 26 feet high.  Settlements on the order of 15 
to 20 inches could be anticipated where the fill height reaches 26 feet.  One inch and 
½ inch of settlement may occur roughly 50 and 90 feet away from the MSE wall toe, 
respectively.   

Seismic Considerations  
See the discussion under Alternative A. 

Pavements  
See the discussion under Alternative A. 

Elevated Structure Foundations 
See the discussion under Alternative A. 

Relationship Between Topography and Alignment Design 
The cut-and-fill discussions above and under Alternative A address impacts from 
cuts and fills.  Cut volumes are anticipated to be minimal for Alternative D, while 
approach and ramp fill volumes may be on the order of 40,000 cubic yards.   

Settlement Potential  
See the discussion under Alternative A. 
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 Mitigation Measures 

All impacts presented previously could be mitigated, as presented in the following 
sections.  Adequate geotechnical exploration and design studies could be used to 
plan and design appropriate mitigation of many of the impacts discussed in the 
previous section.  Soil borings and test pits should be performed at appropriate 
intervals along the proposed alignment in accordance with accepted engineering 
practices to provide adequate subsurface information for design studies.  In addition, 
explorations should be performed in the following areas: 

• Cuts or fills higher than 5 feet 

• Fills over soft soils 

• Each bridge pier location 

• Cuts and fills in areas where slope stability may be an issue 

The soil and geology-related impacts listed previously would be evaluated by an 
experienced geotechnical engineer who would then provide design 
recommendations considering the subsurface conditions encountered in the field 
explorations.  These design recommendations would take into account the proposed 
features included in the project and would provide for adequate mitigation for these 
impacts unless otherwise directed by the City of Seattle.  An evaluation of the 
seismicity of the site should be performed, and the affects of the design seismic 
event on the proposed cuts, fills, and structures should be considered. 

Only those impacts that would use nonstandard construction procedures to mitigate 
are included in this section.  Although nonstandard, these construction procedures 
are not uncommon given current seismic design criteria and earthquake engineering 
technology.  Impacts that could be addressed by design and standard construction 
procedures are described in the Impacts section.  Alternatives A, C, and D have 
similar subsurface soil, groundwater, and geologic conditions; therefore, the 
mitigation measures for these three alternatives are similar.   

No Build Alternative 
Because the No Build Alternative is offered as a base for comparison, no mitigation 
measures would be considered. 

Alternative A 

Cuts Into Existing Slopes 
With proper design and construction procedures, no additional mitigation measures 
would be required.   

Fills 
With proper design and construction procedures, no additional mitigation measures 
would be required. 
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Seismic Considerations 
The project features should be designed considering the seismicity of the site and the 
project seismic design criteria.  The seismic design criteria would be used to 
determine depths of liquefaction at various locations along the proposed alignment. 
Estimates of lateral spreading would also be developed.  Liquefaction (and its 
associated effects such as lateral spreading and foundation damage) could be 
mitigated using ground improvements such as Earthquake DrainsTM, compaction 
grouting, cement deep soil mixing, and vibro-replacement (stone columns).  
Catchment areas or small catchment walls could be constructed at the base of slopes 
or behind retaining walls to minimize sediment deposit from debris flows and debris 
avalanches onto the roadways. 

Groundwater mitigation measures due to ground improvements, etc., are discussed 
in the Water Quality Discipline Report.   

Pavements 
With proper design and construction procedures, no additional mitigation measures 
would be required. 

Elevated Structure Foundations 
No impacts were determined for the elevated structure foundations. 

Relationship Between Topography and Alignment Design 
With proper design and construction procedures, no additional mitigation measures 
would be required. 

Settlement Potential 
With proper design and construction procedures, no additional mitigation measures 
would be required. 

Alternative C 

Cuts Into Existing Slopes 
With proper design and construction procedures, no additional mitigation measures 
would be required. 

Fills 
With proper design and construction procedures, no additional mitigation measures 
would be required. 

Seismic Considerations 
See discussion under Alternative A. 

Pavements 
With proper design and construction procedures, no additional mitigation measures 
would be required. 
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Elevated Structure Foundations 
With proper design and construction procedures, no additional mitigation measures 
would be required. 

Relationship Between Topography and Alignment Design 
With proper design and construction procedures, no additional mitigation measures 
would be required. 

Settlement Potential 
With proper design and construction procedures, no additional mitigation measures 
would be required. 

Alternative D 
Cuts Into Existing Slopes 

With proper design and construction procedures, no additional mitigation measures 
would be required. 

Fills  
With proper design and construction procedures, no additional mitigation measures 
would be required. 

Seismic Considerations 
See discussion under Alternative A. 

Pavements 
With proper design and construction procedures, no additional mitigation measures 
would be required. 

Elevated Structure Foundations 
With proper design and construction procedures, no additional mitigation measures 
would be required. 

Relationship Between Topography and Alignment Design 
With proper design and construction procedures, no additional mitigation measures 
would be required. 

Settlement Potential  
With proper design and construction procedures, no additional mitigation measures 
would be required. 

 





 

Geology and Soils Discipline Report Construction Impacts Page 85 
Magnolia Bridge Replacement 

Construction Impacts 

Construction activity impacts differ from the impacts previously discussed in that 
the duration of the impact takes place during construction or within a short period of 
time after construction.  Construction impacts do not exist in the long term. 

Mitigation for the construction impacts discussed below are based on the site 
information as presented in the Studies and Coordination and Affected Environment 
sections of this report as well as on standard construction procedures in use at the 
time of this report.  All construction impacts presented for Alternatives A, C, and D 
could be addressed by design and standard construction procedures, as presented in 
the following sections.  Alternatives A, C, and D have similar subsurface soil, 
groundwater, and geologic conditions; therefore, the construction impacts and 
mitigation measures for these three alternatives are similar.   

Groundwater impacts due to temporary dewatering, etc., are discussed in the Water 
Quality Discipline Report. 

No Build Alternative 
Impacts 

Because the No Build Alternative is offered as a base for comparison, no 
construction impacts would occur. 

Mitigation Measures 
Because the No Build Alternative is offered as a base for comparison, no mitigation 
measures would be considered. 

Alternative A 
Impacts 

Settlement  
As stated previously, the proposed fill approaches would be constructed over some 
surficial, loose and soft, soil conditions.  If the subgrade has soft soil to a sufficient 
depth, the proposed height of the fill approaches may not be stable on the existing 
ground.  Failures could occur as the fill is placed and the shear strength of the soil 
resisting failure is exceeded.  This could result in rotational failure through the fill 
and/or a bearing capacity failure of the entire fill, depending on the subsurface 
conditions and the fill configuration.  In areas where the soft subgrade soils are 
cohesive, consolidation and strength gain would occur over time as the fill is placed.  
Therefore, slope failures under the proposed fill embankments are primarily a short-
term, construction impact.  Design and standard construction procedures could 
address the settlement impact.   
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Vibrations, Noise, and Excavation Stability Due to Foundation 
Construction and Ground Improvement Installation 
Because of the depth of loose, soft, and potentially liquefiable soil as well as the 
anticipated bridge loads, deep foundations would be required to support the 
proposed bridge.  Deep foundations could consist of driven piles or drilled shafts.  
If foundations deeper than about 100 to 120 feet are required, driven piles would be 
used; drilled shafts become uneconomical at depths greater than about 100 to 120 
feet.  Impacts associated with these foundation types are discussed below. 

Pile driving would result in noise and vibration impacts to the site.  The vibration 
caused by driving piles through the site soils could impact nearby facilities.  These 
impacts could consist of settlement, and pavement or structure cracking.  
Settlements to existing nearby structures founded on shallow footings would likely 
be more significant than settlements to structures founded on deep foundations; 
structure settlements would depend on the type and density of the subsurface soil 
where pile driving is occurring as well as the type and proximity of the existing 
structure’s foundations.  In general, facilities and utilities within about 20 to 30 feet 
of pile driving operations may be significantly impacted.  Vibration impacts 
generally diminish as the distance from pile driving increases.  Information 
regarding existing buildings’ foundations within about 200 feet of the alignment is 
presented in Table 1.  Settlements of nearby utilities may also occur.  Noise from 
pile driving may result in structure and/or glass cracking; however, it would more 
likely be an annoyance to humans nearby.  Noise impacts are discussed in the Noise 
Discipline Report.   

Drilled shafts could be installed with equipment that does not cause significant 
vibrations.  Because of the depth of loose/soft soil and the high groundwater table at 
the site, open hole excavation methods would be difficult.  Caving or sloughing soil 
within the open hole excavation could impact adjacent structures and buried utilities.  
Bottom heave within the drilled shaft excavation could also occur.  Typically, drilled 
shaft installations do not cause excessive noise.   

Appropriate ground improvement methods may include Earthquake DrainsTM, 
compaction grouting, cement deep soil mixing, and vibro-replacement (stone 
columns).  In general, Earthquake DrainsTM, compaction grouting, and cement deep 
soil mixing would not generate much vibration.  These methods may generate some 
noise from equipment operation.  However, stone column installation would result in 
noise and vibration impacts to the site.  The vibration impacts caused by stone 
column installation would be identical to those caused by pile driving.  Existing 
structures, facilities, and utilities within about 30 feet of stone column installation 
may be significantly impacted.   

Standard construction procedures could be used to address foundation construction 
vibration, noise, and excavation stability impacts.   

Potential Soil and Groundwater Contamination 
There is a possibility that construction activities would encounter potentially 
contaminated soil and groundwater.  These issues are discussed in the Hazardous 
Materials Discipline Report.   
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Erosion and Sediment Transport  
Construction of Alternative A features would require some land clearing, grubbing, 
removal of topsoil, and other site preparation work.  Because a significant portion of 
Alternative A is over areas that have been previously developed and paved, 
construction would create relatively few erosion impacts.  The areas beneath 
proposed fills and structures and in cut areas would be cleared and grubbed of all 
vegetation and debris and stripped of all organic topsoil.  The debris resulting from 
clearing and stripping would be removed from the Alternative A area or stockpiled 
for later re-use in landscaped areas.  Topsoil material would not be suitable for reuse 
as structural fill because of the high organic content. 

On slopes greater than 15 percent, the prepared ground surface would have a high 
erosion potential if exposed during the rainy season or in the presence of surface 
water, and on slopes less than 15 percent, there would be a low to medium erosion 
potential.  Any areas that are disturbed during construction would be subject to 
increased erosion if proper control measures are not incorporated into the design.  
The surface water flow across exposed soil, including any ground improvement 
spoils, would remove sediment and deposit it in a downslope area.  The amount of 
erosion and sedimentation would depend on the amount of soil exposed and/or 
disturbed, weather conditions and/or groundwater conditions, and the erosion control 
measures implemented.  The surface soil could erode and flow into stormwater 
drains, into Smith Cove, and/or onto adjacent properties or streets.  Erosion, 
sedimentation, and stormwater impacts are discussed in the Water Quality Discipline 
Report. 

Within construction areas, the tires and tracks of heavy equipment may sink into soft 
surface soil if no work pad is present.  The construction vehicle tires could also carry 
soil onto roadways (haul routes) when leaving construction areas.   

Standard construction procedures could be used to address construction erosion and 
sediment transport impacts.  Standard long-term erosion control measures would 
also be implemented including paving, landscaping, and slope revegetation.   

Haul Routes  
Haul routes are anticipated to be on existing streets.  Sediment transport impacts on 
haul routes were discussed in the previous section. 

Sundry Sites 
The construction staging area for Alternative A is on level ground east of the 
Magnolia Bluff slope toe and the Northwest Harvest building and along the 
proposed alignment.  The presence of wetlands and historical/archeological sites 
within the staging areas are being addressed by the Wildlife/Fisheries/Vegetation 
and Cultural/Historic/Archeological Resources Discipline Reports, respectively.  
The proposed size of the staging area is approximately 126,000 to 129,000 square 
feet.  There are existing houses immediately uphill of the proposed staging area that 
may be impacted by construction noise; noise impacts are addressed in the Noise 
Discipline Report.  Dust impacts are addressed in the Air Quality Discipline Report.  
Costs will be determined by the Contractor.   

Alternative A does not require major excavation.  Where possible, cut soils would be 
re-used as fill; however, cuts are anticipated to be less than 3 feet high for roadways.  
If additional structural fill is required to construct MSE walls, it could be imported 
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from several different borrow sites within the Puget Sound area and stockpiled on 
site.   

Mitigation Measures 
Settlement  
The short-term construction stability of the proposed fill approaches could be 
improved (if necessary) by using staged construction and/or geotextiles.  These 
methods would improve the short-term stability of the embankments as the 
underlying cohesive soil consolidates and gains strength over time.   

Staged construction consists of building the fill approaches in stages, depending on 
the amount of load the subsurface soil could accommodate at its existing strength.  
As the strength increases over time due to consolidation, additional fill could be 
placed on the strengthened subgrade while maintaining a similar factor-of-safety 
against failure.  Monitoring of the settlement and pore pressure buildup and 
dissipation would be performed using instrumentation to determine the appropriate 
staging.  

Geotextiles could be used to reinforce potential failure zones within the fill.  For 
example, several layers of geotextile could be placed at the base of the proposed fill 
approaches.  A higher staged fill approach could be constructed on the reinforced 
base than a fill approach without geotextiles.  Although staged construction may still 
be necessary to construct the entire fill approach, using geotextile reinforcements 
could reduce the number of stages required or could allow for single-stage 
construction. 

Lightweight fill material could be used to construct the approaches in areas where 
staged construction is not feasible.  Because of the lighter weight of the fill material, 
the subgrade soil could support a higher fill approach than if standard fill were used.  
Lightweight fills that could be considered include expanded polystyrol (EPS), 
foamed cement, and other lightweight materials that would be stable over the life of 
the proposed action. 

Vibrations, Noise, and Excavation Stability Due to Foundation 
Construction and Ground Improvement Installation 
Driven piles may be used to support elevated structures, especially where existing 
soil/groundwater contamination is present and/or where the depth to competent soil 
is deeper than about 100 to 120 feet (too deep for drilled shaft installation).  To 
mitigate noise and vibration during driven pile installation, low vibration/noise pile 
driving equipment could be selected.  Alternatively, the piles could be driven open-
ended or could be driven into a near-surface predrilled hole, which would result in 
lower vibrations.  Preconstruction surveys of existing structures and vibration 
monitoring during pile driving may be required to monitor and mitigate potential 
damage to adjacent sensitive structures.  Mitigation for noise due to pile driving is 
discussed further in the Noise Discipline Report. 

Drilled shafts also may be used to support elevated structures.  To mitigate 
vibrations, low vibration equipment (such as an oscillator system) could be selected.  
To mitigate potential caving of the soil in the excavated holes, casing would be used 
in the upper soft/loose soil.  Water or slurry inside the casing could mitigate 
potential bottom heave that could be caused by the high groundwater table.  



 

Geology and Soils Discipline Report Construction Impacts Page 89 
Magnolia Bridge Replacement 

Immediately following drilled shaft installation, the casing would be removed.  
Alternatively, the casing could be left in place; however, the frictional capacity of 
the drilled shaft would have to be re-evaluated. 

Stone columns are one of the most cost-effective ground improvement techniques 
and methods.  This method can be used in any open areas greater than 30 to 50 feet 
away from existing structures, facilities and utilities.  In order to mitigate the 
impacts of vibration, compaction grouting or cement deep soil mixing may be used 
for ground improvement to mitigate liquefaction and lateral spreading.  These two 
ground improvement methods would not generate significant vibrations.   

Erosion and Sediment Transport 
Construction best management practices (BMPs), such as construction staging 
barrier berms, filter fabric fences, temporary sediment detention basins, and use of 
slope coverings to contain sediment on site, would be effective in protecting water 
resources and reducing erosion from areas with cuts, fills, excavations, and any 
ground improvement installation disturbance.  Erosion control measures suitable to 
the site conditions would be included as part of the proposed action design.  
Temporary erosion and sediment control plans would be prepared for approval in 
accordance with BMPs included in the current City of Seattle specifications (City of 
Seattle Standard Specifications, 2003).  Erosion control measures would include 
vegetative and structural controls.  Other controls that could be implemented include 
restricting slope work activities to the dry season and limiting access to the site.  

Vegetative methods would include covering cleared or graded areas and excavation 
or fill approach slopes with jute or other netting as well as mulching or 
hydroseeding, as appropriate to minimize erosion and encourage revegetation.  
Vegetation buffers would be maintained between construction areas and Smith Cove 
to filter out sediments. 

Structural controls consist of artificial means of preventing sediment from leaving 
the construction area.  Parking and staging areas for vehicles and equipment could 
be covered with a gravel work pad where appropriate to prevent the disturbance and 
erosion of the underlying soil.  Silt fences would be placed around disturbed areas to 
filter sediment from unconcentrated surface water runoff.  Straw bales would be 
placed in paths of concentrated runoff to filter sediment.  Temporary ditches, berms, 
and sedimentation ponds would be constructed to collect drainage.  Cleaning tires 
and tracks on heavy equipment before they leave the site would also assist in 
retaining sediment on site.  In addition, truck loads should be covered to mitigate 
sediment deposit onto roadways. 

Proposed mitigation measures would comply with stormwater design and treatment 
procedures based on the current City of Seattle requirements.  The erosion and 
sediment control measures would be in place before any clearing, grading, or 
construction.  The Water Quality Discipline Report discusses stormwater mitigation. 

Haul Routes 
Haul routes are anticipated to be on existing streets.  Sediment transport control is 
discussed above. 
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Sundry Sites 
Mitigation of wetlands, historical/archeological sites, noise and dust within and due 
to the staging areas are being addressed in other discipline reports.  These other 
discipline reports include Wildlife/Fisheries/Vegetation, Cultural/Historic/ 
Archeological Resources, Noise, and Air Quality. 

Alternative C 
Impacts 

Settlement  
See discussion under Alternative A. 

Vibrations, Noise, and Excavation Stability Due to Foundation 
Construction and Ground Improvement Installation 
See discussion under Alternative A. 

Potential Soil and Groundwater Contamination 
See discussion under Alternative A. 

Erosion and Sediment Transport 
See discussion under Alternative A. 

Haul Routes 
See discussion under Alternative A. 

Sundry Sites 
See discussion under Alternative A.  The proposed location of the staging area is on 
level ground east of the Magnolia Bluff slope toe and along the proposed alignment.  
The proposed size of the staging area is about 116,000 square feet. 

Mitigation Measures 
Settlement  
See discussion under Alternative A. 

Vibrations, Noise, and Excavation Stability Due to Foundation 
Construction and Ground Improvement Installation 
See discussion under Alternative A. 

Erosion and Sediment Transport  
See discussion under Alternative A. 

Haul Routes  
See discussion under Alternative A. 
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Sundry Sites  
See discussion under Alternative A. 

Alternative D 
Impacts 

Settlement  
See discussion under Alternative A. 

Vibrations, Noise, and Excavation Stability Due to Foundation 
Construction and Ground Improvement Installation 
See discussion under Alternative A. 

Potential Soil and Groundwater Contamination 
See discussion under Alternative A. 

Erosion and Sediment Transport 
See discussion under Alternative A. 

Haul Routes 
See discussion under Alternative A. 

Sundry Sites 
See the discussion under Alternative A.  The proposed location of the staging area is 
in the vicinity of the existing Northwest Harvest building just east of the Magnolia 
Bluff slope toe on developed Port of Seattle property.  The proposed size of the 
staging area is approximately 108,000 square feet.   

Mitigation Measures 
Settlement  
See the discussion under Alternative A. 

Vibrations, Noise, and Excavation Stability Due to Foundation 
Construction and Ground Improvement Installation 
See the discussion under Alternative A. 

Erosion and Sediment Transport  
See the discussion under Alternative A. 

Haul Routes  
See discussion under Alternative A. 

Sundry Sites  
See discussion under Alternative A. 





 

Geology and Soils Discipline Report Summary of Findings Page 93 
Magnolia Bridge Replacement 

Summary of Findings 

This geology and soils discipline report describes the geologic conditions present 
along the three proposed build alignments (designated Alternatives A, C, and D) and 
the existing alignment (the No Build Alternative), and discusses the geotechnical-
related operational and construction impacts and recommended mitigations for the 
Magnolia Bridge Replacement Project.  Subsurface data used to assess these issues 
are presented in Appendix A.   

Affected Environment 
Geologic Setting 

The proposed alternatives extend across a north-trending topographic trough called 
Interbay.  The trough is bounded on both sides by glacial uplands:  Magnolia Bluff 
on the west and Queen Anne Hill on the east.  While the uplands are comprised of 
very dense and hard glacial soils laid down during the advance and retreat of several 
glaciations, the intervening topographic swale/trough of Interbay is comprised of 
much weaker glacial, beach, and estuary deposits laid down since the last retreat of 
glacial ice approximately 13,000 years ago.  Since the late nineteenth century, the 
Interbay area (specifically Smith Cove) has been filled by humans with various 
materials.  These weak soils in Interbay are underlain by more competent, glacial 
soils at depth.  The depth to these more competent soils varies considerably along 
and in the vicinity of the existing bridge and three proposed alternatives.  

Groundwater 
Groundwater levels within the project corridor are generally within 10 feet of the 
ground surface; however, the groundwater is likely directly related to the tidal 
fluctuation of Smith Cove.  Additional details are provided in the Water Quality 
Discipline Report. 

Geologic Hazards 
The project area is located in a moderately active tectonic province that has been 
subjected to numerous earthquakes of low to moderate magnitude and occasionally 
to strong shocks during the brief 170-year written, historical record in the Pacific 
Northwest.  Earthquake-induced geologic hazards that may affect any given 
alternative include strong ground motion, liquefaction (and its related effects 
including lateral spreading), and landsliding.  Other non-earthquake-related hazards, 
such as landsliding and erosion, could also occur. 

Impacts and Mitigation Measures 
Soil- and geology-related operational and construction impacts and recommended 
mitigation measures were developed based on the project area geology, known 
subsurface conditions, and the No Build and build alternative alignments.  
Alternatives A, C, and D have similar subsurface soil, groundwater, and geologic 
conditions; therefore, the impacts and mitigation measure costs for these three 
alternatives would be similar.  A summary matrix of these impacts and mitigation 
measures is presented on Table 3.  Nearly all of the impacts could be addressed by 
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proper design and standard construction procedures and therefore no additional 
mitigation measures would be required.  Liquefaction and, in particular, lateral 
spreading would require nonstandard construction procedures; however, these 
procedures, although nonstandard, are not uncommon given current seismic design 
criteria and earthquake engineering technology.   

Should a design-level ground motion or other threshold ground motion occur that 
resulted in liquefaction, the No Build Alternative foundations would likely 
experience excessive settlement.  The proposed foundation design and construction 
would address the effects of potential liquefaction for the build alternatives. 

Should significant lateral spreading occur, the lateral deflection of the existing 
bridge foundations (No Build Alternative) would likely cause bridge collapse.  The 
northern portion of Alternative C may experience less lateral spreading than 
Alternatives A and D because of the distance to the free-face slope at the edge of 
Smith Cove.  Proper design and construction would address the effects of lateral 
spreading for the build alternatives. 

The western slope (near the end of the bridge structure) of the No Build and build 
alternatives already have a stabilizing retaining wall.  Landslides could occur uphill 
of Alternative C as it extends along the Magnolia Bluff slope toe; these potential 
landslides may impact Alternative C.  Landslides could also occur uphill of the 
eastern end of the No Build Alternative and Alternatives A, C, and D; these potential 
landslides may impact these alternatives.  Proper design and construction would 
address the effects of slope stability on the build alternatives.   
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Table 3 
Summary Matrix – Geology and Soils 

Alternative Impacts Mitigation Measures 
No Build Operation:  

 Current design-level earthquakes could occur 
during the life of the existing structure, causing 
liquefaction, lateral spreading and slope instability.  
The effects of liquefaction may include loss of 
bearing capacity for existing shallow foundations, 
reduction in lateral and vertical capacities of 
existing bridge foundations, ground surface 
settlement, lateral spreading, lateral deflection of 
existing bridge foundations and utilities, and slope 
instability or slumping.  Liquefaction alone could 
cause excessive settlement.  Should significant 
lateral spreading occur, the lateral deflection of the 
existing bridge foundations would likely cause 
bridge collapse.  Slope instability could cause 
damage to existing bridge foundations and deposit 
debris onto existing roadways and ramps.   

No seismic mitigation would be performed for the 
No Build Alternative.   

 Future landsliding could occur near the east and 
west ends of the existing bridge, which may 
impact the bridge’s operation.  The landsliding 
would most likely not occur where engineered 
retaining walls and slopes have already been 
installed unless unforeseen conditions arise.   

No landsliding mitigation would be performed for 
the No Build Alternative.   

A, C, and D Operation:  
 Cuts into existing slopes could result in slope 

instability.  Retaining walls would be used to 
support the cuts and the soil slopes behind the 
cuts.  The walls would be designed by 
experienced structural and geotechnical engineers 
whose design would be based on subsurface 
information and standard design procedures. 

Appropriate design and construction procedures 
would address impacts. 

 Cut walls used to retain slopes could lack soil 
resistance in areas where existing landslide 
deposits are present.  Subsurface explorations 
would be performed to evaluate the vertical and 
lateral extent of the existing landslide deposits.  
The walls would be designed so that the base of 
the walls extends into undisturbed deposits. 

Appropriate design and construction procedures 
would address impacts. 

 Settlement of fill approaches could impact 
underlying and adjacent structures or utilities as 
well as walls or structures constructed on the fill.  
Settlement impacts could be mitigated by several 
methods, including preloading, use of 
mechanically-stabilized earth (MSE) walls, 
construction sequencing, ground improvement, or 
use of lightweight fill.  Affected utilities may be 
relocated, or the use of lightweight fill could be 
considered. 

Appropriate design and construction procedures 
would address impacts. 

 Downdrag caused by ground settlement could 
result in additional loads and potential damage to 
existing buried foundations and new deep 
foundations.  New deep foundations could be 
designed to accommodate the downdrag loads, or 
construction sequencing could be used so that the 
foundations are installed after most of the 

Appropriate design and construction procedures 
would address impacts. 
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Alternative Impacts Mitigation Measures 
settlement has occurred.  Existing foundations 
should be evaluated for the settlement-induced 
downdrag loads.  Mitigation measures such as 
use of lightweight fill, ground improvement, and/or 
additional foundation members may be 
considered. 
 

 Fill placement over soft soil could cause slope 
instability.  Fill approach stability would be 
primarily of concern during the short-term 
(construction) period.  Over the long-term (static 
loading conditions), the soft soil beneath the fill 
approaches would consolidate and gain strength, 
thereby improving the stability.  Preloading, staged 
construction, ground improvement, or use of 
geotextile reinforcements or lightweight fills could 
improve stability in the short term. 

Appropriate design and construction procedures 
would address impacts. 

 Future landsliding could occur above cut or fill 
walls.  Catchment walls could be constructed 
above the retaining walls to temporarily retain 
future debris flow and debris avalanche material 
and reduce sediment deposit onto roadways and 
ramps. 

Appropriate design and construction procedures 
would address impacts. 

 A design-level earthquake could occur during the 
life of the proposed structure causing liquefaction, 
lateral spreading, and slope instability.  The 
effects of liquefaction may include loss of bearing 
capacity for existing shallow foundations, 
reduction in lateral and vertical capacities of new 
deep foundations, ground surface settlement, 
lateral spreading, slope instability or slumping, and 
fill approach instability.  In addition, slopes may 
experience surface sloughing or raveling that 
could deposit material onto the ramps and surface 
streets.  

Additional borings and engineering studies could 
be conducted to evaluate the bridge foundations 
relative to the site’s seismicity and seismic 
design criteria.  Estimates of liquefaction and 
lateral spreading potential would then be 
developed.  Liquefaction and lateral spreading 
could be mitigated using ground improvement 
measures such as Earthquake DrainsTM, 
compaction grouting, cement deep soil mixing, 
and vibro-replacement (stone columns).  
Catchment areas or small catchment walls could 
be constructed at the base of slopes or behind 
walls to minimize sediment deposit onto 
roadways and ramps from debris flow/debris 
avalanches and to reduce potential damage to 
bridge foundations. 

 Poor subgrade preparation and/or design for 
proposed pavements could lead to settlement, 
potholes, cracks, and other roadway distress.  
Proof-rolling of the subgrade, removal of soft 
subgrade materials, proper fill compaction, and a 
pavement design that accounts for frost heave 
and poor subgrade soils could mitigate pavement 
issues. 

Appropriate design and construction procedures 
would address impacts. 

 Erosion could cause increased sediment transport 
onto other areas of the project, into stormwater 
drains, and into Smith Cove.  Standard erosion 
control measures would be implemented including 
paving, landscaping, and slope revegetation.   

Appropriate design and construction procedures 
would address impacts. 

A, C, and D Construction:  
 Fill placement over soft soil could cause slope 

instability.  Short-term (construction) stability could 
be improved by using staged construction and/or 
geotextiles.  Monitoring of the settlement and pore 
pressure dissipation beneath the fill could be 

Standard construction procedures would address 
impacts. 
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Alternative Impacts Mitigation Measures 
performed to optimize the staging and 
construction.  Lightweight fill could be used in 
areas where staged construction is not feasible.   

 Driven pile foundation installation and stone 
column installation could cause noise and 
vibrations that would impact adjacent facilities.  
Casing installation for drilled shaft foundations 
could cause vibrations that would impact adjacent 
facilities.  Appropriate pile driving equipment could 
be selected to reduce noise and vibration levels to 
the specified limits.  The Noise Discipline Report 
addresses construction noise impacts and 
mitigations.  Driving open-ended piles or 
predrilling a near-surface hole prior to pile driving 
could also reduce vibration levels.  Appropriate 
drilled shaft equipment (such as an oscillator) 
could be selected to reduce vibration levels.  As 
an alternative to stone columns, compaction 
grouting or cement deep soil mixing may be used 
for ground improvement. 

Standard construction procedures would address 
impacts. 

 Drilled shaft excavation could experience bottom 
heave or caving.  Temporary casing could be used 
in the upper soft/loose soil to mitigate caving.  
Maintaining a proper level of water or slurry inside 
the casing could be used to mitigate potential 
bottom heave. 

Standard construction procedures would address 
impacts. 

 Erosion from areas with cuts, fills, excavations, 
and any ground improvement installation 
disturbance could cause increased sediment 
transport onto other areas of the project, into 
stormwater drains, and into Smith Cove.  
Construction would be performed according to the 
City of Seattle Best Management Practices 
(BMPs).  Standard erosion control measures 
would be implemented including both vegetative 
controls and structural controls.  In sensitive 
areas, construction could be limited to the dry 
weather season.  Stormwater treatment would be 
performed in accordance with the City of Seattle 
requirements. 

Standard construction procedures would address 
impacts. 
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 Appendix A 

Introduction  
The current subsurface exploration program consisted of drilling six borings 
designated D-1 through D-3 and H-1 through H-3.  The approximate locations of the 
Alternative D explorations are shown on the Site and Exploration Plans, presented as 
Figures 12 and 13 in the main text of this discipline report.  Borings H-1 through 
H-3 are not shown on the site and exploration plans; they were drilled for the now 
deleted Alternative H.  The exploration locations were approximated from existing 
site features and ground surface elevations in terms of the 1988 North American 
Vertical Datum (NAVD88) and were estimated using project topography.  In 
addition, several previous explorations from other studies were used.  These 
explorations are also shown on Figures 11, 12, and 13 in the main text of the report; 
their locations were approximated using log descriptions and report exploration 
plans.  The elevations given on several of the previous logs may not be accurate.  
We determined the approximate elevations of the previous explorations in three 
ways: (1) the elevations were estimated based on the current site topography and 
their approximate location, (2) the elevations given on the logs were assumed to be 
in terms of NAVD88 based on their date and their correlation with the current 
topography, and (3) the elevations given on the logs were given in terms of other 
data and were then converted to the NAVD88 datum. 

Current Soil Borings 
Soil Classification  

An engineering technician from Shannon & Wilson, Inc. was present throughout the 
drilling and sampling operations for the current borings.  Our representative 
retrieved representative soil samples and prepared a descriptive field log of the 
explorations.  Classification of the boring samples was based on American Society 
for Testing and Materials (ASTM) Designation:  D 2487-98, Standard Test Method 
for Classification of Soil for Engineering Purposes, and ASTM Designation: 
D 2488-93, Standard Recommended Practice for Description of Soils (Visual-
Manual Procedure).  The Unified Soil Classification System (USCS), as described 
on Figure A-1 of this appendix, was used to classify the soils encountered in the soil 
borings.  For quality assurance purposes, an engineering geologist also went through 
the samples and classified the soil in our laboratory.  The boring logs in this report 
(Figures A-3 through A-8) represent our interpretation of the contents of the field 
logs.  Figure A-2 presents our Geologic Unit Explanation; geologic units are noted 
on the current boring logs. 

Drilling Procedures  
The subsurface conditions along the proposed Alternative D and Alternative H (now 
deleted) alignments were explored with three soil borings each. The borings were 
drilled to depths of 45.9 to 151.5 feet and were accomplished between April 25 and 
May 7, 2003.  
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Geo-Tech Explorations of Kent, Washington, drilled the soil borings under 
subcontract to Shannon & Wilson, Inc.  They employed a truck-mounted, drill rig; 
the borings were drilled using a combination of hollow-stem auger and open-hole 
mud-rotary methods.  Hollow-stem auger drilling was performed to a depth of 20 
feet below ground surface (bgs) or 5 feet below the groundwater, whichever came 
first.  Soil samples were collected every 2.5 feet to 20 feet or to groundwater in each 
boring, for field screening, geologic classification, and environmental sampling 
purposes.  Field screening was performed using a photoionization detector (PID), 
which provides a qualitative measurement of the volatile organics in soil.  PID 
measurements associated with Alignment H were non-detect in all three borings, 
while PID measurements ranged from non-detect to 355 parts per million (ppm) in 
the borings along Alignment D.  The PID measurements are recorded on the boring 
logs.   

Once drilling had advanced to 20 feet bgs or 5 feet below groundwater, the borings 
were advanced to depth using mud rotary drilling techniques.  Soil samples were 
collected every 5 feet for geologic classification and geotechnical testing purposes.  
During the mud rotary drilling, the auger flights were left in the borehole as a 
temporary casing.   

The hollow-stem auger borehole depth segments were drilled using a 65/8-inch 
inside-diameter (I.D.), 9-inch outside-diameter (O.D.) continuous flight auger.  
Samples were taken from the bottom of the hollow stem.  The mud-rotary portions 
were advanced by circulating thick drilling mud from the rig down through rods to a 
47/8-inch-diameter tri-cone bit at the bottom of the borehole.  The drilling mud is a 
mixture of bentonite powder and water.  Cuttings are transported from the bottom of 
the borehole to the surface by drilling mud flowing between the drilling rods and the 
sides of the borehole.  The cuttings are deposited in a settling tank at the ground 
surface and the mud is recirculated.   

Prior to moving to a new borehole location and between each environmental sample, 
personnel decontaminated drilling and non-disposable sampling equipment using a 
solution of Alconox and water, with a final tap water rinse.  Decontamination fluids 
were drummed separately from soil cuttings and drilling mud, and were labeled and 
temporarily stored below the existing Magnolia Bridge at a location determined by 
Port of Seattle personnel.  New decontamination water was used for each boring.  
Two drums of decontamination water were generated during this field investigation.  
No samples of the decontamination water were collected for laboratory analysis.  
Disposal was determined based upon the laboratory results for the environmental 
soil samples.  Environmental analytical results are presented in the Hazardous 
Materials Discipline Report.   

After completion of drilling and sampling, all boreholes were sealed with bentonite 
chips.  No observation wells were installed.  All cuttings and drilling mud were 
transferred into drums, labeled, and stored below the existing Magnolia Bridge while 
environmental testing was completed.  Nine drums of soil cuttings, 20 drums of 
drilling mud, and 8 drums of mud cuttings were generated during this field 
investigation.   

Upon receipt of the soil sample results, on June 20, 2003, Emerald Services, our 
disposal subcontractor, picked up the drums and disposed of them.  
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Geotechnical Soil Sampling  
During drilling, three types of soil samplers were used: thin-walled tubes, standard 
2-inch O.D. split-spoons, and non-standard 3.25-inch O.D. split spoons. Symbols 
used on the boring logs indicate which sampler was used at each depth interval.  The 
sampler types are discussed in the following sections. 

Thin-Walled Tube Samples  
Relatively undisturbed samples of cohesive soils were obtained using thin-walled 
(Shelby) tubes in general accordance with ASTM Designation:  D 1587, Standard 
Practice for Thin-Walled Tube Geotechnical Sampling of Soils.  This sampling 
method employs a 3-inch O.D. thin-walled, steel tube connected to a sampling head 
that is attached to the drill rods.  The tube is slowly pushed by the hydraulic rams of 
the drill rig into the soil below the bottom of the drilled hole and then retracted to 
obtain a sample.  The samples were classified in the field and recorded on the logs 
by our field representative.  The samples were carefully sealed and transported to 
our laboratory for testing. 

Standard Penetration Test Samples  
Relatively disturbed soil samples were obtained from borings using Standard 
Penetration Tests (SPTs) in general accordance with the ASTM Designation:  D 
1586, Test Method for Penetration Test and Split-Barrel Sampling of Soils (ASTM, 
2001).  In the SPT, a 2-inch O.D., 1.375-inch I.D., split-spoon sampler is driven with 
a 140-pound hammer falling 30 inches.  The number of blows required to achieve 
each of three 6-inch increments of sampler penetration is recorded.  The number of 
blows required to cause the last 12 inches of penetration is termed the Standard 
Penetration Resistance (N-value), or blow count, N.  When penetration resistances 
exceed 50 blows for 6 inches or less of penetration, the test is terminated and the 
number of blows and inches driven are recorded.  The samples were sealed in jars 
and returned to our laboratory for testing. 

The SPTs were recorded by our field representative and are plotted on the boring 
logs.  The N-values are designated with an upright triangle.  These values are 
empirical parameters that provide a means of evaluating the relative density or 
compactness of cohesionless (granular) soils and the relative consistency (stiffness) 
of cohesive soils.  The terminology used to describe the relative density or 
consistency of the soil is presented on Figure A-1. 

Non-standard Split Spoon Samples  
Where a larger amount of recovered sample was desired in order to obtain a 
geotechnical and possibly an environmental sample, a 3.25-inch O.D. split-spoon 
sampler was used.  This sampler was driven with a 140-pound hammer free falling 
30 inches.  The energy ratio for this type of sampling is not equivalent to an SPT; 
therefore, we have converted the field blow counts to approximate N-values using 
the method described by Fang (1991).  These converted blow counts are designated 
on the logs by an upside-down triangle. 

Groundwater Observations  
Groundwater was noted during drilling and is shown on the boring logs.  These 
measurements may not be representative of the highest groundwater level at the 
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boring locations; please refer to the tidal fluctuation discussion in the main 
discipline report text. 

Environmental Soil Sampling  
During drilling, representative soil samples were obtained for geotechnical 
classification at 2.5-foot intervals to a depth of 20 feet or 5 feet below groundwater 
and at 5-foot intervals thereafter.  Select samples were also obtained for 
environmental testing by OnSite Environmental Laboratory of Redmond, 
Washington.  

Environmental Soil and Water Sample Results  
The environmental analytical results are presented in the Hazardous Materials 
Discipline Report. 

Boring Logs  
The current boring logs along the proposed alignments are presented in this 
appendix.  A boring log is a written record of the subsurface conditions encountered.  
It graphically illustrates the geologic units (layers) encountered in the boring and the 
USCS symbol of each geologic layer.  It also includes the natural water content and 
blow count.  Other information shown on the boring logs includes the groundwater 
level observations made during drilling, approximated ground surface elevation, 
types and depths of sampling, and Atterberg Limits (where tested). 

Previous Field Explorations  
Numerous previous field explorations by Shannon & Wilson as well as many other 
firms, the City of Seattle, and the Port of Seattle are also included on the site and 
exploration plans in the main text of the report.  The previous exploration logs are 
presented as Figures A-9 to A-71.  Several of the explorations had groundwater level 
readings during drilling and some had readings from observation wells.  These 
readings are included on the generalized subsurface profiles in the main text of the 
report.  Table A-1 lists the sources for each of the previous field exploration logs 
included in this data report. 

References  
American Society for Testing and Materials (ASTM). 2003.  2003 Annual book of standards, 

Construction, v. 04.08, Soil and rock (I): D 420 – D 5779.  West Conshohocken, Pa. 

Fang, Hsai-Yang.  1991.  Foundation engineering handbook, Second edition.  New York, Van Nostrand 
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Table A-1 
Sources of Previous Explorations 

Shannon & Wilson 
Geology and Soils 
Discipline Report 
Figure Number 

Shannon & Wilson 
Geology and Soils 
Discipline Report 

Exploration 
Designation 

Original 
Exploration 
Designation 

Type of 
Exploration 

Exploration 
Company 

Date Exploration 
Completed 

Source of 
Exploration Log

A-9  2-2 B-2 boring S&W 11/10/1993 S&W 

A-10  2-3 Boring 12 boring City of Seattle? 3/25/1965 S&W 

A-11  2-4 B-1 boring S&W 12/7/1993 S&W 

A-12  2-5 B-2 boring S&W 12/9/1993 S&W 

A-13  3-3 B-3 boring S&W 1/12/1997 S&W 

A-14  3-5 PB-2 boring S&W 1/12/1997 S&W 

A-15  5-4 B-4 boring S&W 11/12/1997 S&W 

A-16  6-4 HB-1 hand boring S&W 7/29/1997 S&W 

A-17  13-2 P-2 CPT HCA 6/25/1981 Port of Seattle 

A-18  13-3 P-3 CPT HCA 7/3/1981 Port of Seattle 

A-19  13-6 B-1 boring HCA 6/26/1981 Port of Seattle 

A-20  13-7 B-2 boring HCA 7/14/1981 Port of Seattle 

A-21  13-18 B-101 boring HCA 7/20/1981 Port of Seattle 

A-22  13-19 B-102 boring HCA 7/20/1981 Port of Seattle 

A-23  13-20 Well No. 1 deep well Unknown March-43 Port of Seattle 

A-24  14-1 Boring 5 boring 
SED Materials 

Laboratory 1/31/1973 City of Seattle 

A-25  14-2 Boring 1 boring 
SED Materials 

Laboratory 11/14/1972 City of Seattle 

A-26  14-3 Boring 2 boring 
SED Materials 

Laboratory 11/14/1972 City of Seattle 

A-27  15-1 Boring 8 boring 
SED Materials 

Laboratory 6/7/1972 City of Seattle 

A-28  16-3 Boring 3 boring 
SED Materials 

Laboratory 11/4/1981 City of Seattle 

A-29  22-1 Boring 2 boring 
SED Materials 

Laboratory 7/21/1988 City of Seattle 

A-30  23-1 Boring 1 boring RZA February-78 City of Seattle 

A-31  23-2 Boring 2 boring RZA February-78 City of Seattle 

A-32  23-3 Boring 3 boring RZA February-78 City of Seattle 

A-33  23-4 Boring 4 boring RZA February-78 City of Seattle 

A-34  23-5 Boring 5 boring RZA February-78 City of Seattle 

A-35  23-6 Boring 6 boring RZA February-78 City of Seattle 

A-36  282-1 Boring 1 Boring ECI 9/6/1989 SAGMP 

A-38  710-1 Boring 1 boring GCI 10/13/1995 SAGMP 

A-39  1647-2 B-1 boring GEI/CEO 6/8/1994 SAGMP 

A-40  1650-1 HC-1 boring HCA 8/27/1994 SAGMP 

A-41  1657-1 Boring 1 boring GEI 1/19/1987 SAGMP 
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Table A-1 (cont.) 
Sources of Previous Explorations

Shannon & Wilson 
Geology and Soils 
Discipline Report 
Figure Number 

Shannon & Wilson 
Geology and Soils 
Discipline Report 

Exploration 
Designation 

Original 
Exploration 
Designation 

Type of 
Exploration 

Exploration 
Company 

Date Exploration 
Completed 

Source of 
Exploration Log

A-42  1657-2 Boring 2 boring GEI 1/20/1987 SAGMP 

A-43  1657-3 Boring 3 boring GEI 1/19/1987 SAGMP 

A-44  1657-4 Boring 4 boring GEI 1/20/1987 SAGMP 

A-45  1657-5 Boring 5 boring GEI 1/20/1987 SAGMP 

A-46  3352-1 B-1 boring GEI 1/24/1990 SAGMP 

A-47  3352-2 B-2 boring GEI 1/25/1990 SAGMP 

A-48  3352-3 B-3 boring GEI 1/26/1990 SAGMP 

A-49  CP_103B CP_103B boring SEAI 12/2/1987 Port of Seattle 

A-50  CP_108B CP_108B boring SEAI 1/20/1989 Port of Seattle 

A-51  CP_111 CP-111 boring BE 10/10/1992 Port of Seattle 

A-52  CP_115B CP-115B boring BE March-93 Port of Seattle 

A-53  CP_TB-4 TB-4 boring SEAI 12/9/1988 Port of Seattle 

A-54 11-1 HB-1 hand boring S&W 7/31/1989 S&W 

A-55 11-6 HB-6 hand boring S&W 8/24/1989 S&W 

A-56 11-7 HB-7 hand boring S&W 8/23/1989 S&W 

A-57 11-8 HB-8 hand boring S&W 8/23/1989 S&W 

A-58 711-1 Boring No. 1 boring TA 11/17/1986 SAGMP 

A-59 711-2 Boring No. 2 boring TA 11/17/1986 SAGMP 

A-60 711-3 Boring No. 3 boring TA 11/17/1986 SAGMP 

A-61 711-4 Boring No. 4 boring TA 11/17/1986 SAGMP 

A-62 2216-1 Boring 1 boring GCI 7/31/1996 SAGMP 

A-63 2216-2 Boring 2 boring GCI 7/31/1996 SAGMP 

A-64 2669-1 B-1 boring GGN 2/12/1997 SAGMP 

A-65 2669-2 B-2 boring GGN 2/12/1997 SAGMP 

A-66 3440-1 B-1 boring ZZA 3/21/2000 SAGMP 

A-67 14-5 Hole Number 4 boring SED 11/14/1972 SED 

A-68 16-1 Hole Number 1 boring SED 10/30/1981 SED 

A-60 16-2 Hole Number 2 boring SED 10/30/1981 SED 

A-70 CP_205B CP_205B boring PNG 11/21/1995 Port of Seattle 

A-71 CP_109 CP_109 boring SEAI 12/13/1988 Port of Seattle 

Notes: 
BE = Burlington Environmental     SEAI = Sweet, Edwards & Associates, Inc. 
CPT = Cone Penetration Test      SED = Seattle Engineering Department 
ECI = Earth Consultants, Inc.     S&W = Shannon & Wilson, Inc. 
GCI = Geotech Consultants, Inc. TA = Terra Associates 
GEI = GeoEngineers Incorporated/GeoEngineers    ZZA = Zipper Zeman Associates, Inc. 
GEI/CEO  = GeoEngineers, Inc. and Creative Engineering Options, Inc. 
GGN = GeoGroup Northwest, Inc. 
HCA = Hart-Crowser & Associates, Inc./Hart-Crowser 
PNG = Pacific Northern GeoScience 
RZA = Rittenhouse-Zeman & Associates 
SAGMP = Seattle Area Geologic Mapping Project 
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GEOLOGIC UNITS
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p = Pre-Vashon
      6 or more glacial and
      interglacial episodes

v = Vashon

o = outwash
at = ablation till

g = glacial

n = nonglacial
     (interglacial)

l = lacustrine
nm = mudline

l = lacustrine
o = outwash
m = marine
t = till (lodgment)

Each geologic unit has a two- to four-letter abbreviation composed of a leading 
capital letter signifying geologic age, followed by one or more lowercase letters 
indicating further breakdown of geologic age, depositional environment, or 
geologic process.

t = till (lodgment)
a = advance outwash
gl = glaciolacustrine

Qva

Qpnl

Qvgl

FILL:  Fill placed by humans, both engineered and nonengineered.
Various materials, including debris; cobbles and boulders common; commonly dense or stiff if engineered, but 
very loose to dense or very soft to stiff if nonengineered.

COLLUVIUM:  Hillside slope accumulations due to gravity emplacement.
Disturbed, heterogeneous mixture of several soils types, including organic debris; loose or soft.

LANDSLIDE DEPOSITS:  Deposits of landslides, normally at and adjacent to the toe of slopes.
Disturbed, heterogeneous mixture of several soil types; loose or soft, with random dense or hard pockets.

ESTUARINE DEPOSITS:  Estuary deposits of intertidal zones associated with rivers and streams located along 
the present and former Puget Sound shoreline.
Clayey Silt, silty Clay, Silt, and fine Sand; very soft to very stiff or very loose to medium dense.

BEACH DEPOSITS:  Deposits along present and former shorelines of Puget Sound and tributary river mouths.
Silty Sand, sandy Gravel, Sand, scattered fine Gravel, organic and shell debris; loose to dense.

RECESSIONAL OUTWASH DEPOSITS:  Glaciofluvial sediment deposited as glacial ice retreated.
Clean to silty Sand, gravelly Sand, sandy Gravel; cobbles and boulders common; loose to very dense.

TILL:  Lodgment till laid down along the base of the glacial ice.
Gravelly silty Sand, silty gravelly Sand ("hardpan"); cobbles and boulders common; very dense.

ADVANCE OUTWASH:  Glaciofluvial sediment deposited as the glacial ice advanced through the Puget Lowland.
Clean to silty Sand, gravelly Sand, sandy Gravel; dense to very dense.

GLACIOLACUSTRINE DEPOSITS:  Fine-grained glacial flour deposited in proglacial lake in Puget Lowland.
Silty clay, Clayey Silt, with interbeds of Silt and fine Sand; locally laminated; scattered organic fragments near base; 
hard or dense to very dense.

Qvro

Qvt

He

Hb

Hls

Hf

Hc

HOLOCENE DEPOSITS

QUATERNARY VASHON DEPOSITS

H = Holocene
f = fill
c = colluvium
ls = landslide

r = recessional

e = estuarine
b = beach

13,500 yrs Be

Present

QUATERNARY PRE-VASHON DEPOSITS

NOMENCLATURE

The description of each geologic unit includes only general information 
regarding the environment of deposition and basic soil characteristics.

NOTE

Qpnm

LACUSTRINE DEPOSITS:  Fine-grained lake deposits in depressions, large and small.
Fine sandy Silt, silty fine Sand, clayey Silt; scattered to abundant fine organics; dense to very dense or very stiff to hard.

MUDFLOW DEPOSITS:  Distal deposits of mass movements such as landslides or lahars.
Stratified or irregular bodies of a heterogeneous mixture of Gravel, Sand, Silt, and Clay; pumice, obsidian and ash 
common; rare organics (charcoal); very stiff to hard or very dense.

TILL:  Lodgment till laid down along the base of the glacial ice
Gravelly silty Sand, silty gravelly Sand ("hardpan"); cobbles and boulders common; very dense.

OUTWASH:  Glaciofluvial sediment deposited as the glacial ice advanced through the Puget Lowland.
Clean to silty Sand, gravelly Sand, sandy Gravel; very dense.

GLACIOLACUSTRINE DEPOSITS:  Fine-grained glacial flour deposited in proglacial lake in Puget Lowland.
Silty Clay, clayey Silt, with interbeds of Silt and fine Sand; very stiff to hard or very dense.

Qpgo

Qpgl

Qpgt

Alternatives A, C, and D

Figure A-2 - Geologic Unit Explanation

F
ile

: I
:\

D
ra

fti
ng

\2
11

\0
97

59
-0

08
\G

&
S

 D
is

ci
pl

in
e 

R
ep

or
t (

8-
04

)\
21

-1
-0

97
59

-0
08

 L
eg

en
d.

dw
g 

   
   

D
at

e:
 0

8-
17

-2
00

4 
   

 A
ut

ho
r:

 C
N

T

Page A-9Appendix AGeology and Soils Discipline Report
Magnolia Bridge Replacement



Figure A-3, Sheet 1 of 3
Log of Boring D-1
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Figure A-3, Sheet 2 of 3
Log of Boring D-1
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Figure A-3, Sheet 3 of 3
Log of Boring D-1
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Figure A-4, Sheet 1 of 3
Log of Boring D-2
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Figure A-4, Sheet 2 of 3
Log of Boring D-2
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Figure A-4, Sheet 3 of 3
Log of Boring D-2
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Figure A-5, Sheet 1 of 2
Log of Boring D-3
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Figure A-5, Sheet 2 of 2
Log of Boring D-3
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Figure A-6
Log of Boring H-1
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Figure A-7, Sheet 1 of 3
Log of Boring H-2
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Figure A-7, Sheet 2 of 3
Log of Boring H-2
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Figure A-7, Sheet 3 of 3
Log of Boring H-2
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Figure A-8, Sheet 1 of 2
Log of Boring H-3
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Figure A-8, Sheet 2 of 2
Log of Boring H-3
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Figure A-9
Log of Boring 2-2

Old City of Seattle datum elevation
~3 Ft. + 9.7 Ft. = ~13 Ft. NAVD88.
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Figure A-10
Log of Boring 2-3

Assume ground surface elevation of ~17 Ft. NAVD88.
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Figure A-11, Sheet 1 of 2
Log of Boring 2-4

Assume ground surface elevation of ~15 Ft. NAVD88.
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Figure A-11, Sheet 2 of 2
Log of Boring 2-4

Assume ground surface elevation of ~15 Ft. NAVD88.
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Figure A-12, Sheet 1 of 2
Log of Boring 2-5

Assume ground surface elevation of ~16 Ft. NAVD88.
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Figure A-12, Sheet 2 of 2
Log of Boring 2-5

Assume ground surface elevation of ~16 Ft. NAVD88.
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Figure A-13
Log of Boring 3-3

NAVD88
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Figure A-14
Log of Boring 3-5

NAVD88
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Figure A-15
Log of Boring 5-4

NAVD88
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Figure A-16
Log of Boring 6-4

NAVD88
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MLLW datum elevation of -6.5 Ft. - 2.8 Ft. = -9.3 Ft. NAVD88. Figure A-17, Sheet 1 of 2
Log of Boring 13-2

MATCHLINE  (SEE SHEET 2 of 2)
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Figure A-17, Sheet 2 of 2
Log of Boring 13-2

MATCHLINE  (SEE SHEET 1 of 2)

MLLW datum elevation of -6.5 Ft. - 2.8 Ft. = -9.3 Ft. NAVD88.
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Figure A-18
Log of Boring 13-3

MLLW datum elevation of 18 Ft - 2.8 Ft. = 15.2 Ft. NAVD88.
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Assume ground surface elevation of ~10 Ft. NAVD88. Figure A-19, Sheet 1 of 2
Log of Boring 13-6

MATCHLINE  (SEE SHEET 2 of 2)
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Assume ground surface elevation of ~10 Ft. NAVD88.

Figure A-19, Sheet 2 of 2
Log of Boring 13-6

MATCHLINE  (SEE SHEET 1 of 2)
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Assume ground surface elevation of ~16 Ft. NAVD88. Figure A-20, Sheet 1 of 2
Log of Boring 13-7

MATCHLINE  (SEE SHEET 2 of 2)
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Assume ground surface elevation of ~16 Ft. NAVD88.

Figure A-20, Sheet 2 of 2
Log of Boring 13-7

MATCHLINE  (SEE SHEET 1 of 2)

Geology and Soils Discipline Report
Magnolia Bridge Replacement

Page A-40 Appendix A



Figure A-21
Log of Boring 13-18

Assume ground surface elevation of ~15 Ft. NAVD88.
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Figure A-22
Log of Boring 13-19

Assume ground surface elevation of ~16 Ft. NAVD88.
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MLLW datum elevation of
18.69 Ft. - 2.8 Ft. = 15.89 Ft. NAVD88.

Figure A-23, Sheet 1 of 2
Log of Boring 13-20

MATCHLINE  (SEE SHEET 2 of 2)
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MLLW datum elevation of
18.69 Ft. - 2.8 Ft. = 15.89 Ft. NAVD88.

Figure A-23, Sheet 2 of 2
Log of Boring 13-20

MATCHLINE  (SEE SHEET 1 of 2)
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Figure A-24, Sheet 1 of 2
Log of Boring 14-1

Assume ground surface elevation of ~16 Ft. NAVD88.
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Figure A-24, Sheet 2 of 2
Log of Boring 14-1

Assume ground surface elevation of ~16 Ft. NAVD88.
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Figure A-25
Log of Boring 14-2

Assume ground surface elevation of ~157 Ft. NAVD88.
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Figure A-26
Log of Boring 14-3

Assume ground surface elevation of ~128 Ft. NAVD88.
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Figure A-27, Sheet 1 of 2
Log of Boring 15-1

Assume ground surface elevation of ~16 Ft. NAVD88.
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Figure A-27, Sheet 2 of 2
Log of Boring 15-1

Assume ground surface elevation of ~16 Ft. NAVD88.
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Figure A-28, Sheet 1 of 2
Log of Boring 16-3

Assume ground surface elevation of ~16 Ft. NAVD88.
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Figure A-28, Sheet 2 of 2
Log of Boring 16-3

Assume ground surface elevation of ~16 Ft. NAVD88.
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Figure A-29, Sheet 1 of 2
Log of Boring 22-1

Assume ground surface elevation of ~18 Ft. NAVD88.
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Figure A-29, Sheet 2 of 2
Log of Boring 22-1

Assume ground surface elevation of ~18 Ft. NAVD88.
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Figure A-30, Sheet 1 of 2
Log of Boring 23-1
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Figure A-30, Sheet 2 of 2
Log of Boring 23-1
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Figure A-31, Sheet 1 of 2
Log of Boring 23-2
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Figure A-31, Sheet 2 of 2
Log of Boring 23-2
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Figure A-32
Log of Boring 23-3
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Figure A-33
Log of Boring 23-4
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Figure A-34
Log of Boring 23-5
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Figure A-35
Log of Boring 23-6
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Figure A-36
Log of Boring 282-1
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Figure A-37
Log of Boring 282-2

Assume ground surface elevation of ~37 Ft. NAVD88.
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Figure A-38
Log of Boring 710-1

Assume ground surface elevation of ~111 Ft. NAVD88.
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Figure A-39, Sheet 1 of 3
Log of Boring 1647-2

NAVD88
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Figure A-39, Sheet 2 of 3
Log of Boring 1647-2
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Figure A-39, Sheet 3 of 3
Log of Boring 1647-2
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Figure A-40
Log of Boring 1650-1

Assume ground surface elevation of ~15 Ft. NAVD88.
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Figure A-41, Sheet 1 of 2
Log of Boring 1657-1

NAVD88
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Figure A-41, Sheet 2 of 2
Log of Boring 1657-1
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Figure A-42, Sheet 1 of 2
Log of Boring 1657-2
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Figure A-42, Sheet 2 of 2
Log of Boring 1657-2
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Figure A-43, Sheet 1 of 2
Log of Boring 1657-3

NAVD88
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Figure A-43, Sheet 2 of 2
Log of Boring 1657-3
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Figure A-44, Sheet 1 of 2
Log of Boring 1657-4
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Figure A-44, Sheet 2 of 2
Log of Boring 1657-4
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Figure A-45, Sheet 1 of 2
Log of Boring 1657-5
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Figure A-45, Sheet 2 of 2
Log of Boring 1657-5
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Figure A-46, Sheet 1 of 2
Log of Boring 3352-1
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Figure A-46, Sheet 2 of 2
Log of Boring 3352-1
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Figure A-47, Sheet 1 of 2
Log of Boring 3352-2
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Figure A-47, Sheet 2 of 2
Log of Boring 3352-2
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Figure A-48, Sheet 1 of 2
Log of Boring 3353-3
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Figure A-48, Sheet 2 of 2
Log of Boring 3353-3
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Figure A-49, Sheet 1 of 2
Log of Boring CP_103B

Assume ground surface elevation is the 
same as nearby 13-19 at ~16 Ft. NAVD88.
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Figure A-49, Sheet 2 of 2
Log of Boring CP_103B

Assume ground surface elevation is the 
same as nearby 13-19 at ~16 Ft. NAVD88.
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Figure A-50, Sheet 1 of 4
Log of Boring CP_108B

Assume datum is old City of Seattle datum:  
4.84 Ft. + 9.7 Ft. =  14.54 Ft. NAVD88.
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Figure A-50, Sheet 2 of 4
Log of Boring CP_108B

Assume datum is old City of Seattle datum:  
4.84 Ft. + 9.7 Ft. =  14.54 Ft. NAVD88.
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Figure A-50, Sheet 3 of 4
Log of Boring CP_108B

Assume datum is old City of Seattle datum:  
4.84 Ft. + 9.7 Ft. =  14.54 Ft. NAVD88.
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Figure A-50, Sheet 4 of 4
Log of Boring CP_108B

Assume datum is old City of Seattle datum:  
4.84 Ft. + 9.7 Ft. =  14.54 Ft. NAVD88.
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Figure A-51
Log of Boring CP_111

Assume datum is old City of Seattle datum:  
5.7 Ft. + 9.7 Ft. =  15.4 Ft. NAVD88.
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Figure A-52
Log of Boring CP_115B

Assume datum is old City of Seattle datum:  
5.8 Ft. + 9.7 Ft. =  15.5 Ft. NAVD88.
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Figure A-53, Sheet 1 of 2
Log of Boring CP_TB-4

Assume datum is old City of Seattle datum:  
5.86 Ft. + 9.7 Ft. =  15.56 Ft. NAVD88.
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Figure A-53, Sheet 2 of 2
Log of Boring CP_TB-4

Assume datum is old City of Seattle datum:  
5.86 Ft. + 9.7 Ft. =  15.56 Ft. NAVD88.
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Figure A-54
Log of Hand Boring 11-1

,NAVD88
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Figure A-55
Log of Hand Boring 11-6

,NAVD88
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Figure A-56
Log of Hand Boring 11-7

,NAVD88
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Figure A-57
Log of Hand Boring 11-8

,NAVD88
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Figure A-58
Log of Boring 711-1

Assume ground surface elevation of ~142 Ft. NAVD88.
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Figure A-59
Log of Boring 711-2

Assume ground surface elevation of ~140 Ft. NAVD88.
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Figure A-60
Log of Boring 711-3

Assume ground surface elevation of ~140 Ft. NAVD88.
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Figure A-61
Log of Boring 711-4

Assume ground surface elevation of ~142 Ft. NAVD88.
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Figure A-62, Sheet 1 of 2
Log of Boring 2216-1

Assume ground surface elevation of ~139 Ft. NAVD88.
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Figure A-62, Sheet 2 of 2
Log of Boring 2216-1

Assume ground surface elevation of ~139 Ft. NAVD88.
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Figure A-63
Log of Boring 2216-2

Assume ground surface elevation of ~146 Ft. NAVD88.
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Figure A-64
Log of Boring 2669-1

Assume ground surface elevation of ~132 Ft. NAVD88.
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Figure A-65
Log of Boring 2669-2

Assume ground surface elevation of ~128 Ft. NAVD88.
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Figure A-66, Sheet 1 of 3
Log of Boring 3440-1

Assume ground surface elevation of ~178 Ft. NAVD88.
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Figure A-66, Sheet 2 of 3
Log of Boring 3440-1

Page A-110

Assume ground surface elevation of ~178 Ft. NAVD88.
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Figure A-66, Sheet 3 of 3
Log of Boring 3440-1

Assume ground surface elevation of ~178 Ft. NAVD88.
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Figure A-67
Log of Boring 14-5

Assume ground surface elevation of ~192 Ft. NAVD88.
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Figure A-68, Sheet 1 of 2
Log of Boring 16-1
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Assume ground surface elevation of ~95 Ft. NAVD88.



Figure A-68, Sheet 2 of 2
Log of Boring 16-1

Assume ground surface elevation of ~95 Ft. NAVD88.
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Figure A-69
Log of Boring 16-2

Assume ground surface elevation of ~16 Ft. NAVD88.
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Figure A-70, Sheet 1 of 2
Log of Boring CP_205B

Assume datum is old City of Seattle datum: 
5.53 Ft. + 9.7 Ft. = elevation 15.2 Ft. NAVD88.
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Figure A-70, Sheet 2 of 2
Log of Boring CP_205B

Assume datum is old City of Seattle datum: 
5.53 Ft. + 9.7 Ft. = elevation 15.2 Ft. NAVD88.
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Figure A-71, Sheet 1 of 2
Log of Boring CP_109

Assume datum is old City of Seattle datum: 
6.21 Ft. + 9.7 Ft. = elevation 15.9 Ft. NAVD88.
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Figure A-71, Sheet 2 of 2
Log of Boring CP_109

Assume datum is old City of Seattle datum: 
6.21 Ft. + 9.7 Ft. = elevation 15.9 Ft. NAVD88.
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Attachment to and part of Report  21-1-09759-008 
  
Date: February 9, 2005 
To
: 

Mr. Pete Smith 

 HNTB 
  

SHANNON & WILSON, INC. 
Geotechnical and Environmental Consultants 

 
 
 
 

  
  
 

IMPORTANT INFORMATION ABOUT YOUR GEOTECHNICAL/ENVIRONMENTAL  
REPORT 

 
CONSULTING SERVICES ARE PERFORMED FOR SPECIFIC PURPOSES AND FOR SPECIFIC CLIENTS. 

Consultants prepare reports to meet the specific needs of specific individuals.  A report prepared for a civil engineer may not be adequate for 
a construction contractor or even another civil engineer.  Unless indicated otherwise, your consultant prepared your report expressly for you 
and expressly for the purposes you indicated.  No one other than you should apply this report for its intended purpose without first 
conferring with the consultant.  No party should apply this report for any purpose other than that originally contemplated without first 
conferring with the consultant. 

THE CONSULTANT'S REPORT IS BASED ON PROJECT-SPECIFIC FACTORS. 

A geotechnical/environmental report is based on a subsurface exploration plan designed to consider a unique set of project-specific factors.  
Depending on the project, these may include:  the general nature of the structure and property involved; its size and configuration; its 
historical use and practice; the location of the structure on the site and its orientation; other improvements such as access roads, parking lots, 
and underground utilities; and the additional risk created by scope-of-service limitations imposed by the client.  To help avoid costly 
problems, ask the consultant to evaluate how any factors that change subsequent to the date of the report may affect the recommendations.  
Unless your consultant indicates otherwise, your report should not be used: (1) when the nature of the proposed project is changed (for 
example, if an office building will be erected instead of a parking garage, or if a refrigerated warehouse will be built instead of an 
unrefrigerated one, or chemicals are discovered on or near the site); (2) when the size, elevation, or configuration of the proposed project is 
altered; (3) when the location or orientation of the proposed project is modified; (4) when there is a change of ownership; or (5) for 
application to an adjacent site.  Consultants cannot accept responsibility for problems that may occur if they are not consulted after factors 
which were considered in the development of the report have changed. 

SUBSURFACE CONDITIONS CAN CHANGE. 

Subsurface conditions may be affected as a result of natural processes or human activity.  Because a geotechnical/environmental report is 
based on conditions that existed at the time of subsurface exploration, construction decisions should not be based on a report whose 
adequacy may have been affected by time.  Ask the consultant to advise if additional tests are desirable before construction starts; for 
example, groundwater conditions commonly vary seasonally. 
 
Construction operations at or adjacent to the site and natural events such as floods, earthquakes, or groundwater fluctuations may also affect 
subsurface conditions and, thus, the continuing adequacy of a geotechnical/environmental report.  The consultant should be kept apprised of 
any such events, and should be consulted to determine if additional tests are necessary. 

MOST RECOMMENDATIONS ARE PROFESSIONAL JUDGMENTS. 

Site exploration and testing identifies actual surface and subsurface conditions only at those points where samples are taken.  The data were 
extrapolated by your consultant, who then applied judgment to render an opinion about overall subsurface conditions.  The actual interface 
between materials may be far more gradual or abrupt than your report indicates.  Actual conditions in areas not sampled may differ from 
those predicted in your report.  While nothing can be done to prevent such situations, you and your consultant can work together to help 
reduce their impacts.  Retaining your consultant to observe subsurface construction operations can be particularly beneficial in this respect. 
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A REPORT'S CONCLUSIONS ARE PRELIMINARY. 

The conclusions contained in your consultant's report are preliminary because they must be based on the assumption that conditions 
revealed through selective exploratory sampling are indicative of actual conditions throughout a site.  Actual subsurface conditions can be 
discerned only during earthwork; therefore, you should retain your consultant to observe actual conditions and to provide conclusions.  Only 
the consultant who prepared the report is fully familiar with the background information needed to determine whether or not the report's 
recommendations based on those conclusions are valid and whether or not the contractor is abiding by applicable recommendations.  The 
consultant who developed your report cannot assume responsibility or liability for the adequacy of the report's recommendations if another 
party is retained to observe construction. 

THE CONSULTANT'S REPORT IS SUBJECT TO MISINTERPRETATION. 

Costly problems can occur when other design professionals develop their plans based on misinterpretation of a geotechnical/environmental 
report.  To help avoid these problems, the consultant should be retained to work with other project design professionals to explain relevant 
geotechnical, geological, hydrogeological, and environmental findings, and to review the adequacy of their plans and specifications relative 
to these issues. 

BORING LOGS AND/OR MONITORING WELL DATA SHOULD NOT BE SEPARATED FROM THE REPORT. 

Final boring logs developed by the consultant are based upon interpretation of field logs (assembled by site personnel), field test results, and 
laboratory and/or office evaluation of field samples and data.  Only final boring logs and data are customarily included in 
geotechnical/environmental reports.  These final logs should not, under any circumstances, be redrawn for inclusion in architectural or other 
design drawings, because drafters may commit errors or omissions in the transfer process.   
 
To reduce the likelihood of boring log or monitoring well misinterpretation, contractors should be given ready access to the complete 
geotechnical engineering/environmental report prepared or authorized for their use.  If access is provided only to the report prepared for 
you, you should advise contractors of the report's limitations, assuming that a contractor was not one of the specific persons for whom the 
report was prepared, and that developing construction cost estimates was not one of the specific purposes for which it was prepared.  While 
a contractor may gain important knowledge from a report prepared for another party, the contractor should discuss the report with your 
consultant and perform the additional or alternative work believed necessary to obtain the data specifically appropriate for construction cost 
estimating purposes.  Some clients hold the mistaken impression that simply disclaiming responsibility for the accuracy of subsurface 
information always insulates them from attendant liability.  Providing the best available information to contractors helps prevent costly 
construction problems and the adversarial attitudes that aggravate them to a disproportionate scale. 

READ RESPONSIBILITY CLAUSES CLOSELY. 

Because geotechnical/environmental engineering is based extensively on judgment and opinion, it is far less exact than other design 
disciplines. This situation has resulted in wholly unwarranted claims being lodged against consultants.  To help prevent this problem, 
consultants have developed a number of clauses for use in their contracts, reports and other documents.  These responsibility clauses are not 
exculpatory clauses designed to transfer the consultant's liabilities to other parties; rather, they are definitive clauses that identify where the 
consultant's responsibilities begin and end.  Their use helps all parties involved recognize their individual responsibilities and take 
appropriate action.  Some of these definitive clauses are likely to appear in your report, and you are encouraged to read them closely.  Your 
consultant will be pleased to give full and frank answers to your questions. 
 
 
 The preceding paragraphs are based on information provided by the 
 ASFE/Association of Engineering Firms Practicing in the Geosciences, Silver Spring, Maryland 




