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Additional Geotechnical Information
Section 2.2 Soil Information of the July 2019 Stormwater Site Plan references the October 29, 2018
geotechnical assessment report by Associated Earth Sciences (AES). A copy of this report is
provided in the attached Appendix A2. This report provides an assessment of the site’s geologic
conditions including soil, hydrology, and geologic hazards information. A site geology map was
developed for the 2008 AEG Existing Geological/Hydrogeological Site Conditions Technical Report
(2nd Draft) prepared for a previously proposed development at Governors Point. This 216-page
report provides extensive geological information on the site. Excerpts of this 2008 report are
provided in the attached Appendix A3. Figure 3 of the 2008 report, Site Geology Map of the report,
shows the location of the various soil types and the locations of the exploration pits, monitoring
wells, infiltration tests, and soil borings. The log reports of eight representative exploration pits and
the two infiltration tests locations are also provided in this Appendix. The subsurface soils are
typically described as follows:




Forest duff: 0.5 ft to 2 ft (average 1 ft) of topsoil, most areas with abundant root system.
Weathered Chuckanut Formation Sandstone or Weathered Everson Glaciomarine Drift: 3 ft.
to 7 ft thick, silty sand, sandy silt, fine to coarse sand, some gravel.
Chuckanut Formation Sandstone or Everson Glaciomarine Drift (Bedrock).

Two infiltration tests were performed on site. IT-1 was performed in the glaciomarine drift layer
and resulted in an infiltration rate of less than 0.1 inches per hour. IT-2 was performed in the
weathered Chuckanut Sandy Formation and resulted in an infiltration rate of 15 inches per hour.
Conclusions from these exploration logs and the extensive amount of vegetated ground cover
indicate that the thick forest duff layer with underlying sandy soils provides the ability to disperse,
absorb, and infiltrate stormwater runoff readily. As observed by site inspections following rainfall
events, there were no signs of surface runoff or erosion, even on the site’s steep slopes.
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Whatcom County Code Chapter 16.16 Critical Areas, Section 16.16.320 Geologically hazardous
area – General standards, Sub-section E. Review by Qualified Professional states:
Review by Qualified Professional: A geologist or other qualified professional, licensed in the
state of Washington, shall review development proposals that occur in potentially
geologically hazardous areas to determine the potential risk. If development takes place
within an identified geologically hazardous area requiring design or structural elements to
minimize the hazard, the mitigation shall be designed by a qualified professional licensed in
the state of Washington with expertise in mitigation of geological hazards.
The soil erosion potential is assessed in Section 3.4.1 Erosion Hazards of the 2008 AEG report.
As stated in this report:
Slope gradients and vegetation play an important role in determining erosion impacts. In
general, steeper slopes have a higher susceptibility to erosion as surface water has the
capability of achieving higher velocities and, hence, has more energy available to erode and
transport sediments. Vegetation, on the other hand, has a tendency to reduce the potential
development of concentrated flows by dispersing rainfall, impeding surface water flow, and
reducing surface water velocities.
This section continues and states:
It is our opinion that, with respect to erosion hazard potential, the lots at the Governors
Pointe site are likely buildable according to their current configuration, and that erosion
hazards present at the site can be mitigated with a combination of shoreline and building
setbacks; and geotechnical engineering and site development best management practices
related to grading, erosion control, and drainage.
Note that the 2008 geotechnical report was based on a 140-lot proposal, with much smaller lots then
those currently proposed. The current proposal includes 16 new one-acre lots, providing much more
opportunity for siting stormwater solutions on an individual lot basis.
AES has provided an additional assessment with respect to the construction on the lots and site’s
steep slopes – see the attached memorandum in Appendix A4. AES states that the proposed lots are
suitable for residential development subject to site-specific recommendations based on the proposed
homes and layouts proposed for each lot. More detailed site-specific information regarding the
release of stormwater over the site will be provided with the building permit application.
Lot Development
The development on each lot is anticipated to vary based on the unique characteristics of the lot and
the layout of the home and driveway. General assumptions common to all the lots are:


Lots will have a minimum amount of clearing, sufficient enough to provide for just the
construction of the site building(s) and driveway. The remaining areas will be left in the native
forest condition with the existing forest duff also remaining in place.



The home, garage, and driveway areas are anticipated to vary based on lot configuration, site
topography, and the owner’s desired home and lot layout. Lot 16 has been evaluated to provide
a typical layout and with corresponding stormwater management features – see the attached
Figures 4 and 5. Lot 16 has been chosen to represent a typical development since, A) it presents
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the topographical challenges typical to all the lots, and B) it will most likely be the first lot to be
developed. While other lots may vary with different building and driveway sizes and layout, the
Lot 16 layout provides a typical representation on how the lots can be developed.


For this lot representation, the building area is anticipated to be 1,800 sf, the detached garage
area is assumed at 800 sf, and the driveway area, from which stormwater runoff is captured, is
assumed to be 2,700 sf.

WWHM analyses were performed to estimate the runoff flow rates for the proposed 2,600 sf (0.0597
acres) of new impervious roof area and 2,700 sf (0.0620 acres) of captured driveway area on Lot 16.
(See WWHM results provided in Appendices B7 and B8 with flow rates for the house and garage
prorated based on total roof area.). As anticipated the flow rates were quite small and are
summarized in Table A.
Table A: Flow Rates for Proposed Improvements
Area (sf)
QWQ (cfs)
Q100 (cfs)
Total Roof Area
2,600
0.0078
0.0430
Home
1,800
0.0054
0.0298
Garage
800
0.0024
0.0132
Captured Driveway

2,700

0.0081

0.0446

Combined Home, Garage, and
Captured Driveway

5,300

0.0159

0.0876

Water Quality Treatment
Driveway runoff water quality treatment will be provided using multiple BMPs. BMP T7.40:
Composted -Amended Vegetated Filter Strips (CAVFS) will be utilized wherever there is available
area along the driveway shoulder to install this filter strip. (See the response to Comment # 21 for
additional discussion on CAVFS). In areas where runoff cannot be routed to a CAVFS, either BMP
T9.40: Vegetated Filter Strip or a manufactured treatment device (i.e., a StormFilter cartridge system
or equal) will be utilized to provide water quality treatment. Runoff will be dispersed on the lots
through the remaining native forest area.
BMP T9.40: Vegetated Filter Strip
Requirements for this BMP are summarized in Table V-7.6: Sizing Criteria for Vegetated Filter
Strip, DOE Manual, Volume V, Chapter 7 (page 878):
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The design process for sizing a filter strip is outlined in the BMP. The DOE BMP is based on runoff
treatment being provided through the passage of water over the surface and through grass. As such,
Table V-7.6 from the DOE Manual (shown above) provides a Manning coefficient value for water
through grass. The specific use of grass as the vegetated surface in this BMP is assumed to reflect a
constructed filter strip built next to or along the road shoulder or driveway. (Note: the WSDOT
Highway Runoff Manual makes a distinction between BMP FC.01- Natural Dispersion, where the
existing vegetation is utilized, and BMP FC.02 – Engineered Dispersion, where the dispersion area
is constructed. The DOE Manual does not make this distinction.) Our understanding is that a
natural forest, with its forest duff and extensive root system, will provide equal or superior water
quality treatment than grass vegetation. (Further evidence of this is provided when considering that
the Filterra stormwater treatment system, colloquially called a ‘tree in a box’, is approved by the
DOE for enhanced treatment while other grass-based systems provide only basic treatment.) Also,
the pollution source is only a driveway for a single residence, not a parking lot or heavy use
roadway. The amount of pollution generated runoff is anticipated to be minimal.
The vegetative path length was calculated assuming the BMP maximum allowed slope of 33%, a
Manning coefficient of 0.10 for a forest condition, a nine-minute residence time, and assumed 25 ft
flow path (dispersion trench) width. In some cases, the driveway runoff may be combined with
garage and/or house runoff based on the lot’s topography and the building layout. If necessary, the
BMP will be sized for the combined water quality treatment flow rate including the house and
garage roof area runoff. A summary of the required length, based on multiple contributing area
combinations, is provided in Table B. Note that the dispersed flow velocity is well below any type
of erosive velocity (typically in the 3 -4 ft/sec range.) Supporting calculations are provided in the
attached Appendix B9.
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Table B: Required Length for Vegetated Filter Strips
Area
Flow Rate Flow Rate Velocity
(sf)
QWQ
QWQ
VWQ
(cfs)
(gpm)
(ft/sec)
Captured Driveway Area
2,700
0.0081
4
0.18
Captured Driveway,
5,300
0.0159
7
0.24
House, & Garage

Required
Length
(ft)
99
129

Manufactured Treatment Device
A standard 18-inch diameter single cartridge CONTECH StormFilter system provides treatment at a
rate of 7.5 gpm. A single cartridge system would meet the treatment requirements of any
contributing area combination – see water quality flow rates in gallons per minute (gpm) in Table B.
Runoff from the cartridge will be release through a dispersion trench – see following discussion.
As shown in Figure 4, based on this lot’s topography and the layout, and when using the vegetated
filter strip BMP, stormwater will have to be pumped to a dispersion trench. This is required to
situate the filter strip length on this lot in order to achieve the required nine minute travel time. This
is not the preferred design and the pump will be eliminated should the site’s topography and lot
layout support a gravity flow system. As shown in Figure 5, the use of a treatment cartridge would
enable the runoff to be dispersed downhill of the cartridge system without the use of a pump system.
Flow Dispersion
As discussed in the July 2019 Stormwater Site Plan, in accordance with DOE Manual Minimum
Requirement #7: Flow Control, flow control is not required for projects that discharge directly to an
exempt receiving water, which includes all saltwater bodies. Site runoff will therefore be dispersed
such that the 100-year flow rates will be non-erosive on the existing forested slopes.
The 100-year flow rates for the various lot components is provided in Table A. The required
dispersion trench configurations, for a variety of capture areas while maintaining a discharge flow
velocity less than 0.5 ft/sec, is provided in Table C.
Table C: Dispersion Flow Rates and Resulting Flow Velocities
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As shown in Figure 5, the combined house, garage, and captured driveway is assumed to be
combined and routed to a single trench. A 13-ft wide dispersion trench will spread out the flow such
that the discharge velocity is less than 0.5 ft/sec.
Comment #19 Summary:
1. Ensure on-site stormwater management practices are feasible given the development’s terrain
restrictions and setback requirements.
Lot stormwater management will consist of treating runoff from pollution generating areas
(driveways) and dispersing runoff from all impervious areas. Water quality treatment will be
provided using DOE approved BMPs, of which three are discussed (CAVFS, vegetated filter
strip, and stormwater treatment cartridges). Runoff will be dispersed through the undisturbed
native forest areas at release velocities less than 0.5 ft/sec and/or as directed by geotechnical sitespecific recommendations. Based on this stormwater management strategy, geotechnical
evaluations support this stormwater approach, including the dispersion of runoff onto the site’s
slopes. At the time of a building permit submittal, a site-specific stormwater management plan
will be developed for each lot that will be based on the owner’s chosen lot layout, site terrain,
and geological considerations. Based on this evaluation, each lot is buildable and on-site
stormwater management practices are feasible.
2. Submit plans indicating the preliminary layout for each lot.
The type and locations of homes, garages, and driveways is very difficult to predict given each
lot’s unique characteristics and the unknown home style a future owner will have. Lot 16
provides a good representation of a typical development. Figures 4 and 5 show a proposed lot
layout, with two options for stormwater treatment. Each figure includes the house footprint,
driveway, stormwater treatment facility, and septic drain field, shoreline setback, contours,
directional flow arrows, and slopes. The Option 1 figure shows the location of a vegetated filter
strip and the proposed 130 ft flow path required to obtain the nine-minute travel time through the
native forest for the combined impervious area runoff. The estimated discharge velocity is less
than 0.5 ft/sec. The evaluation of Lot 16 provides good representation of the challenges
associated with the development of each lot and therefore it shows that each lot can be developed
in accordance with stormwater regulatory requirements.
3. The plans and report shall demonstrate that each buildable lot can accommodate the stormwater
from up to 4,000 square feet of hard surface consistent with the DOE stormwater manual.
The stormwater strategy discussed above is based on a total of 5,300 sf of impervious area on
each lot. The presented strategy shows that the lot can support this development. While a
different lot owner may want a different house or driveway configuration, the concept that
stormwater can be treated and dispersed on each lot remains valid. Each lot’s final stormwater
management system will be designed in accordance with a site-specific geotechnical evaluation
and DOE stormwater manual approved BMPs.
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4. Provide geotechnical support for the proposed stormwater drainage BMPs and given locations.
An extensive geotechnical study was performed in 2008 that provides a comprehensive
evaluation of the site conditions. The project’s geotechnical engineer has provided supporting
documentation in his 2018 assessment report and 2019 setback memorandum that states the each
lot is buildable. Based on the site’s forested condition and underlying highly permeable soils,
the geotechnical evaluation also states that, “erosion hazards present at the site can be mitigated
with a combination of shoreline and building setbacks; and geotechnical engineering and site
development best management practices related to grading, erosion control, and drainage.”
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The attached Figure 3, Crossing Culverts Basins, provides the requested basin map.
Roads
Road runoff, except for the areas with curb and gutters, will be treated and dispersed through sheet
flow over the downhill side of each road (on the east side of Road A-South, the west side of Road BSouth and Road A North, and the north side of Road B-North.). As such, there is not a typical
“basin area” for these portions of the road. There are three road areas where there is physically not
enough available area to construct the compost amended vegetated filter strip (CAVFS) without
drastic cuts in the road embankment. In these areas, curbs and gutters will be installed to capture
and route the road runoff to a stormwater filter cartridge system - these areas are identified in Figure
3.
Runoff from the two curb and gutter systems on Road B-South (110 ft and 80 ft long) will be
dispersed on the downhill hillside. Runoff from the Road A-South’s curb and gutter system (585 ft
long) will be discharged into the existing Pleasant Bay Road west side ditch. Since there are existing
roadside ditches that will intercept any offsite flow before it crosses the road, the curb and gutter
systems will only capture the runoff from the road in their respective curb and gutter section. A
WWHM analysis was performed for the 585 ft Road A-South curb and gutter section and a water
quality flow rate of 0.04 cfs (16.3 gpm) was estimated -see the attached Appendix B10 for a copy of
the WWHM analysis results. This will require a two-filter cartridge system. The 100-year
developed flow rate is 0.20 cfs, which is well within the capacity of the existing Pleasant Bay Road
ditch – see response to Comment #23.
Crossing Culverts
As shown in Figure 3, there are nine crossing culverts that will convey offsite runoff under the
project’s roads. The culverts are located at the low points of the road, will convey offsite runoff
captured in the uphill ditch from the contributing offsite basin and convey it under the road to the
downhill slope, and are roughly located at the same location as the existing crossing culverts. A
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typical cross section of the existing roads is shown in the photos below. (Note: photos were taken on
September 29, 2019 after two weeks of unusually heavy rainfall.)
An existing culvert crossing, that conveyed runoff under the road from the east roadside ditch to the
west road slope embankment, was observed.
Eastside culvert:
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Westside Discharge:

As shown in the photos, there is no sign of erosion upstream or downstream of the culverts.
The contributing culvert crossing basins vary in size from 2.72 acres to 7.52 acres. A WWHM
analysis was performed for the largest (7.52 acres) basin and the 100-year flow rate for this offsite
area was estimated at 0.46 cfs – see the Appendix B11for a copy of this analysis. As stated in the
2019 DOE Manual, Volume V, BMP T5.30: Full Dispersion:
From the DOE Manual, page 698:

As shown in the attached Appendix B12 calculations, for the peak 100-year flow rate of 0.46 cfs
released through a 50 ft dispersion trench, the resulting discharge velocity is 0.5 ft/sec. Basins with
smaller contributing areas will have correspondingly shorter trench lengths while maintaining the 0.5
ft ft/sec discharge velocity.
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As shown in the photographs of an existing crossing culvert, there is no sign of erosion at the
culvert’s point discharge on the downhill slope. This is supported by the site’s highly permeable
soils, which allows runoff to infiltrate in the roadside ditches and perhaps runoff never reaches the
crossing culvert. The presence of forest duff, which effectively absorbs and disperses runoff to the
underlying soils, also contributes to the lack of signs of site erosion. The proposed new culverts will
function under the same conditions with runoff infiltrating in the roadside ditch and discharging into
an area covered with forest duff. Actual conditions may not warrant a full 50 ft long dispersion
trench, or any dispersion trench at all. Site-specific conditions at each crossing culverts locations
will be evaluated during the final design process and this information will be used to size and design
each crossing.
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Amanda Heye and Doug Howie at the DOE’s stormwater division were contacted and was asked for
additional information regarding this maximum resultant road slope threshold. Ms. Heye stated the
BMP came from WSDOT and forwarded our request for additional information to Alex Nguyen,
WSDOT’s coordinator for WSDOT’s Highway Runoff Manual (HRM) – see attached Appendix B13
for a copy of the email correspondence. Mr. Nguyen stated that the 9.4% maximum pavement
resultant slope criteria came from the resultant of WSDOT’s assumption of an 8% maximum cross
slope and a 5% maximum longitudinal slope. He referred us to the HRM’s dispersion BMPs FC.01
– Natural Dispersion and FC.02 – Engineered Dispersion, both of which have a 9.4% maximum
resultant slope but neither has a discussion on how this slope was obtained.
Mr. Nguyen also states that, if this was a WSDOT project, we could apply for an HRM deviation.
Consistent with that approach, we are requesting a deviation from this maximum slope criteria. The
attached Figure 6 shows an area on Road B-North where the longitudinal road slope is 15% and the
cross slope is 2% (resultant slope equals 15.1%). Note that this road has ditches on both sides that
will prevent offsite runoff from crossing onto the road and the proposed CAFVS. This figure also
shows the corresponding length of CAVFS (278 ft) and the contributing runoff area (2,782 sf or
0.0639 acres) to this section of the CAFVS.
A WWHM analysis was performed and estimated the 100-year peak runoff flow rate from the road
runoff at 0.0592 cfs – see the attached Appendix B14 for a copy of this analysis. Using the
Manning’s equation provided in the DOE Manual’s BMP T9.40: Vegetated Filter Strip, the flow
depth and velocity were estimated for runoff traveling through 278 ft of the CAFVS for a variety of
resultant slopes. Table D below provides the result of these calculations.
Table D: Velocity of Flows through CAFVS for Varying Slopes
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As shown in this table, the runoff velocity on a 9.4% slope is 0.32 ft/sec, compared to a 15.1% slope
at a 0.37 ft/sec. The estimated runoff velocities are arguably the same and well below an erosive
velocity. As required in the CAFS BMP, a one foot wide gravel strip will be provided between the
edge of the pavement and the CAFVS to minimize the potential of channelization of flow before
entering the CAFVS.
The CAFVS WWHM analysis assumed a 0.25 inches per hour infiltration rate of the native soils.
As discussed in the response to Comment #19, the 2008 AES report estimated an infiltration rate of
15 inches per hour in the weathered Chuckanut Sandy Formation below the forest duff. The forest
duff layer, into which the CAFVS will drain, is assumed to have an infiltration rate equal to the
underlying weathered sandy layer. Therefore, the 0.25 inches per hour long term infiltration rate
used in the WWHM CAFVS analysis for the “Native Infiltration” rate is conservative.
Based on this evaluation the use of the CAFVS for water quality treatment is acceptable for roads
with a 15% longitudinal slope and 2% cross slope. The difference in flow depth and velocity
between the 9.4% and 15.1% resultant cross section slopes is unperceivable and insignificant.
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The proposed development consists of 17 residential lots (16 new, one existing) so the anticipated
vehicle usage on the roads will be minimal. Due to the site topography, the road width is limited
thereby preventing any type of physical barrier to be place in front of the CAVFS. In the event
someone drives onto the CAVFS, it will have to be repaired. A homeowners association will be set
up and be responsible for the required road maintenance, including the regular cleaning of the
crossing culverts. Any damage to a CAFVS section can be repaired by the homeowners association.
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Figure 3: Cross Culvert Basins, shows the locations of the stormwater discharge points and roadside
ditches along Pleasant Bay Road. No new runoff will be redirected to the Pleasant Bay Road ditch.
The only change in the runoff to these ditches will be for the conversion of the site’s gravel road to a
paved road for the section of Road A-South from Sta. 1+00 to Sta 12+00. As in the existing
condition, offsite runoff west of the road traveling east towards the road will be captured in a
roadside ditch and conveyed south to the ditch on the west side of Pleasant Bay Road, south of the
site’s entrance. (The westside Pleasant Bay Road ditch, which drains south, stops on the southside
of the entrance road, and runoff is piped east under the road. A second ditch begins on the north side
of the entrance.)
South of the entrance road, the Pleasant Bay Road crossing culvert conveys the runoff east under the
road and discharges on the road’s east embankment. Runoff continues east and eventually joins the
ditch on the west side of the railroad embankment. This ditch flows north approximately 900 ft
where it returns to the west side of Pleasant Bay Road. A culvert conveys the runoff west back
under Pleasant Bay Road where it joins the ditch on the west side of the road. This ditch on the west
side of Pleasant Bay Road also captures any runoff from the hill slope east of Road A-South and
conveys it to Pleasant Bay.
As discussed in the July 2019 Stormwater Site Plan, there are some sections of the road where the
width is restricted by the adjacent steep slopes and the installation of the CAVFS is not practical. In
these areas curb and gutters will be installed along the down slope side of the road and runoff will be
conveyed to a CONTECH StormFilter cartridge vault for treatment. Approximately 585 feet of the
entrance road will be captured in a curb and gutter system and routed to a two cartridge StormFilter
system. The treatment vault will discharge into the Pleasant Bay Road westside ditch south of the
entrance road. A WWHM analysis was performed for this 585 ft section of road and a flow rate of
0.20 cfs was estimated for the 100-year developed flow – see analysis results in the attached
Appendix B10 A site inspection of this ditch section shows a V-shaped ditch approximately three
feet wide and 1.5 ft to 2 feet deep with an approximate 10% slope. Approximately 350 ft north of
the entrance road the ditch moves west of the road and widens to over 20 feet with a depth over four
ft. The road discharge flow rate at 0.20 cfs will have a nominal effect on the existing ditch. No
modifications to the ditch will be required.
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See the Crossing Culvert discussion in the response to Comment #20.
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Geotechnical Assessment Report
Project and Site Conditions

I. PROJECT AND SITE CONDITIONS
1.0 INTRODUCTION
This geotechnical assessment report presents a general summary of the geology and geologic
hazards of the project area located on Pleasant Bay Road in Whatcom County, Washington.
Preliminary geotechnical conclusions regarding the currently planned development relative to
these existing site conditions are also provided. This assessment is based on our review of
previous studies by Associated Earth Sciences, Inc. (AESI) on the property since 2006. The
location of the site, relative to surrounding physical features, is shown on the “Vicinity Map,”
Figure 1. Existing site physical features and the general location of the proposed on-site
development features, as well as the surface geology of the property, are shown on the “Site
Explorations, Geology, and Proposed Development Layout,” Figure 2.
1.1 Purpose and Scope
The purpose of this study was to provide an assessment of the geology and geologic hazards to
be used in the preliminary planning and development of the project. Our study included
reviewing available geologic literature and a brief geologic reconnaissance of the areas of the
currently planned development.
1.2 Authorization
Our work has been accomplished in general accordance with our scope of work letter, dated
August 31, 2018. This report has been prepared for the exclusive use of Rimland Pacific, Inc.
and their agents for specific application to this project. Within the limitations of scope,
schedule, and budget, our services have been performed in accordance with generally accepted
geotechnical engineering and engineering geology practices in effect in this area at the time our
report was prepared. No other warranty, express or implied, is made.
2.0 PROJECT AND SITE DESCRIPTION
The proposed Governors Point Long Plat development encompasses portions of the
approximately 126-acre physiographic area referred to as Governors Point in Whatcom County.
Governors Point is a roughly northwest-southeast-trending peninsula located approximately
3 miles south of the city of Bellingham and roughly 6 miles east of Eliza Island. The Governors
Point project site occupies most of the southwestern half of Governors Point and one small
area in the central portion of the northeast side of the peninsula. Governors Point is
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surrounded on the north and east by Chuckanut and Pleasant Bays and on the south and west
by Samish Bay (Figure 2). The majority of the shoreline is composed of low, relatively steep
bedrock slopes, with the exception of a portion of the northeastern shoreline, which is
composed of a high, near-vertical bedrock slope. The project site is bordered on the southeast
by lightly developed single-family residential property. The western flank of the generally
north-south-trending Chuckanut Mountain is located approximately 1 mile to the east of
Governors Point.
Access to the project site is via a small gravel road that enters the site on the east from Pleasant
Bay Road. A single-family residence is located along the southwest shoreline of the property
and several relatively unimproved dirt roads provide access to much of the site (Figure 2). We
understand that the single-family residence has been the only home on the project site for
several decades. The remaining portion of the site is undeveloped and forested with a
relatively thick cover of deciduous and evergreen trees.
The project site is located on the western margin of Chuckanut Mountain within what is
generally referred to as the Puget Lowland. Chuckanut Mountain extends from just south of
the city of Bellingham to the Samish River valley and rises to elevations in excess of 3,000 feet
above mean sea level. The topographic surface of Chuckanut Mountain and the project site
have been formed into a series of elongate northwest-southeast-trending hills and swales that
are ground surface reflections of the complex geologic structure of the underlying Eocene-age
bedrock (Chuckanut Formation).
Governors Point is an approximately 4,500-foot elongate bedrock ridge that forms a peninsula
extending northwestward into Chuckanut, Pleasant, and Samish Bays. A roughly east-westtrending swale forms a general topographic boundary between Governors Point and the
mainland area. A second generally east-west-trending shallow swale bisects the peninsula
forming two relatively broad sloping uplands that comprise most of the north and south
portions of the site. The ground surface along the crest of the upland areas is generally gently
sloping with elevations that do not exceed about 270 feet above mean sea level.
With the exception of the southeast boundary of the project site, near where the Governors
Point peninsula connects with the mainland, the ground surface topography around the
margins of the peninsula drops rapidly over short distances into the surrounding seawater
bodies, forming a shoreline that consists of relatively steep wave-cut cliff faces, rocky slopes,
and localized beach areas. Much of the project site shoreline consists of a 20- to 50-foot-wide
wave-cut platform that extends landward to wave-cut cliff faces that are typically less than
20 feet in height. The wave-cut cliff faces are generally near vertical and in many places
undercut to depths of up to 5 feet resulting in exposed overhanging rock.
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Based on communications with the project team and review of the “Governors Point Long Plat
Lot Layout Sketch” (Sheet EX-1) prepared by Ronald T. Jepson & Associates, dated August 15,
2018, AESI understands the currently planned development includes seventeen residential lots
situated along the southwestern side of the Governors Point peninsula and one residential lot
located on the northeastern side of the peninsula as shown on Figure 2. One 2,500-square-foot
(sf) residential structure is planned on each lot. Seven additional future residential lots are
planned within the south-central uplands portion of the property.
3.0 DATA REVIEW AND PREVIOUS STUDIES
In preparation of the geotechnical assessment report, AESI reviewed available soil,
groundwater, and geologic data by AESI and others. A general summary of the most pertinent
information reviewed is provided below.
Publically available geologic maps published by the United States Geological Survey
(USGS) and the Washington State Department of Natural Resources (WDNR), Division of
Geology and Earth Resources.
Well records of on-site water supply wells.
Aerial photographs of the project site and vicinity.
Proposed project layout information prepared by Ronald T. Jepson and Associates, Inc.
Technical reports prepared by AESI including:
“Draft Existing Geologic/Hydrogeologic Site Conditions, Governors Pointe,
Whatcom County, Washington,” dated October 7, 2008.
“Well Testing, Governors Point, Whatcom County, Washington,” dated
December 30, 2014.
Report - “Adequate Water Supply Assessment, The Pointe at Governors Point,
Whatcom County, Washington,” dated February 10, 2017.
Other documents reviewed during AESI’s previous studies referenced above include:
Investigations by Golder Associates (1991) and Rittenhouse-Zeman & Associates
(1991) specifically to evaluate slope stability and associated potential site
development issues.
Orcas Sewage Design (2006) completed numerous shallow soil explorations at
the site in support of their design of the on-site sewage treatment/drainfield
disposal system.
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4.0 PREVIOUS FIELD STUDIES AND GENERALIZED GEOLOGIC CONDITIONS
4.1 Summary of Previous Field Studies
AESI conducted several types of field exploration activities on the Governors Point peninsula
(including the current project site) during our previous studies including: 1) reconnaissance of
current site geologic/hydrogeologic conditions and bedrock fracture mapping; 2) excavation
and sampling of 66 exploration pits; 3) drilling of three exploration borings (borings were
completed as monitoring wells; 4) geophysical analyses of the borings; 5) aquifer testing;
6) infiltration testing; and 7) groundwater level monitoring. Our previous field investigation
activities were performed between May and August 2006. Groundwater monitoring was
completed between July 2006 and December 2007. A brief description of our previous field
investigation activities is presented below.
AESI investigated on-site surface geologic conditions and evaluated the character of the
bedrock exposed at the site by completing a geologic reconnaissance of the site and shoreline,
and mapping bedrock fracture patterns (bedding and jointing) during several site visits
conducted in May through August 2006. Surface and shallow subsurface soil conditions at the
site were assessed by monitoring the excavation of 66 exploration pits (EP-1 through EP-64, IT-1
and IT-2) at the locations shown on Figure 2. An AESI geologist observed all excavation and
backfilling activities. Subsurface bedrock conditions at the site were further evaluated by
drilling three exploration borings and completing each boring as a monitoring well (MW-1,
MW-2 and MW-3). The locations of the exploration borings/monitoring wells are shown on
Figure 2. The borings were drilled between June 27 and July 7, 2006, using track-mounted
drilling equipment under subcontract to AESI. The wells were drilled and installed under the
full-time observation of an AESI geologist. Downhole geophysical analyses were performed in
the bedrock portion of each boring by a subcontracted geophysical consultant. The geophysical
evaluation was used to characterize the degree of rock lithology, rock fracturing, bulk
permeability, and potential zones of groundwater flow. Rising head aquifer tests were
conducted in two of the monitoring wells to evaluate bulk hydraulic conductivity of the
fractured bedrock. Field infiltration rates were measured in two exploration pits in a manner
that generally corresponded to the procedure described as a pilot infiltration test in the 2005
Washington State Department of Ecology (Ecology) Stormwater Management Manual for
Western Washington (Ecology Manual). The tests were performed in order to evaluate the
infiltration capacity of the near-surface soils. Groundwater levels in the monitoring wells were
monitored from July 18, 2006 to November 14, 2007 using downhole pressure transducer/data
logger systems. Depths to groundwater in the monitoring wells were also measured by hand
periodically starting shortly after the wells were installed through November 2007. The
groundwater level data were used to evaluate groundwater flow direction and gradient in the
bedrock aquifer.
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4.2 Geology
4.2.1 Regional Geology
The Governors Point and Chuckanut Mountain areas are underlain by Tertiary-age Chuckanut
Formation bedrock. The Chuckanut Formation is generally comprised of arkosic sandstone,
conglomerate, siltstone, mudstone, and some minor coal beds. The Chuckanut Formation has
been divided into seven distinct members (Bellingham Bay, Governors Point, Padden, Slide,
Maple Falls, Warnick, and Bald Mountain). Only the Bellingham Bay and Governors Point
members are present beneath the project site (Tcg and Tcb on Figure 2). The Bellingham Bay
member consists of vertically stacked, fining-upward cycles of meandering-river sediments.
The cycles are composed of lower coarse-grained arkosic sandstone and conglomerate and
upper fine-grained units consisting of mudstone with some coal. The Governors Point member
stratigraphically overlies the Bellingham Bay member and consists of arkosic sandstone and
metagraywacke-rich conglomerate. The contact between Governors Point and Bellingham Bay
members traverses the project site in a rough northeast-southwest direction (Figure 2).
Following deposition, the Chuckanut Formation was deformed into a series of northwestplunging anticlines and synclines. Based on the studies by others, it appears that the Governors
Point area is located on the southwest limb of a northwest-plunging syncline, which has a hinge
line located approximately ¾ mile northeast of the project site.
The Chuckanut Formation is locally overlain by several feet of Quaternary sediments that were
deposited during several glacial and nonglacial intervals that occurred repeatedly during the
past 2.4 million years in the low-lying region between the Cascade and Olympic mountains.
During glacial periods, the southwestern margin of the Cordilleran Ice Sheet flowed
southeastward from British Columbia into the Puget Lowland of Western Washington.
Sediments from the most recent advancement of the Cordilleran ice sheet (Fraser Glaciation)
are widely exposed at the surface in western Whatcom/Skagit Counties and in the Puget
Lowland.
The Fraser Glaciation consisted of multiple stades (episodes of glacial advance) and interstades
(episodes of glacial retreat). The near-surface sediments located in Skagit/Whatcom Counties
are dominated by deposits of the: 1) Vashon Stade, which represented the maximum advance
of the Cordilleran Ice Sheet during the Fraser Glaciation; 2) the Everson Interstade, a period of
glacial retreat; and 3) the younger Sumas Stade, a minor period of glacial advance. Initial
climatic cooling and growth of ice masses in British Columbia began as early as 30,000 years
before present (ybp), but the ice maximum during the Vashon Stade did not occur until
approximately 14,000 to 15,000 ybp. At the maximum Vashon Stade extent, the Puget Lobe of
the Cordilleran Ice Sheet extended a few miles south of Olympia, Washington. The ice is
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interpreted to have reached a thickness of about 4,000 to 5,000 feet near Bellingham and
roughly 3,000 feet near Redmond, Washington.
Several sediment types reflecting different depositional environments of the Vashon Stade are
exposed in the Skagit/Whatcom County region. High-energy glaciofluvial sands and gravels
(advance outwash deposits) accumulated in glaciofluvial environments (meltwater streams)
that formed in front of the advancing Vashon glacier. The advance outwash deposits consist
predominantly of sand and gravel with various amounts of silt. As the Vashon glacier spread
into the region, the advance outwash sediments were overrun and overconsolidated by
approximately 4,000 to 5,000 feet of ice. Lodgement till was deposited at the base of, and
subsequently overrun by, the advancing Vashon ice sheet. As a result, this material has been
glacially consolidated into a dense condition. Lodgement till generally consists of a complex
mixture of sand, gravel, and silt. Recessional outwash sediments stratigraphically overlie the
lodgement till and consist of sand, gravel, and silt/clay deposited during rapid deglaciation.
Recessional outwash deposits were deposited by meltwater streams emanating from the
retreating ice mass and typically were deposited in swales and low-lying areas. Vashon advance
outwash, lodgement till, and recessional outwash were not observed to be present on the
Governors Point peninsula during our previous studies.
During late stages of deglaciation (12,500 to 10,000 ybp) the Cordilleran Ice Sheet thinned and
retreated northward. This period of ablation (melting) of the ice sheet is termed the Everson
Interstade. The retreat of the Cordilleran Ice Sheet rapidly increased when the ice sheet
vacated the Strait of Juan de Fuca around approximately 12,500 ybp and marine waters entered
the Puget Lowland. Shortly after the removal of the ice sheet from the Strait of Juan de Fuca,
much of the retreating glacial ice in western Skagit and Whatcom Counties floated on the influx
of marine waters. As the floating ice retreated it deposited a thick layer of glaciomarine
sediments (Everson Interstade sediments). The glaciomarine sediments deposited during the
Everson Interstade include: 1) glaciomarine drift (Qgdme) consisting of poorly sorted/
compacted silty sand gravelly clay, clayey gravel diamicton and moderately sorted sandy silt
and clay; 2) fluvial-deltaic-turbiditic glaciomarine outwash (Qgome) that typically consists of
loose sand and gravel with minor interlayered silts and silty sands; and 3) emergence (beach)
deposits (Qgomee), which generally occurred as massive laminated loose sand and gravel
deposits associated with wave-cut terrace.
During the Sumas Stade (approximately 12,000 to 10,000 ybp) the Cordilleran Ice Sheet
re-advanced crossing into Whatcom County near the city of Sumas. The Sumas glacier
advanced to the south and west as far as the city of Ferndale by roughly 11,600 to 11,400 ybp
depositing a blanket of fluvial and deltaic outwash sand and gravel in portions of western
Whatcom and northwestern Skagit Counties. Sumas Stade sediments were not encountered
during our previous studies of the Governors Point peninsula.
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The project site-specific Fraser-age deposits are described in greater detail in Section 4.2.2,
“Project Geology.”
4.2.2 Project Geology
Geologic conditions at the project site were evaluated using: 1) previous data obtained from
AESI’s fieldwork; 2) data obtained from previously completed evaluations of the site; and
3) AESI’s review of regional geologic maps and documents. Figure 2 presents a surficial geologic
map of the project site. The geologic contacts presented on the maps are generally dashed,
indicating that they are approximately located based on previously collected field data.
The topography of the upper surface of the Chuckanut Formation was evaluated based on
exposures of bedrock observed at the project site and the depths to bedrock encountered in
the on-site explorations. Two bedrock topographic highs located along the center line of
Governors Point and separated by a shallow swale are present on the project site. The bedrock
topographic high in the southern portion of the site reaches a maximum elevation of
approximately 260 feet and the bedrock topographic high located in the northern portion of
the site reaches a maximum elevation of approximately 240 feet (Figure 2). The generally
east-west-trending swale in the top of the bedrock surface that separates the two topographic
highs reaches a maximum elevation of approximately 140 feet (Figure 2).
Five stratigraphic units were identified and delineated on the geologic map previously prepared
during our site-specific studies. The following sections describe the stratigraphic units shown
on the surficial geologic map in order from youngest to oldest.
Recent Colluvium - Qc
Recent sediments at the project site consisted of colluvial sand, gravel, and boulders in localized
areas (Figure 2). Colluvium was encountered in several of our previous explorations within the
current project area. Where encountered, the colluvium consisted of a relatively thin veneer of
medium dense sand and gravel with large angular blocks of Chuckanut Formation sandstone.
Colluvium consists of material that was eroded from upslope sediment and bedrock deposits
and subsequently re-deposited. The thickness of this unit is interpreted to be generally less
than 5 feet and the deposits are of very limited aerial extent but are expected to be present in
other areas of the site away from our previous explorations.
Everson Interstade Deposits
The Everson Interstade began when the Vashon glacier began retreating from the Puget
Lowland approximately 12,000 to 15,000 years ago. Two units (glaciomarine drift and marine
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outwash) have been identified on the project site that were deposited during the geologic
period known as the Everson Interstade. The Everson glaciomarine drift and marine outwash
accumulated in a marine environment located beneath and proximal to the melting/retreating
Vashon glacier. Relatively thick sequences of Everson Interstade sediments are located over
approximately 40 percent of the Governors Point peninsula, primarily in the upland areas in the
north and central portions of the project site. The Everson Interstade sediments are a
maximum of approximately 50 feet thick in the northern portion of the site.
Glaciomarine Outwash - Qgome
Glaciomarine outwash was encountered in numerous explorations completed within the
topographically higher elevations of the Governors Point peninsula. Based on our
previous explorations, the glaciomarine outwash appears to be present in only a very
limited portion of the current project area in the vicinity of Lots D through G. The
glaciomarine outwash generally consists of moist to saturated, medium dense, yellowish
brown to brown sand with varying amounts of sand, gravel, and silt. The thickness of
the glaciomarine outwash beneath the site was highly variable, ranging from zero (not
present) to a maximum of slightly greater than 10 feet.
Glaciomarine Drift - Qgdme
Glaciomarine drift was encountered in many of our previous explorations completed
within topographically higher elevations of the Governors Point peninsula. Based on our
previous explorations, the glaciomarine drift appears to be present predominantly in the
central and northern portions of the current project area. The glaciomarine drift
generally consisted of moist to saturated, loose to medium dense, gray to gray-blue silt
and clay with varying amounts of sand and gravel. The thickness of the glaciomarine
drift beneath the site was highly variable, ranging from zero (not present) to a maximum
of approximately 20 feet.
Chuckanut Formation - Governors Point Member (Tcg)
The Governors Point member of the Chuckanut Formation was encountered in exploration pits
and mapped along the shoreline in the northern half of the Governors Point peninsula and is
anticipated to be encountered within the northern two-thirds of the lots within the current
project area along the western side of the peninsula. The Governors Point member generally
consists of jointed, medium gray, fine- to medium-grained arkosic sandstone with common
cross-bedding and is a massive medium gray conglomerate. Honeycomb weathering was
common on exposed surfaces of the Governors Point member, particularly where it outcropped
on the northern shoreline of the peninsula. Similar to the Bellingham Bay member, most of the
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fractures observed in the Governors Point member exposed in the exploration pits, borings,
and at the ground surface were partially or completely filled with secondary calcite deposits.
Chuckanut Formation - Bellingham Bay Member (Tcb)
The Bellingham Bay member of the Chuckanut Formation was encountered in AESI’s previous
explorations and in exposures along the coast line in the southern half of the Governors Point
peninsula and will likely be encountered within the southern lots of the project area (Figure 2).
The Bellingham Bay member encountered at the project site consists of jointed, medium gray
to grayish black, fine-grained mudstone with some thin coal seams and plant fossils. The
mudstone also contained some light gray, fine-grained micaceous sandstone that was typically
cross-bedded, distorted, and laminated. Most of the fractures observed in the Bellingham Bay
member in the exploration pits, borings, and at surface exposures were partially or completely
filled with secondary calcite deposits.
4.2.3 Hydrology
Groundwater is present in the pore spaces of sediments and in the bedrock fracture systems on
the project site. This “groundwater” is part of the continuous hydrologic cycle which, in the
natural state, begins with infiltration of precipitation and runoff (recharge) and ends with either
direct discharge to the surrounding saltwater bodies or indirectly via springs and seeps.
Groundwater under saturated conditions flows preferentially through materials with greater
porosity and permeability, such as clean gravels and sands. Where geologic conditions limit
discharge, groundwater accumulates in permeable zones, which, if they can support production
from wells, are termed “aquifers.”
Based on the information obtained to date, it appears that groundwater at the site generally
occurs as shallow, localized interflow either on top of the glaciomarine drift or in the upper
weathered portion of the bedrock, and in fracture systems in the underlying Chuckanut
Formation bedrock. These two principal groundwater “regimes” at the project site are
described below.
Interflow
A poorly developed and localized shallow interflow zone was observed in some of our
explorations completed on the Governors Point peninsula. The interflow system consists of
precipitation that percolates down through the relatively permeable, surficial weathered
glaciomarine drift, marine outwash, and/or weathered bedrock and becomes perched atop the
underlying, lower-permeability, unweathered glaciomarine drift and/or bedrock. It should be
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noted that due to the land surface and bedrock topography of the project site it is likely that
recharge to the shallow interflow zone is totally derived from the infiltration of precipitation
that falls directly on the project site. Therefore, the groundwater hydrology of the site is totally
controlled by on-site processes.
Water in the interflow zone moves downslope at rates strongly influenced by the hydraulic
conductivity of the soil and to a lesser extent, by macro-pores in the soil created by animals and
rotting root structures. The interflow direction generally mimics the slope of the land surface
and conforms to the topography of the top of the underlying glaciomarine drift or bedrock.
Consequently, shallow groundwater interflow generally flows in a radial pattern away from the
two upland areas on the peninsula forming a groundwater divide that bisects Governors Point
in a rough north-south direction. The interflow at the site ultimately discharges as transpiration
by plants, vertical recharge to fracture systems in the underlying bedrock, shallow subsurface
flow to the intermittent stream located along the southeast boundary of the site, and/or as
springs and seeps located along the perimeter of Governors Point.
Much of the discharge from the interflow zone occurs during the summer by transpiration of
plants, whose roots penetrate the soil horizon. It should be noted that thickness of the
interflow network will fluctuate due to the time of year and amount of annual precipitation. In
areas where a more permeable parent material is present, such as areas with some marine
outwash overlying either glaciomarine drift or bedrock, several feet of groundwater may
accumulate. However, the vast majority of explorations completed on the peninsula did not
encounter a saturated interflow zone on top of the low-permeability glaciomarine drift or
bedrock. Therefore, it is likely that there is no interflow zone over most of the project site. It is
also likely that, where present, the interflow zone is very discontinuous and is generally not
active during prolonged periods of dry weather.
Bedrock Aquifer
Groundwater was encountered in fracture systems of the underlying Chuckanut Formation
bedrock in monitoring wells completed at the site. Flow through fractured rock is highly
anisotropic (preferential orientation), controlled by discontinuities in the rock mass.
Discontinuities include fractures (joints), faults, bedding planes, and other geological
discontinuities. Groundwater preferentially flows through open fractures and other permeable
discontinuities. Typically, most of the flow is through only a small percentage of the total
fracture set. Similar to the interflow system, recharge to the bedrock aquifer appears to be
primarily from vertical recharge on the project site.
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Discharge from the bedrock aquifer occurs where saturated fractures daylight at the ground
surface around the perimeter of the project site or more often where the fractures are in direct
hydraulic connection with Samish, Pleasant, and Chuckanut Bays.
4.2.4 Surface Soils
Physical and chemical weathering of surficial glacial deposits has resulted in the formation of
the surface soils on the project site. Surface soils data were obtained from the U.S. Department
of Agriculture (USDA) Natural Resources Conservation Service (NRCS) soil survey of Whatcom
County. Individual soil units have been mapped by the NRCS on orthophotoquads of the site.
The five factors typically used to define the type, characteristics, and formation of specific soils
are: 1) parent material; 2) climate; 3) topography; 4) organisms (biota); and 5) time. The soils
of the project site formed over young glacial deposits and/or bedrock, and have not had
sufficient time to develop the deep weathering profiles present in soils in unglaciated terrains.
Instead, they exhibit a direct relationship to the underlying parent material, local climate,
topography, and vegetation. The soil characteristics for the on-site soils are summarized in
Table 1 and are described in greater detail below.
Table 1
Summary of NRCS Soils Types

Soil Name
Nati Loam (108)
Nati Loam (109)
Nati Loam (110)

USDA Textural Classification
Loam
Loam
Loam

Percent
Slope
5 to 15
15 to 30
30 to 60

Runoff Rate
Slow
Slow
Medium

Erosion Hazard
Slight
Slight
Moderate

USDA = U.S. Department of Agriculture

Nati Series
The Nati Series is composed of moderately deep, well-drained soil that generally forms on
foothill backslopes and toe slopes. It generally forms on colluvium and slope alluvium with an
admixture of volcanic ash and glacial drift, with the colluvium being derived from Chuckanut
Formation sandstone, siltstone, and mudstone, and having a strongly consolidated substratum.
The Nati soil is characterized by dark brown to yellowish brown loam developed over a
substratum of Chuckanut Formation sediments and/or glacial drift.
Nati Loam (108) forms 5 to 15 percent slopes and consists of gently rolling soil. Permeability in
the Nati Loam (108) is moderately rapid in the surface layer and subsoil, becoming very slow to
nil in the underlying glacial drift and/or Chuckanut Formation, where groundwater has a
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tendency to perch and form an interflow groundwater regime during winter months. Runoff is
slow, and the erosion hazard is slight for sheet and concentrated flow. This is the dominant soil
type in the upland area located in the southern half of the project site.
Nati Loam (109) forms on 15 to 30 percent slopes and is present on the moderately steep
portions of the site. The physical characteristics of this soil phase are similar to Nati Loam
(108).
Nati Loam (110) forms on 30 to 60 percent slopes and is present on the steeper portions of the
site, specifically along the northern and northeastern shoreline. The physical characteristics of
this soil phase are similar to Nati Loam (108 and 109); however, the erosion potential is higher
due to the steeper slopes, as described in Section 5.3, “Erosion Hazards and Mitigation,” of this
report (Table 1).
5.0 GEOLOGIC HAZARDS
The following discussion of potential geologic hazards is based on the geologic conditions as
observed and discussed herein.
Current Whatcom County Code (WCC) regarding geologic hazards are described and delineated
in the Whatcom County Critical Areas Ordinance (CAO,) Title 16 – Chapter 16.16, published by
Whatcom County Planning and Development Services dated October 10, 2018. The geologic
hazards identified in the CAO that are relevant to the project site include erosion, landslide,
seismic, and tsunami hazards. For the purposes of our hazards evaluation, we have used the
current Whatcom County Geologic Hazards CAO as a general guideline for evaluating potential
on-site geologic hazards, as described in the following sections of this report.
5.1 Landslide Hazards and Mitigation
Generally, there are two types of landslides that commonly occur in the Puget Sound region.
The first type is termed earth slump or slump-earth flow. This type of earth movement is
deep-seated and usually involves the regolith (topsoil and weathered zone) and the underlying
sedimentary units. Slides of this type can be very large and may require costly stabilization
measures. The second type is termed debris slump, rock falls, or debris flow and usually
involves the upper few feet of the regolith. This type of slide is very dependent on the moisture
content and weathering characteristics of the sediment. Slides of this type are typically
triggered by groundwater seepage, oversteepening of slopes by erosion, or movement of
saturated sediments on steep slopes.
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According to WCC 16.16.310(C)1, Landslide Hazard Areas “shall include areas susceptible to
landslides because of any combination of bedrock, soil, slope (gradient), slope aspect, structure,
hydrology, or other physical factors.” The WCC further divides landslide hazard areas into
“Potential Landslide Hazard” and “Active Landslide Hazard” areas.
Potential landslide hazard areas will exhibit one or more of the following characteristics:
1. Slopes between 15 and 35 percent that have a relatively permeable geologic unit
overlying a relatively impermeable unit and have springs or groundwater seeps.
2. Slopes exceeding 35 percent with a vertical relief of ten or more feet except areas
composed of competent rock.
3. Potentially unstable slopes resulting from rapid river or stream incision, river or stream
bank erosion, or undercutting by wave action. These include slopes exceeding 10 feet in
height adjacent to streams, lakes, and coastal shorelines and with more than a
35 percent gradient.
4. Areas that have shown evidence of historic failure or instability, including, but not
limited to, back-rotated benches on slopes; …and areas that have toppling, leaning, or
bowed trees caused by ground surface movement.
5. Areas that show past sloughing or calving of bluff sediments, resulting in a vertical or
steep bluff face with little or no vegetation.
6. Slopes that are parallel or subparallel to planes of weakness (such as bedding planes,
joint systems, and fault planes) in subsurface materials.
7. Slopes having gradients steeper than 80 percent subject to rock fall during seismic
shaking.
8. Areas that are at risk of mass wasting due to seismic forces.
9. Areas of historical landslide movement.
Active landslide areas are defined by Whatcom County as areas that exhibit the characteristics
of potential landslide areas and have been determined through geologic assessment to be
presently failing or very likely to fail in the near future. AESI’s past studies have delineated
portions of the Governors Point peninsula into Potential Landslide Hazard Areas which includes
areas that meet one or more of the WCC 16.16.310C1 criteria described previously, and Active
Landslide Hazard Areas. Active landslide hazard areas were identified on the peninsula as areas
that have exhibited signs of recent on-going slope failures/rock falls. This assessment report
provides a general summary of landslide risks associated with the currently planned
development as discussed below.
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5.1.1 Potential Landslide Hazard Areas
Based on our previous studies, Potential Landslide Hazard areas are present within all of the
lots planned along the western side of the Governors Point peninsula and within sloping areas
north and south of the one lot located in the east-central portion of the peninsula. These areas
include steep slopes (greater than 35 percent with a vertical relief of ten feet or more); areas of
observed bowed trees; areas of shallow soil creep areas; a general area where the bedrock
bedding dips parallel to the ground surface; and areas of the shoreline exhibiting
oversteepened wave-cut slopes.
It is likely that much of the Potential Landslide Hazard areas are underlain by “competent”
Chuckanut Formation bedrock at a shallow depth below the ground surface. The presence of
“competent” bedrock beneath the areas that were delineated based only on having a slope
“exceeding 35 percent with a vertical relief of ten (10) or more feet” would exclude these areas
from the delineated potential landslide hazard areas.
5.1.2 Active Landslide Hazard Areas
Based on our previous site observations the slopes on the project site appear to have a low risk
of movement in their current configuration and show no obvious indications of recent deepseated instability. However, one area was identified that appeared to include a relatively
recent rock fall deposit. The identified rock fall area includes two localized areas that overlook
Samish Bay in the northern half of the lots along the western side of the peninsula.
It is our opinion that the on-site soils and bedrock appear to be generally stable and, with the
exception of some localized areas noted above, the landslide hazard potential at the site is low.
Furthermore, with respect to landslide hazards, the lots at the Governors Pointe site are likely
buildable according to their current configuration, and the identified landslide hazards can be
mitigated with a combination of shoreline and building setbacks, and geotechnical engineering
and site development best management practices (BMPs) related to grading, erosion control,
and drainage. Lots located in the Potential Landslide Hazard areas may require further sitespecific technical evaluation to develop adequate mitigation, if needed, prior to construction.
Lots that include Active Landslide Hazard areas will require further site-specific technical
evaluation to develop adequate mitigation, prior to construction.
5.2 Seismic Hazards and Mitigation
Earthquakes occur regularly in the Puget Lowland. The majority of these events are small and
are usually not felt by people. However, large earthquakes do occur, as evidenced by the 1949,
7.2-magnitude event; the 1965, 6.5-magnitude event; and the 2001, 6.8-magnitude event. The
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1949 earthquake appears to have been the largest in this region during recorded history and
was centered in the Olympia area. Evaluation of earthquake return rates indicates that an
earthquake of the magnitude between 5.5 and 6.0 is likely within a given 20-year period.
Generally, there are four types of potential geologic hazards associated with large seismic
events: 1) surficial ground rupture, 2) seismically induced landslides, 3) liquefaction, and
4) ground motion. The potential for each of these hazards to adversely impact the proposed
project is discussed below.
5.2.1 Surficial Ground Rupture
Ground rupture associated with earthquakes generally occurs as offsets of the ground surface
and are usually limited to the immediate area of the fault. The USGS identifies several major
faults in the vicinity of the site. The Devils Mountain Fault Zone, Strawberry Point, and Utsalady
Point Faults are located roughly 20 to 25 miles south of the site. Recent studies by the USGS
suggest the Darrington Devils Mountain Fault Zone (DDMFZ) is also seismically active. The
DDMFZ includes two east-west-trending fault segments, the Strawberry Point Fault and
Utsalady Point Fault (UPF), located within the southern half of the DDMFZ. These faults are
thought to be structurally connected to the DDMFZ at depth based on marine seismic reflection
surveying in the Strait of Juan de Fuca. The UPF is considered to be an active fault based on
findings from fault trenching on a scarp identified by Light Detection and Ranging (LIDAR)
imagery. Published studies indicate at least one and probably two Holocene earthquakes of
magnitude 6.7 or more on the UPF, the most recent one between AD 1550 to 1850.
The site is also located within 3 miles of the southern edge of the Bellingham basin which is a
tectonically active (deformation within the last 11,000 years) fault-bounded basin that extends
from just south of Bellingham, Washington to north of the U.S.-Canadian border to Vancouver,
British Columbia. Recent studies of the several faults within the Bellingham basin by the USGS
identified evidence of Holocene activity. These studies present evidence of on-going Holocene
deformation (faulting) within the Bellingham basin along three generally northwest-trending
faults. The evidence includes aeromagnetic lineaments, scarps, and uplifted beach terraces
identified using LIDAR imagery, and paleoseismic investigations. The southeastern end of one
of the mapped fault traces (the Sandy Point Fault) projects less than approximately 2 miles to
the northeast of the site. The study infers that three co-seismic uplift events have occurred
related to the Sandy Point Fault within the last 6,000 years, the last occurring around 1,700 to
2,000 years ago. The earthquake recurrence interval is currently unknown but is suspected to
be on the order of a couple thousand years.
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The recognition of the faults described above is relatively new, and data pertaining to them are
limited with the studies still ongoing. No evidence of surficial ground rupture associated with
active faulting was observed at the project site. Due to the suspected long recurrence interval
and the distance from known mapped active fault traces, the potential for surficial ground
rupture associated with active faulting at the site is considered to be low during the expected
life of the proposed structures, and no mitigation efforts beyond complying with the 2015
International Building Code (IBC) are recommended.
5.2.2 Seismically Induced Landslides
Earthquake vibration may cause unstable material to fail by influencing existing planes of
weakness within bedrock (such as bedding and/or jointing planes) or within unconsolidated
material. No evidence of seismically-induced landslides from recent large-scale earthquake
events have been observed on the project site during AESI’s previous studies. The risk of
seismically-induced landslides occurring is interpreted to be low across the project site.
However, the risk of seismically-induced rock falls would be higher along the shoreline of the
site where slopes exceed 40 percent.
It is our opinion that, with respect to seismic hazard potential, the lots at the Governors Point
site are likely buildable according to their current configuration, and that seismic hazards
present at the site can be mitigated with a combination of shoreline and building setbacks, and
geotechnical engineering and site development BMPs related to grading, erosion control, and
drainage.
5.2.3 Liquefaction
Based on the results of our previous field studies, our experience with similar soil and rock
types, and our understanding of the regional seismicity, it is our opinion that the potential for
liquefaction of the soils underlying the project site is low.
5.2.4 Ground Motion
Seismic design of the project should follow the 2015 IBC guidelines. Seismic site class selection
is outlined in American Society of Civil Engineers (ASCE) 7 10. In our opinion the subsurface
conditions at the site are consistent with a Site Classification of “A” as defined in the referenced
documents.
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5.2.5 Tsunami and Seiche Hazard Area
Whatcom County Planning and Development Services defines tsunami hazard areas as “coastal
areas and lake shoreline areas susceptible to flooding, inundation, debris impact and/or mass
wasting as a result of coastal wave action generated by seismic events.”
Whatcom County CAOs indicate that the maximum tsunami wave height for the Governors
Point area is approximately 2 meters (6.5 feet). As previously discussed, the shoreline of
Governors Point is generally comprised of relatively steep exposures of Chuckanut Formation
bedrock. It is our opinion that, with respect to tsunami hazard potential, the lots along the
western side of the Governors Point peninsula are likely buildable according to their current
configuration, and that tsunami hazards present at the site can be mitigated with a
combination of shoreline and building setbacks, and geotechnical engineering and site
development BMPs related to grading, erosion control, and drainage.
5.3 Erosion Hazards and Mitigation
According to WCC 16.16.310, Erosion hazard Areas include:
a. Surface erosion areas, which are slopes greater than 15 percent with soils identified
by the Natural Resources Conservation Service as having a “severe” or “very severe” rill
and inter-rill erosion hazard because of natural characteristics, including vegetative
cover, soil texture, slope, gradient, and rainfall patterns, or human-induced changes to
natural characteristics; and
b. Coastal and riverine erosion areas, which are subject to impacts from lateral erosion
related to moving water such as river channel migration and shoreline retreat. This
includes the channel migration zone (CMZ) and the anticipated slope/bank failures and
landward retreat resulting from erosion and erosion along other features that
concentrate surface water flows; provided, that channel migration zones apply only to
those watercourses where detailed CMZ studies have been completed. Areas that are
identified as potential channel migration hazards based on sound scientific evidence,
but which are pending further study, may be designated by the county council as
interim channel migration zones until such studies are complete. Additional CMZs may
be regulated as erosion hazard areas as new information becomes available, accepted
and adopted by Whatcom County.
As discussed previously in Section 4.2.4, most of the site is covered with Nati Loam Series soil.
Chuckanut Formation bedrock is generally exposed at the ground surface of the site in areas
where the Nati Loam is absent. The on-site Chuckanut Formation is comprised of a competent
sandstone and mudstone. Consequently, the on-site Chuckanut Formation has a low erosion
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potential. According to NRCS, the erosion potential for the Nati Loam on slopes less than
30 percent is slight and moderate for slopes of 30 to 60 percent. For the purposes of this
report, all slopes with gradients over 60 percent that are covered with soil are considered to
have a high erosion hazard. Based on our site observations, it is likely that a significant
percentage of these “high erosion potential” areas are not covered by an appreciable thickness
of soil and, consequently, would have a low potential for erosion.
Shoreline retreat at the site is generally the result of wave-cut erosion. Shoreline retreat at the
site is thought to be very slow typically averaging 0.01 feet per year or less over the past four
thousand years. This slow retreat rate is consistent with measurements of bedrock shoreline
retreat elsewhere in Whatcom and Skagit Counties and is consistent with stable shoreline
conditions in the Puget Sound area. Therefore, the potential for lateral erosion due to
shoreline retreat is low at the site.
It is our opinion that, with respect to erosion hazard potential, the lots at the Governors Point
site are likely buildable according to their current configuration, and that landslide hazards
present at the site can be mitigated with a combination of shoreline and building setbacks, and
geotechnical engineering and site development BMPs related to grading, erosion control, and
drainage.
6.0 GENERAL SUMMARY
Our studies to date on the Governors Point peninsula indicate that, from a geotechnical
engineering standpoint, the subject site is suitable to support the currently planned
development. The site is underlain at relatively shallow depths by bedrock of the Chuckanut
Formation. The bedrock appears to be mantled by a relatively thin veneer of glacial sediments.
The bedrock and medium dense glacial sediments are suitable for support of the planned
structures.
It is our opinion that, with respect to steep slope, landslide, and erosion hazard potential, the
currently planned lots at the Governors Point site are likely buildable according to their current
configuration, and that these hazards can be mitigated with a combination of shoreline and
building setbacks, and geotechnical engineering and site development BMPs related to grading,
erosion control, and drainage.
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EXECUTIVE SUMMARY
Governors Pointe project is located on an approximately 126-acre parcel of property known as
Governors Pointe in western Whatcom County, Washington.
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1.0 INTRODUCTION
1.1 Purpose and Scope
This technical report presents Associated Earth Sciences, Inc. (AESI) evaluation of existing
geologic/hydrogeologic conditions at the Governors Pointe site (herein referred to as the project
site) located on an approximately 126-acre parcel of property known as Governors Point in
western Whatcom County, Washington. The approximate location of the project site, relative to
surrounding physical features, is shown on the “Project Location Map,” Figure 1. Existing site
physical features and the general location of the proposed on-site development features are
shown on the “Site and Exploration Plan,” Figure 2.
We understand that the Triple R Residential Construction Company (Triple R) is planning to
develop the project site into approximately 140 single-family residential lots in the general
locations shown on Figure 2. Residential wastewater generated at the site is proposed to be
treated through an enhanced wastewater treatment system and disposed of via several on-site
community drainfields (Figure 2). Domestic water for the proposed development will be
provided either by the City of Bellingham, an on-site reverse osmosis (RO) water treatment
system or a combination of both.
The purpose of our studies was to obtain and evaluate the geologic, hydrogeologic, and soils data
needed to assess existing conditions at the site, and to interpret those conditions with respect to
potential geotechnical constraints that may influence the proposed site development plans. The
specific scope of services completed for our evaluation of the existing geologic/hydrogeologic
conditions at the project site is included in Appendix 1.
1.2 Report Organization
This report summarizes the results of our literature review, data analysis, field explorations,
monitoring activities, and analysis of probable geotechnical constraints completed between May
2006 and December 2007. The following sections of this report include: 1) a description of the
physical setting and historic land use of the project site; 2) relevant project background
information concerning existing site conditions; 3) a summary of previous geologic and
hydrogeologic studies of the site; 4) a description of our site explorations and methods;
5) descriptions of existing geologic/hydrogeologic and soils conditions; 6) a summary of existing
ground water conditions; and 7) our analysis of probable geotechnical site constraints relative to
geologic hazards and ground/surface water resources conditions at the project site.
1.3 Physical Setting and Background
1.3.1 Project Location
The proposed Governors Pointe Residential Development encompasses approximately 126-acres
of the physiographic area referred to as Governors Point in Whatcom County (Photo 1).
Governors Point is a roughly northwest-southeast trending peninsula located approximately 3
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miles south of the City of Bellingham and roughly 6 miles east of Eliza Island (Figures 1 and 2).
The Governors Pointe project site occupies most of the northwest portion of Governors Point,
within Sections 25 and 26 of Township 37 North, Range 2 East. Governors Point is surrounded
on the north and east by Chuckanut and Pleasant Bays and on the south and west by Samish Bay
(Figure 2). Chuckanut Point, a small peninsula, is located immediately to the northeast of
Governors Point (Photo 1). The majority of the shoreline is composed of low, relatively steep
bedrock slopes, with the exception of a portion of the northeastern shoreline, which is composed
of a high, near-vertical bedrock slope. The project site is bordered on the southeast by lightly
developed single-family residential property. The western flank of the generally north-south
trending Chuckanut Mountain is located approximately one mile to the east of Governors Pointe.
Access to the project site is via a
small gravel road that enters the
site on the east from Pleasant Bay
Road. A single-family residence
is located along the southwest
shoreline of the property and
several relatively unimproved dirt
roads provide access to much of
the site (Figure 2). We understand
that the single-family residence
has been the only home on the
project site for several decades.
The remaining portion of the site
is undeveloped and forested with a
relatively thick cover of deciduous
and evergreen trees. Historical
site use has generally been
recreational, in addition to the Photo 1. A portion of Governors Point looking northeast towards
Chuckanut Point (upper right corner of photo).
single-family residence. However,
we understand that two localized
areas of the northeast shoreline have been mined in the past for commercial quantities of
sandstone rock (Figure 2) and that most of the project site was logged and cleared in the 1950’s.
1.3.2 Physiography and Topography
The project site is located on the western margin of Chuckanut Mountain within what is
generally referred to as the Puget Lowland. The Puget Lowland is a portion of a regional northsouth trending topographic trough that extends from the Fraser River valley in British Columbia
to northern Oregon. Chuckanut Mountain extends from just south of the City of Bellingham to
the Samish River valley and rises to elevations in excess of 3,000 feet above mean sea level. The
topographic surface of Chuckanut Mountain and the project site have been formed into a series
of elongate northwest-southeast-trending hills and swales that are ground surface reflections of
the complex geologic structure of the underlying Eocene-age bedrock (Chuckanut Formation).
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Governors Point is an approximately 4,500-foot elongate bedrock ridge that forms a peninsula
extending northwestward into Chuckanut, Pleasant, and Samish Bays. A roughly east-westtrending swale forms a general topographic boundary between Governors Point and the mainland
area. A second generally east-west-trending shallow swale bisects the peninsula forming two
relatively broad sloping uplands that comprise most of the north and south portions of the site
(Figures 1 and 2). The ground surface along the crest of the upland areas is generally gently
sloping with elevations that do not exceed about 270 feet above mean sea level. All elevations
presented in this report are in feet relative to mean sea level unless otherwise indicated. All
depths are relative to ground surface unless otherwise indicated.
With the exception of the southeast boundary of the
project site, near where the Governors Point peninsula
connects with the mainland, the ground surface
topography around the margins of the peninsula drops
rapidly over short distances into the surrounding
seawater bodies, forming a shoreline that consists of
relatively steep wave-cut cliff faces, rocky slopes, and
localized beach areas (Figure 2, Photos 2 and 3).
Much of the project site shoreline consists of a 20 to 50
foot wide wave-cut platform that extends landward to
wave-cut cliff faces that are typically less than 20 feet in
height (Photo 2). The wave-cut cliff faces are generally
near vertical and in many places undercut to depths of up
to 5 feet resulting in exposed overhanging rock. The
orientation of the sedimentary bedding in the Chuckanut
Formation bedrock Photo 2. Undercut steep cliff face along
northeast shoreline of the project site.
appears to have
some control on the
amount of undercutting observed along the shoreline.
Undercutting is minimal in areas where the bedrock
bedding generally parallels ground slope (dip-slope), such
as along the very northern shoreline of the project site.
However, in many areas along the southwest shoreline of
the site, the sedimentary bedding dips roughly
perpendicular to the shoreline exposing less competent
bedding planes to the wave erosion, which has resulted in
more undercutting of the low cliff faces. The current
prevailing southwest to northeast storm pattern also results
in more active wave erosion occurring along the
southwestern shoreline of the project site which likely
contributes to the more pronounced wave-cut cliff faces
Photo 3. Rocky beach along northeast
shoreline of the project site.
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1.3.3 Streams and Wetlands
There are no perennial streams located on the project site. The heavily vegetative nature of the
site and a relatively thick layer of forest duff appear to limit the potential for surface water flow
to occur, except potentially during relatively extreme storm events. The minor amount of surface
water runoff that is generated at the site appears to flow off the upland areas in a generally radial
pattern following topography and, after being concentrated in localized swales, eventually either
infiltrates into permeable surface soils or fractured bedrock exposed at the ground surface, or
discharges directly into the surrounding seawater bodies.
Localized areas of wet soil and surface seeps of emerging shallow ground water were noted at
several locations around the margin of the project site. Furthermore, seasonal (intermittent)
surface water flow has been reported to occur in the north-south trending swale located adjacent
to the southeastern boundary of the project site (Figure 2). This intermittent stream appears to
discharge into Pleasant Bay located just northeast of the project site (Figure 2). Surface water
features and springs/seeps are described in more detail in Section 4.0 of this report.
2.0 METHODOLOGY AND PREVIOUS STUDIES
2.1 Data Review and Previous Studies
AESI reviewed available soil, ground water, and geologic data to gain an understanding of
existing conditions in the project area. A general summary of the most pertinent information
reviewed is provided below. A detailed listing of all information reviewed for this project is
included in Section 6.0, “Bibliography.”
•

Reports and maps published by the United States Geological Survey (USGS) and the
Washington State Department of Natural Resources (WDNR), Division of Geology and
Earth Resources.

•

Water well records and water rights information obtained from the Washington State
Department of Ecology (Ecology).

•

Soils maps obtained from the United States Department of Agriculture, Natural
Resources Conservation Service (NRCS).

•

Aerial photographs of the project site and vicinity.

•

Maps and proposed project layout information provided by Ronald T. Jepson and
Associates, Inc. (Jepson) and representatives of Triple R Residential Construction
Company.

•

Technical reports prepared for the site by various consultants, as provided by Triple R.
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•

Geologic/hydrogeologic information regarding the project site and vicinity presented in
various technical journals.

Golder Associates (Golder, 1991) and Rittenhouse-Zeman & Associates (RZA, 1991) previously
completed geotechnical investigations of the project site specifically to evaluate slope stability
and associated potential site development issues. Orcas Sewage Design (Orcas) completed
numerous shallow soil explorations at the site in support of their design of the on-site sewage
treatment/drainfield disposal system. Details of Orcas on-site explorations are presented in their
report, dated February 27, 2006, which is included in Appendix 2 of this report. The
approximate locations of the Orcas soil explorations are shown on Figure 2. The pertinent sitespecific information developed by Golder, RZA, and Orcas was incorporated into our evaluation
of the site, as appropriate.
2.2 Field Investigations
AESI conducted several types of field exploration activities
at the project site including: 1) reconnaissance of current
site geologic/hydrogeologic conditions and bedrock fracture
mapping; 2) excavation and sampling of 66 exploration pits;
3) drilling of three exploration borings (borings were
completed as monitoring wells; 4) geophysical analyses of
the borings; 5) aquifer testing; 6) infiltration testing; and 7)
ground water level monitoring. Our field investigation
activities were performed between May and August 2006.
Ground water monitoring was completed between July 2006
and December 2007.
2.2.1 Geologic Reconnaissance and Bedrock Fracture
Mapping
AESI investigated on-site surface geologic conditions and
evaluated the character of the bedrock exposed at the site by Photo 4. Typical bedrock bedding
completing a geologic reconnaissance of the site and and fracture pattern at the project
site.
shoreline, and mapping bedrock fracture patterns (bedding
and jointing) during several site visits conducted in May through August 2006. Sediments tend
to be deposited in semi-horizontal layers that are referred to as beds. Jointing is a fracture
pattern that occurs in the rocks as a result of some type of local or regional stress. Jointing is
usually vertical or transverse to bedding planes
The bedrock that underlies the site is composed of a complex mixture of sandstone,
conglomerate, siltstone, mudstone, and some localized thin coal beds. The bedrock units are
included within the Bellingham Bay and Governors Point members of the Chuckanut Formation
(Johnson, 1984). The Chuckanut Formation underlies most of the area along the coast line, south
of the City of Bellingham in the general site vicinity. The Chuckanut Formation bedrock is
located at or very near (less than 5 feet in depth) the ground surface over roughly 60 percent of
October 7, 2008
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the project site. A relatively thick sequence of glacial sediments overlie the remaining 40
percent of the project site, with the thickest soil sequence (maximum of approximately 50 feet)
being located primarily along the northwest-southeast trending crest of the project site and
generally becoming thinner away from the crest toward the shoreline (Figure 9). The surface
geology of the site, based on published geologic maps and our on-site explorations is shown on
the “Site Geologic Map,” Figure 3. Inferred subsurface geologic conditions of the project site
are displayed on Cross Sections A-A', B-B', C-C', D-D' and E-E', which are included on Figures
4 through 8, respectively. “Soil Thickness and Bedrock Elevation Maps” of the site are
presented on Figures 9 and 10, respectively. A more detailed description of the regional and sitespecific geologic setting is presented in Section 3.0 of this report.
The fracture pattern (bedding and jointing) and composition of the bedrock were evaluated along
the nearly continuous rock exposures around the shoreline of the project site (Photo 4). The
fracture analyses were completed to assist in our interpretation of potential geologic hazards and
ground water flow direction at the site. The fracture analyses included acquiring orientations
(strike and dip) of fractures (bedding/jointing planes), collecting accessory fracture
characterization data at selected locations, and the analyses of fracture patterns and relationships
using stereographic nets. Bedrock fractures and other related discontinuities are among the most
important geologic structures when identifying potential geologic hazards. Bedrock fractures
can facilitate the storage and movement of ground water (Singhal and Gupta, 1999).
Furthermore, landslides, slumping and other processes of mass wasting on steep slopes are often
enhanced by the saturation of fractured rock with precipitation and/or ground water (Davis and
Reynolds, 1996).
Many factors play a role in facilitating or inhibiting fluid flow in a fractured rock mass. In
general, larger fracture lengths, greater fracture density, high connectivity of fractures (crossing
fractures), and larger fracture openings (apertures) increase hydraulic conductivity. Conversely,
cementation and secondary mineralization of fracture openings (infilling) reduce fracture
aperture and decrease permeability (Singhal and Gupta, 1999). In addition, particular types of
fractures caused by specific stress regimes generally correlate to high fluid flow.
The locations and attitudes of bedding and jointing fractures identified during our mapping
exercise are shown on the “Fractures Map,” Figure 11. The bedding and jointing orientation data
obtained during our field work are presented in Appendix 3. The bedding and jointing
orientations are expressed in terms of strike (degrees of azimuth measured clockwise from 0° to
360°), dip (vertical angle of inclination of the inclined plane) and dip direction (direction toward
which the plane is inclined downward, perpendicular to strike). Orientations were acquired
along the shoreline, from rock outcroppings and in several exploration pits across the site.
Orientations were collected by standard geologic mapping methods using a Brunton compass.
In addition to collecting fracture orientation data, the following parameters were collected at
selected locations: fracture spacing (horizontal distance between fractures), trace length (length
along strike that can be measured on the rock outcrop), fracture shape (shape of fractured
surface), block shape (shape of the unfractured rock mass between fracture sets), connectivity
(intersection and termination characteristics of fractures), aperture (fracture opening), asperity
October 7, 2008
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(roughness of fracture surface), and infillings (wall coatings and filling along the fracture
surface).
Significant fracturing (bedding and jointing) of the bedrock was observed throughout the study
area. The majority of the bedding observed at the project site was relatively massive and
averaged in thickness between 5 and 15 feet. Cross bedding and distortion was also common in
the sandstone units.
The bedding and jointing azimuths and dip angles were projected onto equal area stereographic
nets using StereoWin (Allmendinger, 2002), a stereographic projection software program.
Projection of fracture planes onto a stereographic net allows examination of each fracture set for
groupings and relationships between the sets. In addition, the poles to the planes were plotted to
allow contouring of the data. Poles are lines perpendicular to the plane. We contoured the poles
using the standard method of 1 percent area contour presented in Allmendinger (2002) in order
to determine an average orientation for each joint set and bedding plane for the entire site. The
bedding and jointing orientations are shown graphically on Figures 12 and 13, respectively.
Figure 12
Contour Plot of Poles to Bedding Planes
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The stereo net projections were used to identify tensile and shear fracture relationships of the
dominant fractures across the site. Tensile fractures are more open and possess greater hydraulic
conductivity than shear joints, unless in-filled with secondary mineralization. Shear joints form
as oblique conjugate sets (intersecting fractures with opposite movement along the fracture
surface) whereas tensile, or extensional fractures, typically form perpendicular to the bedding
plane (Singhal and Gupta, 1999).
Figure 13
Contour Plot of Poles to Jointing

The following observations were determined from our fracture analysis and stereographic
projections:
•
•

Consistent with the findings of Golder (1991), the on-site bedding predominantly strike
northeast-southwest and dip at an average of 33 degrees to the northwest.
In most cases, joints are characterized by planar to stepped, moderately rough, tight
contacts that have been partially or completely filled with secondary minerals.

•

Joint spacing was highly variable and typically ranged from 5 to 30 feet.
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•

Joint trace along the strike was also highly variable ranging from 1 to greater than
40 feet.

•

Generally, a high degree of connectivity of fractures was observed, i.e., fracture sets
crossed each other.

•

A primary set of joints trend parallel to the strike of the bedding in a northeast direction
and dip steeply to the southeast, approximately perpendicular to the bedding planes. The
orientation and intersection of these joints with the bedding plane is consistent with
tensile or extensional fractures (Singhal and Gupta, 1999).

•

Two additional sets of joints trend roughly northwest and dip steeply to the northeast and
southwest. The conjugate nature of these joint sets is consistent with shear fracture
(Singhal and Gupta, 1999).

2.2.2 Exploration Pits
Surface and shallow subsurface soil conditions at the site were assessed by monitoring the
excavation of 66 exploration pits (EP-1 through EP-64, IT-1 and IT-2) at the locations shown on
Figure 2. The exploration pits were located in the field by estimating distances from existing
physical features, as shown on site plans provided by Jepson and by using a handheld Garmin
GPS unit.
The pits were excavated using a trackhoe operated by Northwest Excavating & Trucking (Photo
5). The pits were excavated to depths ranging from about 2 to 20 feet below the existing ground
surface, with ten of the pits extending to depths greater than 15
feet.
An AESI geologist observed all excavation and
backfilling activities. Excavation, sampling, and backfilling
procedures are described in Appendix 4. Logs of the
exploration pits are presented in Appendix 5.
Thirty-four of the exploration pits encountered 1 to 3 feet of
topsoil/forest duff overlying a 1- to 3-foot zone of weathered
bedrock that was underlain by fresh bedrock. Approximately
19 of the exploration pits encountered 1 to 3 feet of
topsoil/forest duff overlying several feet of silt and clay that
was underlain by bedrock. The remaining exploration pits
generally encountered a thin layer of topsoil/forest duff
underlain by a few feet of sand and gravel that was either
underlain by bedrock or silt/clay (Appendix 5). Minor to rapid
ground water seepage was noted at various depths in six of the
exploration pits (EP-15, EP-22, EP-33, EP-35, EP-49 and EP55).

Photo 5. Trackhoe digging an
exploration pit at the site.
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2.2.3 Exploration Borings/Observation Wells
Subsurface bedrock conditions at the site were
further evaluated by drilling three exploration
borings and completing each boring as a
monitoring well (MW-1, MW-2 and MW-3).
The locations of the exploration borings/
monitoring wells are shown on Figure 2. The
borings were drilled between June 27 and July 7,
2006, using track-mounted drilling equipment
owned and operated by Crux Subsurface, Inc. of
Spokane, Washington.
Drilling in the
unconsolidated soils was completed using an
HWT Casing Advancer System. Drilling in the
bedrock was completed using an HQ3 Triple Tube
Coring System.

Photo 6. Bedrock core samples from boring
MW-1.

Three-inch-diameter, Schedule 40 PVC casing was installed in the portion of each boring that
penetrated the unconsolidated soil overburden. The PVC casing was extended a short distance
into the underlying bedrock. To limit the potential transmission of water between the upper
unconsolidated soil and the bedrock, the void space between the outside of the PVC casing and
the boring in the bedrock was sealed with bentonite. The wells were developed by air-lifting
methodology. Locking, aboveground well boxes were installed on the wells. Jepson surveyed
the well locations, ground surface elevations, and well casing rim elevations shortly after well
installation. Table 2-1 summarizes well construction details. Drilling and well construction
procedures are described in more detail in Appendix 4.
The wells were drilled and installed under the full-time observation of an AESI geologist. Soil
sampling was performed using split-spoon samplers with a 140-pound hammer. Continuous
cores were collected from the bedrock portions of the borings (Photo 6). Detailed drilling logs
were prepared and are included as Appendix 6.
Table 2-1
Summary of Well Construction Details

Well
No.
MW-1
MW-2
MW-3

Surface
Elevation
154.33
141.01
234.77

Total Depth
of Boring
(feet)
99.0
98.5
98.0

Depth of
PVC Casing
(feet)
51.5
30.0
7.0

Open Boring
Interval Depth
(feet)
51.5 – 99.0
30.0 – 98.5
7.0 – 98.0

Open Boring
Interval Elevation
(feet)
102.8 – 55.3
111.0 – 42.5
227.8 – 91.0

Notes:
PVC = polyvinyl chloride
Elevations are relative to mean sea level.
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2.2.4 Geophysical Analyses
Downhole geophysical analyses were
performed in the bedrock portion of
each boring by Philip H. Duoos,

Figure 14
MW-1 Caliper, Conductivity, Fluid Resistivity,
and Temperature Log

Geophysical Consultant, using a
Mount Sopris MGX II Digital
Console and associated logging
tools. The geophysical evaluation
was used to evaluate the degree of
rock fracturing, bulk permeability
and potential zones of ground water
flow. A caliper was used to trace the
diameter of the borehole, evaluate
borehole condition and to locate
fracture
zones.
Downhole
temperature readings were used to
evaluate potential water flow zones.
Fluid resistivity measurements were
made to evaluate water flow potential
due to variations in the electrical
resistivity of fluids resulting from
changes in total dissolved solids
and/or salinity. Natural gamma logs
were used to indicate the potential
locations of shale or clay beds in the
borings.
Spontaneous
potential
measures naturally occurring changes
in electrical potentials at the contacts
between lithographic units. Single
point/normal resistivity methods were used to evaluate potential lithologic changes. The acoustic
and optical televiewer were used to delineate fracture/bedding orientation and width. All of the
geophysical methods were used to delineate sandstone, mudstone and coal seams and to identify
potential zones of ground water flow in the borings. Details of Mr. Duoos’ geophysical
evaluation are contained in his “Borehole Geophysical Logging Report” dated July 2006, which is
included in Appendix 7. Caliper, fluid resistivity, conductivity and temperature logs for MW-1,
MW-2 and MW-3 are shown on Figures 14, 15, and 16, respectively.
The downhole geophysical evaluation indicated that the bedrock that underlies the site has a
generally low-bulk hydraulic conductivity/permeability. Furthermore, the majority of the
bedrock fractures encountered in the borings were healed with secondary calcite and other
accessory minerals that would tend to limit ground water flow. The geophysical analyses
detected a strong fluid resistivity change at a depth of 65 feet in MW-1, indicating some potential
ground water flow associated with a fracture system, located between the depths of
October 7, 2008
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approximately 62.5 and 68 feet (Figure 14). The fracture system appears to have a strike
orientation of northwest to southeast, dipping roughly 13 degrees to the southwest, which would
make it consistent with the shear fractures mapped along the shoreline (see Section 2.2.1). The
analyses also indicated a potential change from relatively coarse-grained sandstone to more finegrained sediments at a weak bedding plane/fracture zone located at a depth of approximately
75.5 feet in MW-1 (Figure 14 and Appendices
Figure 15
6 and 7).
MW-2 Caliper, Conductivity, Fluid Resistivity,
Ground water inflow into MW-2 from several
fractures located between depths of
approximately 57.5 and 69 feet is indicated by
several zones of significant temperature and
fluid resistivity changes (Figure 15). The
fracture system appears to have a strike
orientation of northeast to southwest, dipping
roughly 30 degrees to the northwest, which
would make it consistent with the bedding
plane fractures mapped along the shoreline
(see Section 2.2.1).

and Temperature Log

The geophysical analyses also indicated a
relatively large change in resistivity at a depth
of approximately 55 feet in MW-2, which the
geophysical contractor suggested may be an
indication of a change in grain size and/or
lithology similar to that seen at a depth of
approximately
75.5
feet
in
MW-1.
Additionally, three small fractures were
interpreted at a depth of approximately
54.5 feet in MW-2 (Appendix 7).
The geophysical contractor indicated that the
elevated resistivity between 64 and 66 feet
may be related to a coal seam encountered in
MW-2 at this depth. The generally elevated
resistivities measured between 73 and 77 feet in MW-2 may indicate that the fractures in this
zone have been filled by secondary mineralization (Appendix 7).
A general zone of anomalous fluid temperature and resistivity values between depths of
approximately 39 to 47 feet in MW-3 may indicate a zone of ground water flow (Figure 16 and
Appendix 7). The strong temperature and fluid resistivity change in MW-3 at a depth of
approximately 46 feet could be related to a coal seam encountered at depths of 46 to 48 feet
(Figure 16). The strike orientation of the coal seam is roughly northwest to southeast and the dip
appears to be approximately 40 degrees to the north-northeast based on the geophysical
evaluation.
October 7, 2008
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A temperature inflection was observed at a
depth of approximately 76 feet that may be
associated with a small fracture system located
at this depth

Figure 16
MW-3 Caliper, Conductivity, Fluid Resistivity,
and Temperature Log

Two relatively narrow zones of higher
resistivity were observed in MW-3 at depths of
35 to 46 and 87 to 95 feet. Low natural gamma
counts were also observed at these depths and
may be related to zones of clean sandstone
(Appendices 6 and 7). Fractures in MW-3
appear to dip to the north at depths shallower
than 70 feet. Deeper fractures in MW-3 appear
to dip to the northeast, which would be
consistent with shear fractures observed along
the project shoreline.
The strike and dips of the fractures encountered
in monitoring well borings appear to be
generally consistent with the fracture mapping
data collected during our reconnaissance of the
project site shoreline (see Section 2.2.1).
2.2.5 Aquifer Testing
Rising head aquifer tests were conducted in
monitoring wells MW-1 and MW-2 to evaluate
bulk hydraulic conductivity of the fractured
bedrock. Water was removed from each well
using a bailer until water levels were near the
bottom of each boring. Data loggers and
pressure transducers were installed to measure
the rising water levels in each boring. The
rising water level data was analyzed using the
Cooper-Bredehoeft-Papadopulos method to
determine the transmissivity and hydraulic
conductivity of the bedrock in the immediate
vicinity of the wells (Fetter, 1988). A summary
of the results of the aquifer testing is presented
in Table 2-2.
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Table 2-2
Summary of Aquifer Testing Data
Ground Water
Seepage Rate(1)
(gpm)

Length of
Boring Open
Area
(feet)

Bulk Aquifer
Transmissivity
(feet2/day)

Bulk Aquifer
Hydraulic
Conductivity(2)
(feet/day)

141.22

0.043

47.5

0.066

0.0014

121.25

0.089

68.5

1.85

0.0270

Well No.

Static
Water
Elevation
(feet)

MW-1
MW-2

Notes:
(1)
Seepage rate is volume of ground water seepage into the well divided by the duration of the aquifer test.
(2)
Assumes aquifer thickness is equal to length of the open area in the boring.

Graphical representations of the water
level displacement versus time for
both the MW-1 and MW-2 aquifer
tests are presented in Figures 17
and 18, respectively. A detailed
description of the in-field aquifer
testing protocol is presented in
Appendix 4.
The bulk hydraulic conductivity
values of the Chuckanut Formation
bedrock estimated from the aquifer
tests were 0.0014 and 0.0270 feet per
day (ft/d) and are within the range that
is typical for sandstone aquifers
(Freeze and Cherry, 1979). However,
it should be noted that the hydraulic
conductivity values are based on the
assumption that the entire length of
open area contributes water in a
Figure 17
Plot of Water Level Displacement
uniform manner to the well. Based on
versus Time – MW-1
the results of the geophysical
evaluation of the borings and fracture
patterns observed in the Chuckanut Formation it is far more likely that the bulk of the ground
water seepage into the borings is from one or more relatively small fracture zones. Assuming
that ground water seepage into MW-1 and MW-2 is primarily from the relatively narrow fracture
zones (approximately 6 feet in MW-1 and 11.5 feet in MW-2) identified by the geophysical
evaluations would result in somewhat greater hydraulic conductivity values of approximately
0.011 and 0.161 ft/d.

October 7, 2008
CSL/dr - EH060254A3 - Projects\20060254\EH\WP

ASSOCIATED EARTH SCIENCES, INC.

Page 18

Governors Pointe

2nd DRAFT

Existing Geologic/Hydrogeologic Site Conditions
2nd Draft Technical Report

Whatcom County, Washington

2.2.6 Infiltration Testing
Field infiltration rates were measured in exploration pits IT-1 and IT-2 in a manner that generally
corresponded to the procedure described as a pilot infiltration test in the 2005 Ecology
Stormwater Management Manual for Western Washington (Ecology Manual). The tests were
performed in order to evaluate the infiltration capacity of the near surface soils. IT-1 was
performed within glaciomarine drift deposits approximately 3.5 feet above bedrock, and IT-2
was performed within weathered bedrock soils approximately 1 foot above bedrock. These two
geologic units were identified by Orcas Sewage Design as soils potentially suitable for septic
drainfields. The approximate locations of the infiltration tests are shown on Figure 2. The
infiltration test depth/elevations, geologic unit, and field test infiltration rates are summarized in
Table 2-3.
To perform the infiltration tests,
open exploration pits (IT-1 and IT-2)
with level, rectangular bases were
excavated into the receptor soils. In
both tests, a 6-foot-diameter ring was
placed in the base of the pits to
prevent sediments from caving into
the test area. Water was discharged
at a known rate into the ring of
known dimensions, and the saturated
infiltration rate (vertical hydraulic
conductivity) was calculated using a
constant head analysis. Based on
our experience, the large-diameter
single-ring test is interpreted to
provide a reasonable estimate of
receptor soil capacity. The reason
large-diameter single-ring tests are
interpreted to provide a reasonable
Figure 18
estimate is due to the relatively large
Plot of Water Level Displacement
volume of water used during the test
versus Time – MW-2
period. The tests performed in IT-1
and IT-2 used between 500 to 1,500 gallons of water per test. This amount of water appears to
be sufficient to provide a reasonable estimate of the vertical saturated hydraulic conductivity of
the receptor soils since the scale is large enough to ‘test’ a representative soil column.
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Table 2-3
Infiltration Rate Test Results
Test
No.
IT-1
IT-2

Test Depth
(feet)
6.0
3.5 to 4.0

Approximate Test
Elevation (feet)
165
240

Soil Type
Qgdme
Tcb

Field Infiltration Rate
(inches per hour)
<0.1
15

Notes:
Qgdme: Everson interstade glaciomarine drift
Tcb: Upper weathered zone of Chuckanut Formation.
Depths are relative to ground surface, elevations are relative to mean sea level.
Measured infiltration rates should not be used for design (see “Infiltration Testing Results” section of this report).

A 2,500-gallon capacity water truck was used to provide water for the infiltration testing. Water
was introduced into the exploration pit through a fabric diffuser to minimize turbulence. An
electronic flow meter/totalizer was used to monitor the water discharge rate and total flow and a
staff gauge with 0.01-foot divisions was placed into the base of the excavation to measure the
water depth. Initially water was introduced at a relatively high rate to develop a measurable
hydraulic head (water level) within the ring. The water level was maintained in the test locations
at depths between 1 and 1.5 feet. The discharge was then adjusted to maintain a constant
hydraulic head throughout the test period (or a minimum of one hour following a 4-hour soaking
period). Following the constant head portion of each test, the rate of water level decline (falling
head) in the ring was measured and recorded in IT-2. We were unable to perform the constant
head portion of the test at IT-1 because the rate of infiltration was less than the flow meter could
accurately record. Therefore, only the falling-head water test was completed in IT-1.
Infiltration Testing Results
A field infiltration rate of less than 0.1 inches per hour (in/hr) was determined for IT-1 based on
a 4.5 hour falling-head test. Infiltration test IT-1 was performed within dense, glaciomarine drift
sediments, which have a high percentage of fines (silt/clay), and consequently, a relatively low
permeability. The field infiltration rate for IT-2 was determined to be 15 in/hr within medium
dense, weathered bedrock soils. Typically, factors of safety are applied to field infiltration rates
as applicable based on Whatcom County regulations. It should be noted that these factors of
safety have not been applied to the testing results presented in Table 2-3.
Immediately following completion of an infiltration test, the test locations were overexcavated to
assess the effects of soil stratification. Detailed soil logs of each test site were prepared and are
presented in Appendix 5. In exploration IT-1, the soils encountered immediately beneath the test
horizon consisted of dense, gray, silty fine sand to sandy silt, with few gravel and medium to
coarse sand. At 9.5 feet depth, bedrock was encountered. Test water was only encountered in
the excavation at the testing depth, indicating limited vertical migration of water during the
infiltration test.
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In exploration IT-2, the soils encountered beneath the test horizon consisted of silty fine sand
with few gravel. The bedrock contact was encountered at 4 feet depth. Test water seeped
rapidly into the excavation directly above the bedrock contact at a depth of 4 feet. We excavated
a small trench downgradient of the infiltration test at IT-2 and observed perched test water
moving laterally along the bedrock surface up to 20 feet away from the test location.
2.2.7 Ground Water Monitoring
Minor to moderate ground water seepage was observed at relatively shallow depths in five of the
on-site exploration pits (EP-15, EP-22, EP-35, EP-49 and EP-55). Rapid ground water seepage
was observed in exploration pit EP-33 at a depth of approximately 10 feet (Appendix 5).
The shallow seepage encountered in the exploration pits appears to be indicative of localized
areas of ground water interflow that is perched upon the low permeability glaciomarine drift
and/or bedrock. Ground water under confining pressure was also encountered in the bedrock
strata penetrated by the three on-site borings (MW-1, MW-2 and MW-3). Ground water levels
in MW-1, MW-2 and MW-3 have been monitored systematically since July 18, 2006 using
downhole pressure transducer/data logger systems. Depths to ground water in the monitoring
wells were also measured by hand periodically starting shortly after the wells were installed
through November 2007. The ground water level data were used to evaluate ground water flow
direction and gradient in the bedrock aquifer. Ground water flow direction and other
characteristics of the perched and confined bedrock aquifers are described in detail in Section 4.0
of this report. A summary of the hand measured water levels in the monitoring wells is shown in
Table 2-4. Hydrographs of ground water levels in the wells are shown on Figures 19 and 20.
The maximum seasonal ground water level fluctuation was approximately 17 feet in MW-1. The
maximum seasonal ground water fluctuation was approximately 4.5 and 10.2 feet in MW-2 and
MW-3, respectively (Figures 19 and 20). Static ground water elevations in MW-1 ranged
between approximately 130 feet and 146 feet. The ground water elevations in MW-2 ranged
between approximately 108 feet and 113 feet. Ground water elevations in MW-3 ranged
between approximately 222 feet and 233 feet.
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Figure 19
MW-1 and MW-2 Ground Water Hydrograph

Figure 20
MW-3 Ground Water Hydrograph
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Table 2-4
Summary of Ground Water Depths/Elevations

July 18, 2006

MW-1
Depth
Elev.
133.52
22.64

MW-2
Depth
Elev.
112.01
31.99

August 17, 2006

24.06

132.10

33.64

110.36

9.01

228.31

September 12, 2006

24.91

131.25

34.09

109.91

10.18

227.14

October 3, 2006

25.49

130.67

34.65

109.35

11.18

226.14

November 10, 2006

24.31

131.85

34.93

109.07

12.28

225.04

December 26, 2006

10.89

145.27

31.65

112.35

7.78

229.54

January 31, 2007

11.91

144.25

31.32

112.68

7.14

230.18

February 23, 2007

10.90

145.26

31.71

112.29

5.76

231.56

March 29, 2007

11.77

144.39

31.40

112.60

5.38

231.94

April 27, 2007

17.40

138.76

32.30

111.70

7.19

230.13

May 30, 2007

18.94

137.22

33.11

110.89

8.76

228.56

June 25, 2007

20.38

135.78

33.95

110.05

9.79

227.53

July 31, 2007

22.51

133.65

34.57

109.43

10.72

226.60

August 27, 2007

23.84

132.32

35.06

108.94

11.73

225.59

September 29, 2007

25.20

130.96

35.30

108.70

13.08

224.24

October 15, 2007

25.73

130.43

34.54

109.46

13.60

223.72

November 14, 2007

26.64

129.52

34.83

109.17

14.47

222.85

Date

MW-3
Depth
Elev.
229.88
7.44

Notes:
Depths are in feet below casing rims
Elevations in feet are relative to mean sea level

The hydrographs indicate that the water levels in MW-1 and MW-3 react more quickly to
significant precipitation events than the water levels in MW-2. The water levels in MW-1 and
MW-3 also have a much greater range of seasonal fluctuation than what is observed in MW-2. It
is likely that the fractures intercepted by MW-1 and MW-3 have a higher degree of continuity
with the ground surface than the fractures intercepted by MW-2. The higher degree of continuity
with the ground surface results in water levels reacting faster to precipitation events and allows
the fractures to drain quickly to surface seeps located around the perimeter of the site.
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3.0 AFFECTED ENVIRONMENT: GEOLOGY AND SOILS
3.1 Regional Geology
3.1.1 Bedrock Geology
The Governors Point and Chuckanut Mountain areas are underlain by Tertiary-age Chuckanut
Formation bedrock (Figure 3). The bedrock stratigraphy of the Chuckanut Formation has been
described in detail by Samuel Y. Johnson (1984, 1991). Johnson indicated that the Chuckanut
Formation is comprised of alluvial strata and is one of the thickest (approximately 20,000 feet)
nonmarine sequences in North America. The sediments of the Chuckanut Formation were
deposited in an extensive fluvial environment of meandering/braided rivers and alluvial fans in a
rapidly subsiding basin that was present in western Washington in early Tertiary time. The
primary source of these sediments was uplifted metamorphic rocks located to the east of the
basin. A secondary source was uplifted fault blocks located to the west of the basin
(Johnson, 1984).
The Chuckanut Formation is generally comprised of arkosic sandstone, conglomerate, siltstone,
mudstone, and some minor coal beds. Standard fission-track statistical methods and pollen
analyses (Reiswig, 1982) were used to determine an approximate age range for the Chuckanut
Formation of late Paleocene to late/middle Eocene (40 to 60 million years before present).
The Chuckanut Formation has been divided into seven distinct members (Bellingham Bay,
Governors Point, Padden, Slide, Maple Falls, Warnick and Bald Mountain) by Johnson (1984).
Only the Bellingham Bay and Governors Point members are present beneath the project site (Tcg
and Tcb on Figures 3 through 8). The Bellingham Bay member is roughly 9,000 to 11,000 feet
thick and forms the lowest part of the Chuckanut Formation. The Bellingham Bay member
consists of vertically stacked, fining-upward cycles of meandering-river sediments. The cycles
are composed of lower coarse-grained
arkosic sandstone and conglomerate and
upper fine-grained units consisting of
mudstone with some coal (Johnson, 1984,
1991).
Paleocurrent data indicates that
sediment transport in the Bellingham Bay
member was to the west-southwest (Johnson,
1991).
The Governors Point member is approximately 1,200 feet thick and stratigraphically
overlies the Bellingham Bay member
(Figures 3 through 8). This unit consists of
arkosic
sandstone
(Photo
7)
and
metagraywacke-rich conglomerate that was
deposited in a braided-river environment
(Johnson, 1984, 1991). Paleocurrent data
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indicates that sediment transport in this unit was to the southwest. Lithological composition of
the sandstone/conglomerates indicates that the sediments were derived locally from an uplifted
block on the north side of the Lummi Island fault (Johnson, 1991). The contact between
Governors Point and Bellingham Bay members traverses the project site in a rough northeastsouthwest direction near MW-2 (Figure 3).
Following deposition, the Chuckanut Formation was deformed into a series of northwest
plunging anticlines and synclines in the middle to late Eocene (Johnson, 1991). The attitude and
orientation of this complex fold system have been mapped in the area located east of the project
site by Easterbrook (1976) and Lapen (2000). Based on the Easterbrook and Lapen studies, it
appears that the Governors Pointe area is located on the southwest limb of a northwest plunging
syncline which has a hinge line located approximately ¾ mile northeast of the project site.
3.1.2 Quaternary Sediments
The Chuckanut Formation is locally overlain by several feet of Quaternary sediments that were
deposited during several glacial and nonglacial intervals that occurred repeatedly during the past
2.4 million years in the low-lying region between the Cascade and Olympic mountains. During
glacial periods, the southwestern margin of the Cordilleran ice sheet flowed southeastward from
British Columbia into the Puget Lowland of western Washington (Blunt et al., 1987). Sediments
from the most recent advancement of the Cordilleran ice sheet (Fraser Glaciation) are widely
exposed at the surface in western Whatcom/Skagit
Counties and in the Puget Lowland.
The Fraser Glaciation consisted of multiple stades
(episodes of glacial advance) and interstades (episodes of
glacial retreat). The near surface sediments located in
Skagit/Whatcom County are dominated by deposits of
the: 1) Vashon stade, which represented the maximum
advance of the Cordilleran Ice Sheet during the Fraser
glaciation; 2) the Everson interstade, a period of glacial
retreat (Photo 8); and 3) the younger Sumas stade, a
minor period of glacial advance. Initial climatic cooling
and growth of ice masses in British Columbia began as
early as 30,000 years before present (ybp), but the ice
maximum during the Vashon stade did not occur until
approximately 14,000 to 15,000 ybp. At the maximum
Vashon stade extent, the Puget lobe of the Cordilleran Ice
Sheet extended a few miles south of Olympia,
Washington. The ice is interpreted to have reached a
thickness of about 4,000 to 5,000 feet near Bellingham
and roughly 3,000 feet near Redmond, Washington.

Photo 8. Everson interstade sediments
(glaciomarine outwash and glaciomarine
drift) exposed in bluff face on the project
it

Several sediment types reflecting different depositional environments of the Vashon stade are
exposed in the Skagit/Whatcom County region. High-energy glaciofluvial sands and gravels
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(advance outwash deposits [Qgav]) accumulated in glaciofluvial environments (meltwater
streams) that formed in front of the advancing Vashon glacier. The advance outwash deposits
consist predominantly of sand and gravel with various amounts of silt. As the Vashon glacier
spread into the region, the advance outwash sediments were overrun and overconsolidated by
approximately 4,000 to 5,000 feet of ice. Lodgement till (Qgtv) was deposited at the base of, and
subsequently overrun by, the advancing Vashon ice sheet. As a result, this material has been
glacially consolidated into a dense condition. Lodgement till generally consists of a complex
mixture of sand, gravel and silt.
Recessional outwash (Qgrv) sediments stratigraphically overlie the lodgement till and consist of
sand, gravel, and silt/clay deposited during rapid deglaciation. Recessional outwash deposits
were deposited by meltwater streams emanating from the retreating ice mass and typically were
deposited in swales and low-lying areas.
During late stages of deglaciation (12,500 to 10,000 ybp) the Cordilleran Iced Sheet thinned and
retreated northward (Kovanen and Easterbrook, 2002). This period of ablation of the ice sheet is
termed the Everson interstade (Armstrong et al., 1965). The retreat of the Cordilleran Ice Sheet
rapidly increased when the ice sheet vacated the Strait of Juan de Fuca around approximately
12,500 ybp and marine waters entered the Puget Lowland (Easterbrook, 1963, 1992). Shortly
after the removal of the ice sheet from the Strait of Juan de Fuca, much of the retreating glacial
ice in western Skagit and Whatcom Counties floated on the influx of marine waters. As the
floating ice retreated it deposited a thick layer of glaciomarine sediments (Everson interstade
sediments). The glaciomarine sediments deposited during the Everson interstade include: 1)
glaciomarine drift (Qgdme) consisting of poorly sorted/compacted silty sand gravelly clay,
clayey gravel diamicton and moderately sorted sandy silt and clay; 2) fluvial-deltaic-turbiditic
glaciomarine outwash (Qgome) that typically consists of loose sand and gravel with minor
interlayered silts and silty sands; and 3) emergence (beach) deposits (Qgomee), which generally
occurred as massive laminated loose sand and gravel deposits associated with wave-cut terraces
(Dragovich, et. al, 1998).
During the Sumas stade (approximately 12,000 to 10,000 ybp) the Cordilleran Ice Sheet readvanced crossing into Whatcom County near the City of Sumas. The Sumas glacier advanced
to the south and west as far as the City of Ferndale by roughly 11,600 to 11,400 ybp (Kovanen
and Easterbrook, 2002) depositing a blanket of fluvial (Qgos) and deltaic (Qgods) outwash sand
and gravel in portions of western Whatcom and northwestern Skagit Counties. The project sitespecific Fraser-age deposits are described in greater detail in Section 3.2, “Project Geology.”
3.2 Project Geology
3.2.1 Summary
Geologic conditions at the project site were evaluated using: 1) data obtained from AESI’s
fieldwork for this report; 2) data obtained from previously completed evaluations of the site; and
3) AESI’s review of regional geologic maps and documents. Figure 3 presents a surficial
geologic map of the project site. Five cross sections summarizing surface and subsurface
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geology relative to site topography are presented as Figures 4 through 8. The locations of the
cross sections are shown on Figure 2. The geologic contacts presented on the maps and cross
sections are generally dashed, indicating that they are approximately located based on field data.
The thickness of the soil units located on the site is shown on Figure 9.
The topography of the upper surface of the Chuckanut Formation was evaluated based on
exposures of bedrock observed at the project site and the depths to bedrock encountered in the
on-site explorations. The inferred bedrock topography at the project site is shown on the
“Bedrock Elevation Map,” Figure 10. Two bedrock topographic highs located along the center
line of Governors Point and separated by a shallow swale are present on the project site. The
bedrock topographic high in the southern portion of the site reaches a maximum elevation of
approximately 260 feet and the bedrock topographic high located in the northern portion of the
site reaches a maximum elevation of approximately 240 feet (Figure 10). The generally eastwest trending swale in the top of the bedrock surface that separates the two topographic highs
reaches a maximum elevation of approximately 140 feet (Figure 10).
Five stratigraphic units were identified and delineated on the geologic map prepared for this
study. The stratigraphic units were determined with regard to the following parameters: 1) age
of deposition, 2) composition and source area, 3) importance of the unit in controlling the
deposition of the other units, 4) thickness of the unit, and 5) geologic hazard characteristics of
the unit. The following sections describe the stratigraphic units shown on the surficial geologic
map and accompanying cross sections.
3.2.2 Geologic Units
Chuckanut Formation – Bellingham
Member (Tcb)

Bay

The Bellingham Bay member of the
Chuckanut Formation was encountered in
two monitoring wells (MW-2 and MW-3), 24
exploration pits (EP-30 through EP-32, EP35 through EP-41, EP-43 through EP-48, EP52, EP-54, and EP-58 through EP-63), and in
exposures along the coast line of the project
site. The Bellingham Bay member was
generally observed along the shoreline and in
explorations in the southern half of the
project site (Figures 2 and 3).
The Photo 9. Coal and mud rip-up clasts in the
Bellingham Bay member encountered at the Bellingham Bay member.
project site is a jointed, medium gray to grayish black, fine-grained mudstone with some thin
coal seams (Photo 9) and plant fossils. The mudstone also contained some light gray, finegrained micaceous sandstone that was typically cross-bedded, distorted and laminated.
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Most of the fractures observed in the
Bellingham Bay member in the
exploration pits, borings, and at surface
exposures were partially or completely
filled with secondary calcite deposits.
Chuckanut Formation – Governors Point
Member (Tcg)
The Governors Point member of the
Chuckanut Formation was encountered
in monitoring well MW-1, in
24 exploration pits (EP-1 through EP-14,
EP-16 through EP-18, EP-20, EP-21, and
EP-23 through EP-27), and along the
shoreline in the northern half of the Photo 10. Typical honeycomb weathering pattern in
project site (Figures 2 and 3). The Governors Point member of Chuckanut Formation.
Governors Point member was generally
described as a jointed, medium gray, fine to medium grained arkosic sandstone with common
cross-bedding and as a massive medium gray conglomerate.
Honeycomb weathering was common on exposed surfaces of the Governors Point member,
particularly where it outcropped on the northern shoreline of the project site (Photo 10). Similar
to the Bellingham Bay member, most of the fractures observed in the Governors Point member
exposed in the exploration pits, borings, and at the ground surface were partially or completely
filled with secondary calcite deposits.
Everson Interstade Deposits
The Everson interstade began when the Vashon glacier began retreating from the Puget Lowland
approximately 12,000 to 15,000 years ago. Two units (glaciomarine drift and marine outwash)
have been identified on the project site that were deposited during the geologic period known as
the Everson interstade. The Everson glaciomarine drift and marine outwash accumulated in a
marine environment located beneath and proximal to the melting/retreating Vashon glacier.
Relatively thick sequences of Everson interstade sediments are located over approximately 40
percent of the site, primarily in the upland areas in the north and central portions of the project
site (Figures 3 and 9). The Everson interstade sediments are a maximum of approximately 50
feet thick in the northern portion of the site (Figure 9).
Glaciomarine Drift – Qgdme
Glaciomarine drift was encountered in 27 of exploration borings (EP-5, EP-15 through EP-17,
EP-20, EP-22, EP-28, EP-29, EP-32 through EP-35, EP-41, EP-42, EP-44, EP-48 through EP-51,
EP-53 through EP-57, EP-64 and IT-1) and in two of the monitoring wells (MW-1 and MW-2)
completed on the site. The glaciomarine drift generally consisted of moist to saturated, loose to
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medium dense, gray to gray-blue silt and clay with varying amounts of sand and gravel
(Appendices 5 and 6). The thickness of the glaciomarine drift beneath the site was highly
variable, ranging from zero (not present) to a maximum of approximately 20 feet near MW-1
(Figures 4 through 8).
Glaciomarine Outwash – Qgome
Glaciomarine outwash was encountered in 13 of the exploration borings (EP-6, EP-19, EP-28,
EP-29, EP-33, EP-47, EP-54 through EP-57, EP-59, EP-63 and EP-64) and in two of the
monitoring wells (MW-1 and MW-2) completed on the site. The glaciomarine outwash
generally consisted of moist to saturated, medium dense, yellowish brown to brown sand with
varying amounts of sand, gravel and silt (Appendices 5 and 6). The thickness of the
glaciomarine outwash beneath the site was highly variable, ranging from zero (not present) to a
maximum of slightly greater than 10 feet (Figures 4 through 8).
Recent Colluvium – Qc
Recent sediments at the project site consisted of colluvial sand, gravel and boulders in localized
areas (Figure 3). Colluvium was encountered in EP-12, EP-14, EP-21, EP-43, and EP-47 at the
site (Figure 3, Appendix 6). Where encountered, the colluvium consisted of a relatively thin
veneer of medium dense sand and gravel with large angular blocks of Chuckanut Formation
sandstone. This material has been eroded from upslope sediment and bedrock deposits and
subsequently re-deposited. The thickness of this unit is interpreted to be generally less than 5
feet and the deposits are of very limited aerial extent.
3.3 Surface Soils
3.3.1 General
Physical and chemical weathering of surficial glacial deposits has resulted in the formation of the
surface soils on the project site. Surface soils data were obtained from the U.S. Department of
Agriculture NRCS soil survey of Whatcom County. Individual soil units have been mapped by
the NRCS on orthophotoquads of the site.
The five factors typically used to define the type, characteristics, and formation of specific soils
are: 1) parent material; 2) climate; 3) topography; 4) organisms (biota); and 5) time. The soils of
the project site formed over young glacial deposits and/or bedrock, and have not had sufficient
time to develop the deep weathering profiles present in soils in unglaciated terrains. Instead,
they exhibit a direct relationship to the underlying parent material, local climate, topography, and
vegetation. The soil characteristics for the on-site soils are summarized in Table 3-1 and are
described in greater detail in the following sections.
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Table 3-1
Summary of NRCS Soils Types

Soil Name
Nati Loam (108)
Nati Loam (109)
Nati Loam (110)

USDA Textural
Classification
Loam
Loam
Loam

Percent
Slope
5 to 15
15 to 30
30 to 60

Runoff
Rate
Slow
Slow
Medium

Erosion
Hazard
Slight
Slight
Moderate

Notes:
USDA = U.S. Department of Agriculture

3.3.2 Soil Units
Nati Series
The Nati Series is composed of moderately deep, well drained soil that generally forms on
foothill backslopes and toe slopes. It generally forms on colluvium and slope alluvium with an
admixture of volcanic ash and glacial drift, with the colluvium being derived from Chuckanut
Formation sandstone, siltstone, and mudstone, and having a strongly consolidated substratum.
The Nati soil is characterized by dark-brown to yellowish-brown loam developed over a
substratum of Chuckanut Formation sediments and/or glacial drift.
Nati Loam (108) forms 5 to 15 percent slopes and consists of gently rolling soil. Permeability in
the Nati Loam (108) is moderately rapid in the surface layer and subsoil, becoming very slow to
nil in the underlying glacial drift and/or Chuckanut Formation, where ground water has a
tendency to perch and form an interflow ground water regime during winter months. Runoff is
slow, and the erosion hazard is slight for sheet and concentrated flow. This is the dominant soil
type in the upland area located in the southern half of the project site.
Nati Loam (109) forms on 15 to 30 percent slopes and is present on the moderately steep
portions of the site. The physical characteristics of this soil phase are similar to Nati Loam
(108).
Nati Loam (110) forms on 30 to 60 percent slopes and is present on the steeper portions of the
portions of the site, specifically along the northern and northeastern shoreline. The physical
characteristics of this soil phase are similar to Nati Loam (108 and 109); however, the erosion
potential is higher due to the steeper slopes, as described in Section 3.4.1, “Erosion Hazards,” of
this report (Table 3-1).
3.4 Geologic Hazards
In 1990 the Washington State Legislature adopted the Growth Management Act (Chapter 36.70A
RCW), which required state and local governments to manage Washington’s growth by
identifying and protecting critical areas and natural resource lands. In response to the Growth
Management Act (GMA), Whatcom County began the process of developing county specific
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Critical Areas Ordinances (CAO). After several years of development, study and public input,
the Whatcom County Council adopted the Whatcom County Comprehensive Plan in May 1997
and the Whatcom County Critical Areas Ordinance (CAO), WCC Chapter 16.16, in October
1997. The purposes of Critical Areas Ordinance “are to carry out the goals of the Whatcom
County comprehensive plan and the State of Washington Growth Management Act”.
Current Whatcom County CAOs regarding geologic hazards are described and delineated in the
September 2005 Whatcom County Critical Areas Ordinance (CAO,) Title 16 – Chapter 16.16,
published by Whatcom County Planning and Development Services. The geologic hazards
identified in the CAOs that are relevant to the project site include erosion, landslide, seismic, and
tsunami hazards.
It should be noted that the current proposed lot layout for the Governors Pointe project was
vested in 1992 prior to the development of draft and/or final county specific CAOs. Therefore, it
is the opinion of the project owner that the Governors Pointe project is not subject to current
Whatcom County CAOs. Prior to the adoption of either draft or final County CAOs, the
development suitability/constraints of a parcel of property would have been initially determined
by representatives of the County based on site location/topography, geologic setting, past
practices, internal guidance procedures and other pertinent information. The County also had the
option of requiring a geologic/geotechnical evaluation of the proposed project if they felt
potential site hazards warranted further evaluation.
For the purposes of our hazards evaluation, we have used the current Whatcom County Geologic
Hazards CAOs as a general guideline for evaluating potential on-site geologic hazards, as
described in the following sections of this report.
3.4.1 Erosion Hazards
Whatcom County Planning and Development Services defines erosion hazard areas as “slopes
greater than 15 percent with soils identified by the U.S. Department of Agriculture Natural
Resource Conservation Service (NRCS) as having severe or very severe rill and inter-rill
erosion hazard because of natural characteristics, including vegetative cover, soil texture, slope
gradient, and rainfall patterns, or human induced changes to natural characteristic.” The
Erosion Hazard critical areas also include “areas subject to impacts from lateral erosion related
to moving water such as river channel migration and shoreline retreat.”
Shoreline retreat at the site is generally the result of wave-cut erosion. Golder (1991) indicated
that shoreline retreat at the site is very slow typically averaging 0.01 feet per year or less over the
past four thousand years. This slow retreat rate is consistent with measurements of bedrock
shoreline retreat elsewhere in Whatcom and Skagit Counties and is consistent with stable
shoreline conditions in the Puget Sound area. Therefore, the potential for lateral erosion due to
shoreline retreat is low at the site.
In order to evaluate potential significant erosion impacts (and subsequently provide mitigation)
as a result of the proposed development, it is important to understand where and how erosion
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occurs. Sediment begins motion by a process called gross erosion that can be subdivided into
sheet erosion and channel erosion.
Sheet erosion is caused by shallow “sheets” of water flowing over the cleared land surface and
transporting soil particles that have been detached by raindrops. The shallow surface flow rarely
moves as a uniform sheet for more than a few feet before concentrating in surface irregularities
and resulting in rill erosion. Additional sediment is thus picked up and transported. This erosion
process is continuous over several storm or normal rainfall events. If the rills become more than
a few inches deep, then the erosive regime changes to gully (channel) erosion where
concentrated water flow can transport large quantities of sediment during a single storm event;
this usually occurs on slopes greater than 15 percent.
Slope gradients and vegetation play an important role in determining erosion impacts. In
general, steeper slopes have a higher susceptibility to erosion as surface water has the capability
of achieving higher velocities and, hence, has more energy available to erode and transport
sediments. Vegetation, on the other hand, has a tendency to reduce the potential development of
concentrated flows by dispersing rainfall, impeding surface water flow, and reducing surface
water velocities.
As discussed previously in Section 3.3.2, most of the site is covered with Nati Loam series soil.
Chuckanut Formation bedrock is generally exposed at the ground surface of the site in areas
where the Nati Loam is absent. The on-site Chuckanut Formation is comprised of a competent
sandstone and mudstone. Consequently, the on-site Chuckanut Formation has a low erosion
potential. According to NRCS, the erosion potential for the Nati Loam on slopes less than
30 percent is slight and moderate for slopes of 30 to 60 percent (Table 3-1). For the purposes of
this report, all slopes with gradients over 60 percent that are covered with soil are considered to
have a high erosion hazard. The approximate locations of the erosion potential zones delineated
for the project site are shown on the “Erosion Potential Map,” Figure 21. It should be noted that
the “high erosion potential” areas shown on Figure 21 were delineated based on slope angle only
and do not consider the presence/absence of soil. Based on our site observations, it’s likely that
a significant percentage of these “high erosion potential” areas are not covered by an appreciable
thickness of soil and, consequently, would have a low potential for erosion.
It is our opinion that, with respect to erosion hazard potential, the lots at the Governors Pointe
site are likely buildable according to their current configuration, and that erosion hazards present
at the site can be mitigated with a combination of shoreline and building setbacks; and
geotechnical engineering and site development best management practices related to grading,
erosion control, and drainage.
3.4.2 Landslide Hazards
Generally, there are two types of landslides that commonly occur in the Puget Sound region.
The first type is termed earth slump or slump-earth flow. This type of earth movement is deep
seated and usually involves the regolith (topsoil and weathered zone) and the underlying
sedimentary units. Slides of this type can be very large and may require costly stabilization
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measures. The second type is termed debris slump, rock falls or debris flow and usually involves
the upper few feet of the regolith. This type of slide is very dependent on the moisture content
and weathering characteristics of the sediment. Slides of this type are typically triggered by
ground water seepage, over steepening of slopes by erosion, or movement of saturated sediments
on steep slopes.
Whatcom County Planning and Development Services defines landslide hazard areas as “areas
that, due to a combination of site conditions like slope inclination and relative soil permeability
are susceptible to mass wasting.” According to Whatcom County CAO 16.16.310(C)1,
Landslide Hazard Areas “shall include areas susceptible to landslides because of any
combination of bedrock, soil, slope (gradient), slope aspect, structure, hydrology, or other
physical factors”. The CAOs further divide landslide hazard areas into “Potential Landslide
Hazard” and “Active Landslide Hazard” areas.
Potential landslide hazard areas will exhibit one or more of the following characteristics:
1. Slopes between 15 and 35 percent that have a relatively permeable geologic unit
overlying a relatively impermeable unit and have springs or ground water seeps.
2. Slopes exceeding 35 percent with a vertical relief of ten (10) or more feet except areas
composed of competent rock.
3. Potentially unstable slopes resulting from rapid river or stream incision, river or stream
bank erosion, or undercutting by wave action. These include slopes exceeding 10 feet in
height adjacent to streams, lakes and coastal shorelines and with more than a 35 percent
gradient.
4. Areas that have shown evidence of historic failure or instability, including, but not
limited to, back-rotated benches on slopes; …and areas that have toppling, leaning, or
bowed trees caused by ground surface movement.
5. Areas that show past sloughing or calving of bluff sediments, resulting in a vertical or
steep bluff face with little or no vegetation.
6. Slopes that are parallel or subparallel to planes of weakness (such as bedding planes, joint
systems, and fault planes) in subsurface materials.
7. Slopes having gradients steeper than eighty percent (80%) subject to rock fall during
seismic shaking.
8. Areas that are at risk of mass wasting due to seismic forces.
9. Areas of historical landslide movement.
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Active landslide areas are defined by Whatcom County as areas that exhibit the characteristics of
potential landslide areas and have been determined through geologic assessment to be presently
failing or very likely to fail in the near future. For the purposes of this evaluation we have
delineated the project site into Potential Landslide Hazard Areas which includes areas that meet
one or more of the Whatcom County CAO (Chapter 16.16.310C1) criteria described previously,
and Active Landslide Hazard Areas. We have identified active landslide areas on the site as
areas that have exhibited signs of recent on-going slope failures/rock falls. The Potential and
Active Landslide Hazard areas identified on the Governor Point project site are shown on the
Landslide Hazard Map, Figure 22, and discussed in more detail in the following sections of this
report.
Potential Landslide Hazard Areas
The Potential Landslide Hazard areas shown on Figure
22 includes steep slopes (greater than 35 percent and in
many cases greater than 80 percent); areas of observed
bowed trees; three shallow soil creep areas; two general
areas where the bedrock bedding dips parallel to the
ground surface; and areas of the shoreline exhibiting
over-steepened wave-cut slopes (Photo 11).
It should be noted that much of the Potential Landslide
Hazard area shown on Figure 22 has been delineated
only because it is a slope that exceeds 35 percent with a
vertical relief of ten or more feet. It is likely that much
of the Potential Landslide Hazard area shown on Figure
22 is underlain by “competent” Chuckanut Formation
bedrock. The presence of “competent” bedrock beneath
the areas that were delineated based only on having a
slope “exceeding 35 percent with a vertical relief of ten
(10) or more feet” would exclude these areas from the
delineated potential landslide hazard areas (Figure 22).
Photo 11. Over steepened wave-cut slope
along southwest shoreline of the project site.

Active Landslide Hazard Areas
Based on our site observations the slopes on the project site appear to have a low risk of
movement in their current configuration and show no obvious indications of recent deep-seated
instability. However, we did identified four areas that appeared to include relatively recent rock
fall deposits (Figure 22). The identified rock fall areas include the two former sandstone quarries
located adjacent to Chuckanut Bay (Photo 12) and two localized areas that overlook Samish Bay
(Figure 22).
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The rock falls that occurred in the two
former sandstone quarries appear to have
been the result of the bedrock slope failing
after being undercut by mining activities
that occurred several years/decades
previously. We also understand that a
portion of the steep slope in the south
quarry failed in the early 1990s creating an
exposed slide face that was visible from
Chuckanut Drive. All four of the rock fall
areas identified on the project site are
shown as active landslide areas on the
geologic hazards map (Figure 22).
It is our opinion that the on-site soils and
bedrock appear to be generally stable and, Photo 12. Rock fall at base of on-site sandstone quarry.
with the exception of some localized areas
described previously, the landslide hazard potential at the site is low. Furthermore, with respect
to landslide hazards, the lots at the Governors Pointe site are likely buildable according to their
current configuration, and the identified landslide hazards can be mitigated with a combination
of shoreline and building setbacks; and geotechnical engineering and site development best
management practices related to grading, erosion control and drainage. Lots located in the
Potential Landslide Hazard areas may require further site-specific technical evaluation to
develop adequate mitigation, if needed, prior to construction. Lots that include Active Landslide
Hazard areas will require further site-specific technical evaluation to develop adequate
mitigation, prior to construction.
3.4.3 Seismic Hazards
Whatcom County Planning and Development Services defines seismic hazard areas as “areas
subject to a severe risk of earthquake damage as a result of seismically induced ground shaking,
differential settlement, slope failure, settlement, lateral spreading, mass wasting, surface faulting
or soil liquefaction.”
The project site is located in an area of low to moderate historical seismicity. Earthquake data
obtained from the University of Washington’s Pacific Northwest Seismograph Network indicates
that only three earthquakes with magnitudes equal to or greater than 5.0 have occurred within a
50 mile radius of the project site since 1872. A shallow magnitude 5.2 (M=5.2) earthquake
occurred near Deming roughly 15 miles northeast of the project site in 1990. In 1976 a deep
M=5.1 earthquake occurred near the southeast end of Vancouver Island roughly 45 miles
northwest of the project site. An additional earthquake (M=5.0) occurred in 1909 and was
located in the San Juan Islands roughly 25 miles to the northwest of the project site at a depth of
approximately 30 kilometers. The 1909 earthquake occurred prior to the operation of the Pacific
Northwest Seismograph Network in 1970, and data concerning its magnitude, location, and
depth is less precise.
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Stresses that causes these earthquakes are mainly due to the interaction of tectonic plates that
meet off the coast of Washington State. The Juan de Fuca oceanic plate, which forms the floor
of the northeastern Pacific Ocean, moves northeastward with respect to the North American
continental plate at an average rate of about 34 millimeters per year. Differences in density of
the two plates cause the Juan de Fuca plate to sink or subduct beneath the North American plate.
The interaction of the plates formed the Cascade volcanoes and periodically causes high
magnitude earthquakes.
Three types of earthquakes occur in the Pacific Northwest that affect western Washington. The
Juan de Fuca plate must bend as it subducts beneath the North American plate causing deep
intraplate earthquakes within the Juan de Fuca plate. Three such events have been recorded in
western Washington: the recent Nisqually earthquake (2001 M=6.8), the 1965 earthquake
(M~6.8), and the 1949 (M~7.1) earthquake. There is evidence that six such earthquakes have
occurred in the Puget Sound region with estimated magnitudes greater than 6.0 since 1870
(Walsh et al., 2002). An earthquake recurrence interval for this type of earthquake can be
estimated at approximately 20 years, given this historic record.
Deep interplate (or subduction zone) ruptures occur between the Juan de Fuca plate and the
North American plate. Records provided by buried soil layers, tree ring and radiocarbon dating
of dead trees, and deep-sea deposits indicate that a subduction earthquake such as this occurred
in the year 1700 with a magnitude of approximately 8.9 (Atwater, 1996; Atwater et al., 1991). A
documented tsunami occurred in Japan that has been correlated to this earthquake. A recurrence
interval of 500 to 600 years has been estimated for this type of earthquake.
The third type of event is a shallow, crustal earthquake occurring within the North American
plate. Although no evidence of surface faults or associated ground rupture was observed at the
project site, there are several active crustal faults in western Washington that may pose
significant though very infrequent, seismic hazards in the vicinity of the site. The most notable
of these are the Devils Mountain, Strawberry Point, and Utsalady Point faults located to the
south of the project site, and a significant fault complex located northeast of the project site near
the town of Deming (Sumas, Vedder Mountain, Boulder Creek, Smith Creek and Macaulay
Creek faults). These fault systems are summarized below.
The Devils Mountain fault is an 85 mile long, north dipping, left lateral, oblique-slip
transpressional fault that extends from the Cascade Range foothills to Vancouver Island (Johnson
et al., 2001). The Devils Mountain fault is located roughly 25 miles south of the project site.
The Strawberry Point fault is an east-west trending fault that is approximately 17 miles long and
cuts across northern Whidbey Island. The fault is an oblique-slip, transpressional fault that
bifurcates into a 1.5-mile-wide zone as it crosses northern Whidbey Island (Johnson et al., 2001).
The northwest trending subvertical Ustalady Point fault is approximately 17 miles long and also
cuts across northern Whidbey Island. The Strawberry Point and Ustalady Point faults are located
approximately 30 miles south of the project site.
Johnson et al. (2001) present evidence that these three faults form a complex, distributed,
transpressional deformation zone with cumulative slip rates that probably exceed 0.5 millimeters
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per year. Johnson et al. (2001) also estimated that an earthquake with a maximum magnitude of
roughly M=7.5 could be generated along the Devils Mountain fault and that M=6.7 earthquakes
were possible along the Strawberry Point and Ustalady Point faults.
A significant number of faults are located roughly 15 miles northeast of the project site. This
fault system generally trends northeast to southwest and includes the Sumas, Vedder Mountain,
Boulder Creek, Smith Creek and Macaulay Creek faults (Dragovich et al., 1997). Dragovich and
others (1997) have correlated the Macaulay Creek thrust fault with the 1990 Deming earthquake
(M=5.2) and suggests that the thrust fault was active during and possibly before the Quaternary.
Four types of potential geologic hazards are usually associated with large seismic events: ground
rupture along a surficial fault zone; ground motion response; liquefaction; and seismically
induced landslides.
Surficial Fault Zones
Ground ruptures generally occur as offsets of the ground surface and are usually limited to the
immediate area of the fault. No evidence of surface faults or associated ground ruptures was
observed at the project site. Two significant geomorphic/topographic features were identified on
the project site during our geologic assessment that have some physical characteristics that could
be indicative of surface expressions of older buried ground ruptures. One is the previously
discussed northeast-southwest trending contact between the Governors Pointe (Tcg) and
Bellingham Bay (Tcb) members of the Chuckanut Formation located near the center of the site
(Figure 3). This contact has been in-filled with glacial deposits and appears stable, however, the
south exposure of the contact along the shoreline, does appear to have receded a minor amount
due to erosion with some associated localized soil slumping. An additional generally northeastsouthwest trending lineament is present in the northern portion of the site (Figure 3). The
lineament can be traced from the north shore near the old quarry to the vicinity of EP-17 and
appears to be a relatively deep void in the bedrock infilled with glacial deposits, up to 50 feet
thick (MW-1; cross sections A-A', B-B'). Neither of these geomorphic/topographic features
correlates to any regional structures or faults identified on the regional geology map of the area
(Lapen et al., 2000). These two features are most likely surface representation of bedding
and/or jointing planes.
The USGS identifies several major faults in the Puget Sound region
(http://wrgis.wr.usgs.gov/docs/wgmt/pacnw/lifeline/eqhazards.html). The previously discussed
Devils Mountain, Strawberry Point and Ustalady Point faults are located roughly 25 to 30 miles
south of the site. Existing projections of these fault lines are a minimum of 25 miles away
(Johnson et al., 2001). The fault complex located near the town of Deming is located a minimum
of roughly 15 miles northeast of the project site. It is our opinion, based on existing geologic
data, that the risk of ground surface rupture along a fault impacting the proposed project site is
low. Furthermore, as previously discussed, we observed no evidence of surface faults or
associated ground ruptures at the project site.
Ground Motion Response
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Ground motion from an earthquake results from shear, pressure, and surface waves propagating
through the earth’s crust from the earthquake’s hypocenter. The ground motion caused by these
waves is the seismic shaking felt during an earthquake. The intensity of the shaking felt at a
given location during and immediately after an earthquake, is a result of several variables
including: 1) the magnitude of the earthquake; 2) distance from the earthquake; 3) depth of the
earthquake; 4) the type of rocks and unconsolidated sediments underlying a given site; and 5)
attenuation of the seismic energy between the earthquake and a given site. Although the project
site is located in an area of relatively low to moderate historical seismicity, there are several
sources of large earthquakes in western Washington that are capable of generating significant
earthquakes as previously discussed above.
The Nisqually 2001 earthquake (M = 6.8) provided opportunities for direct observation of
ground motion during a large regional earthquake. The University of Washington’s Pacific
Northwest Seismograph Network created a “shake map” of peak acceleration and velocity from
wave forms collected from the earthquake. Peak acceleration is the maximum acceleration
experienced by a particle at the earth’s surface during the course of the earthquake motion.
Shaking from the event (located between Olympia and Tacoma, 32.6 miles deep, and
approximately 80 miles from the project site) showed light shaking (peak acceleration of
approximately 1.4 to 3.9 percent of the acceleration of gravity [g, 9.8 meters per second per
second]) in the vicinity of the project site.
The International Building Code (IBC) describes seismic zones in the Pacific Northwest. The
project site is located within Site Class C of the 2006 IBC. The IBC’s seismic zone
classifications are used to determine the strengths of various components of a building or
structure needed to resist earthquake damage caused by ground motion. Design guidelines for
reducing earthquake damage to structures based on anticipated ground motions for a specific
region are included in the IBC. The Site Classes used by the IBC range from Site Class A (area
of low seismic risk) to Site Class F (area of high seismic risk).
Unconsolidated young deposits may amplify ground motion, and ground motions in these areas
will likely be more intense than predicted for sites underlain by bedrock or glacially consolidated
materials. As previously discussed the project site is generally underlain by bedrock with a thin
layer of medium dense to dense sediment. It is our opinion that the potential ground motion
response hazards for structures present at the site can be mitigated by design using IBC standards
with a combination of shoreline and building setbacks, geotechnical engineering and site
development best management practices related to grading, erosion control and drainage.
Liquefaction
Liquefaction is the process in which soil loses strength or stiffness during vibratory shaking,
such as that caused by earthquakes, and temporarily behaves as a liquid. Shaking during an
earthquake can cause an increase in pore water pressure in the soil, and decrease the soil shear
strength. Soils are considered to liquefy when nearly all of the weight of the soil is supported by
the pore water pressure and becomes unstable. The seismically induced loss of soil strength can
October 7, 2008
CSL/dr - EH060254A3 - Projects\20060254\EH\WP

ASSOCIATED EARTH SCIENCES, INC.

Page 38

Governors Pointe

Existing Geologic/Hydrogeologic Site Conditions
2nd Draft Technical Report

Whatcom County, Washington

result in failure of the ground surface and can be expressed as landslides or lateral spreads,
surface cracks and settlement, and/or sand boils. Seismically induced liquefaction typically
occurs in loose, saturated, non-cohesive sandy and silty soils commonly associated with recent
river, lake, and beach sedimentation. In addition, seismically induced liquefaction can be
associated with areas of loose, saturated fill.
Based on the results of our field exploration program, our experience with similar soil types, and
our understanding of the regional seismicity, it is our opinion that the potential for liquefaction of
the soils underlying the project site is low.
Seismically Induced Landslides
Earthquake vibration may cause unstable material to fail by influencing existing planes of
weakness within bedrock (such as bedding and/or jointing planes) or within unconsolidated
material. The USGS documented many earthquake-induced landslides throughout the Puget
lowland that occurred due to shaking from the 2001 Nisqually event and several researchers have
correlated previous mass movements in Lake Washington to the earthquake on the Seattle Fault
about 1,100 years ago (Jacoby et al., 1992; Karlin and Abella, 1992, 1996). No evidence of
seismically induced landslides from the 2001 Nisqually event were observed on the project site
at the time of this study. The risk of seismically induced landslides occurring is interpreted to be
low across the project site. However, the risk of seismically induced rock falls would be higher
along the shoreline of the site where slopes exceed 40 percent. These areas are mapped as Level
2 Potential Landslide Hazards on Figure 22.
It is our opinion that , with respect to seismic hazard potential, the lots at the Governors Pointe
site are likely buildable according to their current configuration, and that seismic hazards present
at the site can be mitigated with a combination of shoreline and building setbacks; and
geotechnical engineering and site development best management practices related to grading,
erosion control, and drainage.
3.4.4 Tsunami Hazards
Whatcom County Planning and Development Services defines tsunami hazard areas as “coastal
areas susceptible to flooding, inundation, debris impact and/or mass wasting as a result of
coastal wave action generated by seismic events.”
Whatcom County CAOs indicate that the maximum tsunami wave height for the Governors
Pointe area is approximately 2 meters (6.5 feet). As previously discussed, the shoreline of
Governors Pointe is generally comprised of relatively steep exposures of Chuckanut Formation
bedrock. It is our opinion that, with respect to tsunami hazard potential, the lots at the Governors
Pointe site are likely buildable according to their current configuration, and that tsunami hazards
present at the site can be mitigated with a combination of shoreline and building setbacks; and
geotechnical engineering and site development best management practices related to grading,
erosion control, and drainage.
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4.0 AFFECTED ENVIRONMENT: HYDROLOGY/HYDROGEOLOGY
4.1 Surface Water
There are no perennial surface water features located on the project site. Seasonal (intermittent)
surface water flow has been reported to occur in the north-south trending swale located adjacent
to the eastern boundary of the project site. This intermittent stream appears to discharge into
Pleasant Bay located just northeast of the project site (Figure 2).
Four areas of minor (less than 1 to 3 gallons per minute) generally dispersed spring/seep
discharge were observed at the site during our site reconnaissance. The approximate locations of
the spring/seep discharge areas are shown on Figure 22. A small volume of spring/seep
discharge was noted on top of an exposed bedrock surface in the very northern portion of the site
between elevations 75 and 100 feet. An additional spring was observed discharging near a small
cove located approximately midway along the eastern shoreline of the site at an elevation of
approximately 25 feet. Minor spring discharge onto a bedrock surface was also noted in the
west-central portion of the site at an elevation of approximately 100 to 125 feet. A zone of
dispersed spring/seep discharge on the top of exposed bedrock was observed in the southwest
portion of the site between elevations of roughly 150 to 200 feet. The springs/seeps observed at
the project site appear to be areas where shallow ground water interflow is emerging from the
ground surface on top of the low permeability bedrock in areas that have a very thin or absent
soil cover.
4.2 Ground Water Occurrence and Distribution
4.2.1 General
Ground water is present in the pore spaces of sediments and in the bedrock fractures systems on
the project site. This "ground water" is part of the continuous hydrologic cycle which, in the
natural state, begins with infiltration of precipitation and runoff (recharge) and ends with either
direct discharge to the surrounding saltwater bodies or indirectly via springs and seeps.
Ground water under saturated conditions flows preferentially through materials with greater
porosity and permeability, such as clean gravels and sands. Where geologic conditions limit
discharge, ground water accumulates in permeable zones, which, if they can support production
from wells, are termed "aquifers." It should be noted that there are no domestic water supply
wells located on the project site.
Based on the information obtained to date, it appears that ground water at the site generally
occurs as shallow, localized interflow either on top of the glaciomarine drift or in the upper
weathered portion of the bedrock, and in fracture systems in the underlying Chuckanut
Formation bedrock. These two principal ground water ‘regimes’ at the project site are described
below.
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4.2.2 Aquifers
Interflow
A poorly developed and localized shallow interflow zone was observed in six exploration pits
(EP-15, EP-22, EP-33, EP-35, EP-49, and EP-55) completed at the project site. As previously
discussed, the discharge of shallow interflow water via springs and seeps was also observed at
several locations at the site. The interflow system consists of precipitation that percolates down
through the relatively permeable, surficial weathered glaciomarine drift, marine outwash and/or
weathered bedrock and becomes perched atop the underlying, lower permeability, unweathered
glaciomarine drift and/or bedrock. It should be noted that due to the land surface and bedrock
topography of the project site it is likely that recharge to the shallow interflow zone is totally
derived from the infiltration of precipitation that falls directly on the project site (Figures 2 and
10). Therefore, the ground water hydrology of the site is totally controlled by on-site processes.
Water in the interflow zone moves down slope at rates strongly influenced by the hydraulic
conductivity of the soil and to a lesser extent, by macro-pores in the soil created by animals and
rotting root structures. The interflow direction generally mimics the slope of the land surface
and conforms to the topography of the top of the underlying glaciomarine drift or bedrock
(Figure 10). Consequently, shallow ground water interflow generally flows in a radial pattern
away from the two upland areas on the project site forming a ground water divide that bisects
Governors Pointe in a rough north-south direction (Figure 10). The interflow at the site
ultimately discharges as transpiration by plants, vertical recharge to fracture systems in the
underlying bedrock, shallow subsurface flow to the intermittent stream located along the
southeast boundary of the site, and/or as springs and seeps located along the perimeter of
Governors Pointe. A small volume of interflow in the very southern portion of the site appears
to flow off the site to the south based on the ground surface and bedrock topography information
(Figures 2 and 10).
Much of the discharge from the interflow zone occurs during the summer by transpiration of
plants, whose roots penetrate the soil horizon. It should be noted that thickness of the interflow
network will fluctuate due to the time of year and amount of annual precipitation. In areas where
a more permeable parent material is present, such as areas with some marine outwash overlying
either glaciomarine drift or bedrock (EP-33 and EP-55), 1 or 2 feet of ground water may
accumulate. However, the vast majority of explorations completed at the site did not encounter a
saturated interflow zone on top of the low permeability glaciomarine drift or bedrock. Therefore,
it is likely that there is no interflow zone over most of the project site. It is also likely that,
where present, the interflow zone is very discontinuous and is generally not active during
prolonged periods of dry weather.
Three general areas (southern upland, central swale, and northern upland) located along the mid
axis of the project site have been tentatively identified as potential drainfield areas for treated
domestic wastewater. We understand that prior to discharge the wastewater will be treated to
Class A standards using a membrane bioreactor (MBR) wastewater treatment system. Based on
the ground surface and bedrock topography it appears that roughly 50 to 70 percent of the water
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discharge in southern upland area will migrate to the east-northeast as interflow and ultimately
discharge to Chuckanut/Pleasant Bays and the intermittent stream channel located along the
southeastern border of the site (Figure 10). The remaining 30 to 50 percent will likely migrate to
the west-southwest and eventually discharge to Samish Bay.
A relatively equal amount of the wastewater discharged in the northern upland and central swale
areas will likely flow towards and discharge into both Chuckanut and Samish Bays, based on
existing site topography (Figure 10).
Bedrock Aquifer
Ground water was encountered in fracture systems of the underlying Chuckanut Formation
bedrock in the three monitoring wells completed at the site. Flow through fractured rock is
highly anisotropic (preferential orientation), controlled by discontinuities in the rock mass.
Discontinuities include fractures (joints), faults, bedding planes, and other geological
discontinuities. Ground water preferentially flows through open fractures and other permeable
discontinuities. Typically, most of the flow is through only a small percentage of the total
fracture set. Ground water storage in a rock mass with low primary porosity and permeability is
relatively limited.
Ground water recharge to the bedrock aquifer is interpreted to be primarily from the infiltration
of direct precipitation on the project site where bedrock is exposed at the ground surface and
through vertical leakage from the overlying discontinuous interflow system. Similar to the
interflow system, recharge to the bedrock aquifer appears to be primarily from vertical recharge
on the project site. Ground water levels measured in MW-3 were typically at elevations ranging
between roughly 220 to 233 feet (Figure 15). The ground water elevations recorded in MW-3
are several tens of feet above the ground surface at the southern margin of the site indicating that
ground water flow in the bedrock aquifer in this portion of the site is toward the south. Ground
water flow in this direction limits the potential for ground water from the mainland to flow onto
Governors Pointe.
Conceptually, ground water in the bedrock aquifer at the project site flows through discrete,
poorly interconnected, fracture zones from the bedrock elevation high points on the site radiating
outward toward Samish, Pleasant and Chuckanut Bays, with a minor amount of flow to the south
as previously discussed. The fracture mapping and on-site exploration data indicates that the
bedrock jointing pattern with a northeast-southwest strike orientation is likely caused by tensile
stresses. Tensile stresses generally form open or extensional fractures rather than those resulting
from shear stresses, which generally tend to create more closed fractures (see Section 2.2.1). It is
reasonable to conclude that ground water would be more easily transmitted through the
extensional fractures. Furthermore, the fracture mapping also indicated that bedding planes at
the site are generally orientated in a northeast-southwest direction. Therefore, it is likely that as
ground water in the bedrock aquifer flows in a radial pattern off the upland areas of the project
site it is somewhat influenced by the northeast-southwest trending extensional jointing and
bedding planes resulting in preferred ground water flow directions to northeast and southwest.
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Although a significant number of fractures were identified at the project site that possess
characteristics to allow significant fluid flow (i.e. connectivity and tensile fractures) a very large
percentage of the fractures were closed or partially healed with accessory minerals (see Section
2.2). Therefore, it is likely that ground water flow within bedrock aquifer is limited with most of
the ground water flow being confined to coal seams and a few wide fracture systems.
Discharge from the bedrock aquifer occurs where saturated fractures daylight at the ground
surface around the perimeter of the project site or more often where the fractures are in direct
hydraulic connection with Samish, Pleasant and Chuckanut Bays.
5.0 LIMITATIONS
We have prepared this report for Triple R Residential Construction Company regarding the
proposed Governors Pointe project located in Whatcom County. The information presented in
the report is based on the above-described research, field activities, and limited reconnaissance.
Subsurface soil and aquifer characteristics at different locations at the site may vary.
Within the limitations of scope, schedule, and budget, AESI attempted to execute these services
in accordance with generally accepted professional principles in the fields of geotechnical
engineering, geology and hydrogeology at the time this report was prepared. No warranty,
express or implied, is made.
We have enjoyed working with you on this project and are confident that these recommendations
will aid in the successful completion of your proposed residential development. If you should
have any questions or require further assistance, please do not hesitate to call.
Sincerely,
ASSOCIATED EARTH SCIENCES, INC.
Everett, Washington

Suzanne Sweet Cook, P.G.
Senior Project Hydrogeologist
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RPAC04: Governors Point
Flow Rates for Lot 16 Roof Area

October 22, 2019
Page 1

WWHM2012
PROJECT REPORT
___________________________________________________________________
Project Name: RPAC04-Lot 16 Roof
Site Name: RPAC04: Governors Point
Site Address: Lot 16 Roof Area-2,600 sf
City
: 10-22-2019 MJD
Report Date: 10/22/2019
Gage
: Blaine
Data Start : 1948/10/01
Data End : 2009/09/30
Precip Scale: 0.80
Version Date: 2018/10/10
Version : 4.2.16
___________________________________________________________________
Low Flow Threshold for POC 1 : 50 Percent of the 2 Year
___________________________________________________________________
High Flow Threshold for POC 1: 50 year
___________________________________________________________________
PREDEVELOPED LAND USE
Name
: Roof Area
Bypass: No
GroundWater: No
Pervious Land Use
A B, Forest, Steep

acre
0.0597

Pervious Total

0.0597

Impervious Land Use

acre

Impervious Total

0

Basin Total
0.0597
___________________________________________________________________
Element Flows To:
Surface
Interflow
Groundwater
___________________________________________________________________
MITIGATED LAND USE
Name
: Lot 16 Roof Area
Bypass: No
GroundWater: No
Pervious Land Use
Pervious Total

acre
0

RPAC04: Governors Point
Flow Rates for Lot 16 Roof Area

October 22, 2019
Page 2

Impervious Land Use
ROOF TOPS FLAT

acre
0.0597

Impervious Total

0.0597

Basin Total
0.0597
___________________________________________________________________
Element Flows To:
Surface
Interflow
Groundwater
___________________________________________________________________
ANALYSIS RESULTS
Stream Protection Duration
___________________________________________________________________
Predeveloped Landuse Totals for POC #1
Total Pervious Area:0.0597
Total Impervious Area:0
___________________________________________________________________
Mitigated Landuse Totals for POC #1
Total Pervious Area:0
Total Impervious Area:0.0597
___________________________________________________________________
Flow Frequency Return Periods for Mitigated. POC #1
Return Period
Flow(cfs)
2 year
0.019095
5 year
0.025423
10 year
0.029621
25 year
0.034947
50 year
0.038939
100 year
0.042957
___________________________________________________________________
Water Quality BMP Flow and Volume for POC #1
On-line facility volume: 0.0057 acre-feet
On-line facility target flow: 0.0078 cfs.
Adjusted for 15 min: 0.0078 cfs.
Off-line facility target flow: 0.0044 cfs.
Adjusted for 15 min: 0.0044 cfs.
___________________________________________________________________
Perlnd and Implnd Changes
No changes have been made.
___________________________________________________________________
This program and accompanying documentation are provided 'as-is' without warranty of any kind. The entire risk
regarding the performance and results of this program is assumed by End User.
Clear Creek Solutions Inc. and
the governmental licensee or sublicensees disclaim all warranties, either expressed or implied, including but
not limited to implied warranties of program and accompanying documentation. In no event shall Clear Creek
Solutions Inc. be liable for any damages whatsoever (including without limitation to damages for loss of
business profits, loss of business information, business interruption, and the like) arising out of the use of,
or inability to use this program even if Clear Creek Solutions Inc. or their authorized representatives have
been advised of the possibility of such damages. Software Copyright © by : Clear Creek Solutions, Inc. 20052019; All Rights Reserved.

RPAC04: Governors Point
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Page 1

WWHM2012
PROJECT REPORT
___________________________________________________________________
Project Name: RPAC04-Lot 16 Drive-2,700 sf
Site Name: RPAC04: Governors Point
Site Address: Captured Driveway Area-2,700 sf
City
: 10-18-2019 MJD
Report Date: 10/18/2019
Gage
: Blaine
Data Start : 1948/10/01
Data End : 2009/09/30
Precip Scale: 0.80
Version Date: 2018/10/10
Version : 4.2.16
___________________________________________________________________
Low Flow Threshold for POC 1 : 50 Percent of the 2 Year
___________________________________________________________________
High Flow Threshold for POC 1: 50 year
___________________________________________________________________
PREDEVELOPED LAND USE
Name
: Driveway
Bypass: No

Area - 2,700 SF

GroundWater: No
Pervious Land Use
A B, Forest, Steep
Pervious Total
Impervious Land Use
Impervious Total

acre
.062
0.062
acre
0

Basin Total
0.062
___________________________________________________________________
Element Flows To:
Surface
Interflow
Groundwater
___________________________________________________________________
MITIGATED LAND USE
Name
: Captured Driveway - 2,700 sf
Bypass: No
GroundWater: No
Pervious Land Use

acre

RPAC04: Governors Point
Flow Rates for Lot 16 Captured Driveway Area
Pervious Total
Impervious Land Use
ROOF TOPS FLAT
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0
acre
0.062

Impervious Total

0.062

Basin Total
0.062
___________________________________________________________________
Element Flows To:
Surface
Interflow
Groundwater
___________________________________________________________________
ANALYSIS RESULTS
Stream Protection Duration
___________________________________________________________________
Predeveloped Landuse Totals for POC #1
Total Pervious Area:0.062
Total Impervious Area:0
___________________________________________________________________
Mitigated Landuse Totals for POC #1
Total Pervious Area:0
Total Impervious Area:0.062
___________________________________________________________________
Flow Frequency Return Periods for Mitigated. POC #1
Return Period
Flow(cfs)
2 year
0.019831
5 year
0.026403
10 year
0.030762
25 year
0.036294
50 year
0.040440
100 year
0.044612
___________________________________________________________________
Water Quality BMP Flow and Volume for POC #1
On-line facility volume: 0.0059 acre-feet
On-line facility target flow: 0.0081 cfs.
Adjusted for 15 min: 0.0081 cfs.
Off-line facility target flow: 0.0046 cfs.
Adjusted for 15 min: 0.0046 cfs.
___________________________________________________________________
Perlnd and Implnd Changes
No changes have been made.
___________________________________________________________________
This program and accompanying documentation are provided 'as-is' without warranty of any kind. The entire risk
regarding the performance and results of this program is assumed by End User.
Clear Creek Solutions Inc. and
the governmental licensee or sublicensees disclaim all warranties, either expressed or implied, including but
not limited to implied warranties of program and accompanying documentation. In no event shall Clear Creek
Solutions Inc. be liable for any damages whatsoever (including without limitation to damages for loss of
business profits, loss of business information, business interruption, and the like) arising out of the use of,
or inability to use this program even if Clear Creek Solutions Inc. or their authorized representatives have
been advised of the possibility of such damages. Software Copyright © by : Clear Creek Solutions, Inc. 20052019; All Rights Reserved.
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WWHM Analysis Results:
Land Use Assumptions:
Total Roof Area
Home*
Garage*

2,600 sf

QWQ =

0.0078 cfs

Q100 =

0.0430 cfs

1,800 sf

QWQ =

0.0054 cfs

Q100 =

0.0298 cfs

800 sf

QWQ =

0.0024 cfs

Q100 =

0.0132 cfs

* Prorated flow rates based on area
Driveway-Captured

2,700 sf

QWQ =

0.0081 cfs

Q100 =

0.0446 cfs

Driveway-Full

7,600 sf

QWQ =

0.0229 cfs

Q100 =

0.1250 cfs

Slope

0.33

2019 DOE Manual, Volume V, BMP T9.40, Vegetated Filter Strip, Page 875
1.67

KQ = (1.49/n)(T)(y

WATER QUALITY
Captured Driveway
House, Garage, &
Captured Driveway

0.5

)(s )

T (ft)
K Factor Width of
Flow

Area
(sf)

QWQ
(cfs)

2,700

0.0081

1.75

5,300

0.0159

1.75

1.67

KQ = (1.49/n)(T)(y

Flow
Depth
y
(ft)

Distance
for 9 min.
residence
V
time
(ft/sec)
(ft)

Slope
(ft/ft)

Type
n

25

0.330

0.100

0.0031

0.1823

98.5

25

0.330

0.100

0.0047

0.2388

129.0

0.5

)(s )

Slope
(ft/ft)

Type
n

Flow
Depth
y
(ft)

7

0.330

0.100

0.01328

0.48

1

5

0.330

0.100

0.01275

0.47

0.0430

1

7

0.330

0.100

0.01299

0.47

0.0876

1

13

0.330

0.100

0.01373

0.49

Prorated
Area
(sf)

T (ft)
K Factor Width of
Flow

Q100
(cfs)

DISPERSION
Driveway-Captured

2,700

0.0446

1

House

1,800

0.0298

House & Garage

2,600

House, Garage, &
Captured Driveway

5,300

V
(ft/sec)

RPAC04: Governors Point
Runoff for Road A-South Curb & Gutter Capture Area

September 25, 2019
Page 1

WWHM2012
PROJECT REPORT
___________________________________________________________________
Project Name: RPAC04-C&G Road A-South
Site Name: RPAC04: Governors Point
Site Address: Runoff for Road A-South 585 ft by 20.5 ft
City
: 9-25-2019 MJD
Report Date: 9/25/2019
Gage
: Blaine
Data Start : 1948/10/01
Data End : 2009/09/30
Precip Scale: 0.80
Version Date: 2018/10/10
Version : 4.2.16
___________________________________________________________________
Low Flow Threshold for POC 1 : 50 Percent of the 2 Year
___________________________________________________________________
High Flow Threshold for POC 1: 50 year
___________________________________________________________________
PREDEVELOPED LAND USE
Name
: Pre-Dev 585' x 20.5'
Bypass: No
GroundWater: No
Pervious Land Use
A B, Forest, Mod
Pervious Total
Impervious Land Use
Impervious Total

acre
0.275
0.275
acre
0

Basin Total
0.275
___________________________________________________________________
Element Flows To:
Surface
Interflow
Groundwater
___________________________________________________________________
MITIGATED LAND USE
Name
: Road 585' x 20.5'
Bypass: No
GroundWater: No
Pervious Land Use
Pervious Total

acre
0

RPAC04: Governors Point
Runoff for Road A-South Curb & Gutter Capture Area
Impervious Land Use
ROADS FLAT
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acre
0.275

Impervious Total

0.275

Basin Total
0.275
__________________________________________________________________
Element Flows To:
Surface

Interflow

Groundwater

___________________________________________________________________
ANALYSIS RESULTS
Stream Protection Duration
___________________________________________________________________
Predeveloped Landuse Totals for POC #1
Total Pervious Area:0.275
Total Impervious Area:0
___________________________________________________________________
Mitigated Landuse Totals for POC #1
Total Pervious Area:0
Total Impervious Area:0.275
___________________________________________________________________
Flow Frequency Return Periods for Predeveloped.
Return Period
Flow(cfs)
2 year
0.000194
5 year
0.00024
10 year
0.000267
25 year
0.000297
50 year
0.000318
100 year
0.000338

POC #1

Flow Frequency Return Periods for Mitigated. POC #1
Return Period
Flow(cfs)
2 year
0.087959
5 year
0.117109
10 year
0.136443
25 year
0.16098
50 year
0.179369
100 year
0.197876
___________________________________________________________________
Water Quality BMP Flow and Volume for POC #1
On-line facility volume: 0.0263 acre-feet
16.3 gpm
On-line facility target flow: 0.0363 cfs.
Adjusted for 15 min: 0.0363 cfs.
Off-line facility target flow: 0.0204 cfs.
Adjusted for 15 min: 0.0204 cfs.
___________________________________________________________________
Perlnd and Implnd Changes

RPAC04: Governors Point
Runoff for Road A-South Curb & Gutter Capture Area
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No changes have been made.
___________________________________________________________________
This program and accompanying documentation are provided 'as-is' without warranty of any kind.
The entire risk regarding the performance and results of this program is assumed by End User.
Clear Creek Solutions Inc. and the governmental licensee or sublicensees disclaim all warranties,
either expressed or implied, including but not limited to implied warranties of program and
accompanying documentation. In no event shall Clear Creek Solutions Inc. be liable for any
damages whatsoever (including without limitation to damages for loss of business profits, loss of
business information, business interruption, and the like) arising out of the use of, or
inability to use this program even if Clear Creek Solutions Inc. or their authorized
representatives have been advised of the possibility of such damages. Software Copyright © by :
Clear Creek Solutions, Inc. 2005-2019; All Rights Reserved.
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Runoff for Crossing Culvert 7.52 acre Basin
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Page 1

WWHM2012
PROJECT REPORT
___________________________________________________________________
Project Name: RPAC04-7.52 ac Basin
Site Name: RPAC04: Governors Point
Site Address: 7.52 acre Culvert Basin
City
: 8-30-2019 MJD
Report Date: 8/30/2019
Gage
: Blaine
Data Start : 1948/10/01
Data End : 2009/09/30
Precip Scale: 0.80
Version Date: 2018/10/10
Version : 4.2.16
___________________________________________________________________
Low Flow Threshold for POC 1 : 50 Percent of the 2 Year
___________________________________________________________________
High Flow Threshold for POC 1: 50 year
___________________________________________________________________
PREDEVELOPED LAND USE
Name
: Basin
Bypass: No
GroundWater: No
Pervious Land Use
C, Forest, Steep
Pervious Total
Impervious Land Use
Impervious Total

acre
7.52
7.52
acre
0

Basin Total
7.52
___________________________________________________________________
Element Flows To:
Surface
Interflow
Groundwater
___________________________________________________________________
MITIGATED LAND USE
Name
: Basin
Bypass: No
GroundWater: No
Pervious Land Use
C, Forest, Steep

acre
7.52

RPAC04: Governors Point
Runoff for Crossing Culvert 7.52 acre Basin
Pervious Total

August 30, 2019
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7.52

Impervious Land Use

acre

Impervious Total

0

Basin Total
7.52
___________________________________________________________________
Element Flows To:
Surface
Interflow
Groundwater
___________________________________________________________________
ANALYSIS RESULTS
Stream Protection Duration
___________________________________________________________________
Predeveloped Landuse Totals for POC #1
Total Pervious Area:7.52
Total Impervious Area:0
___________________________________________________________________
Mitigated Landuse Totals for POC #1
Total Pervious Area:7.52
Total Impervious Area:0
___________________________________________________________________
Flow Frequency Return Periods for Predeveloped.
Return Period
Flow(cfs)
2 year
0.196694
5 year
0.293685
10 year
0.346799
25 year
0.40197
50 year
0.435628
100 year
0.463998

POC #1

Flow Frequency Return Periods for Mitigated. POC #1
Return Period
Flow(cfs)
2 year
0.196694
5 year
0.293685
10 year
0.346799
25 year
0.40197
50 year
0.435628
100 year
0.463998
___________________________________________________________________
Perlnd and Implnd Changes
No changes have been made.
___________________________________________________________________
This program and accompanying documentation are provided 'as-is' without warranty of any kind. The entire risk regarding the
performance and results of this program is assumed by End User.
Clear Creek Solutions Inc. and the governmental licensee or
sublicensees disclaim all warranties, either expressed or implied, including but not limited to implied warranties of program and
accompanying documentation. In no event shall Clear Creek Solutions Inc. be liable for any damages whatsoever (including without
limitation to damages for loss of business profits, loss of business information, business interruption, and the like) arising
out of the use of, or inability to use this program even if Clear Creek Solutions Inc. or their authorized representatives have
been advised of the possibility of such damages. Software Copyright © by : Clear Creek Solutions, Inc. 2005-2019; All Rights
Reserved.
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Sizing of Dispersion Trench

Step 1:

Find Q100 undetained:
0.46 (cfs)

Step 2:

Q100

(From WWHM2012 Analysis for Mitigated flow to POC#1)

Determine height (Hbelowboard) of water before overflowing the grade board:
0.1667 (ft)

Step 3:

Color Codes:
Input Data
Formula driven cell

Hbelowboard (2" grade board notches)

Determine Q for one 2" tall x 2" wide triangular notch:
0.0153 (cfs)

Q
K = 2.7
tan (θ/2) = 0.5

Step 4:

Determine the number of 2" notches that are needed to prevent overflowing the grade board:
(# of Notches = Q100/Q, Rounded Up to the nearest whole number)
31 Notches

Step 5:

Determine the length (L) of the dispersion trench that is needed to accommodate the # of Notches (50 ft. Max):
48.0 (ft)
L
(Notches are spaced 18" O.C., therefore L = (# of Notches x 18") + 18")

Step 6:

Determine the Velocity (V) of flow as it flows through the # of Notches found in Step 4:
V=Q/A
0.53 ft/sec

The

50

ft. dispersion trench should accommodate flow from 100 year detained flow rate
without overtopping the grade board.

Double check the length (L) of Weir: (In case flow does overtop the grade board)
Step 7:

Determine the height (H) of the water over the board assuming no notches
Broad Crested Weir: Q = 3(L)H^3/2
H = [Q/(3(L))]^2/3

Step 8:

Check velocity
V=Q/A
0.44 ft/sec

H=

0.02 ft.
0.25 in.

RPAC04: Governors Point
Flow Rates for CAVFS on a 15% Slope
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WWHM2012
PROJECT REPORT
___________________________________________________________________
Project Name: RPAC04-Road B_N
Site Name: RPAC04: Governors Point
Site Address: Road B-North: 15% Slope Area
City
: 9-25-2019 MJD
Report Date: 9/25/2019
Gage
: Blaine
Data Start : 1948/10/01
Data End : 2009/09/30
Precip Scale: 0.80
Version Date: 2018/10/10
Version : 4.2.16
___________________________________________________________________
Low Flow Threshold for POC 1 : 50 Percent of the 2 Year
___________________________________________________________________
High Flow Threshold for POC 1: 50 year
___________________________________________________________________
PREDEVELOPED LAND USE
Name
: Road B - North
Bypass: No
GroundWater: No
Pervious Land Use
A B, Forest, Mod
Pervious Total
Impervious Land Use
Impervious Total

acre
0.0639
0.0639
acre
0

Basin Total
0.0639
___________________________________________________________________
Element Flows To:
Surface
Interflow
Groundwater
___________________________________________________________________
MITIGATED LAND USE
Name
: Road B - North 15%
Bypass: No
GroundWater: No
Pervious Land Use

acre

RPAC04: Governors Point
Flow Rates for CAVFS on a 15% Slope
Pervious Total

September 25, 2019
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0

Impervious Land Use
ROADS MOD

acre
0.0639

Impervious Total

0.0639

Basin Total
0.0639
___________________________________________________________________
Element Flows To:
Surface
Interflow
Groundwater
___________________________________________________________________
ANALYSIS RESULTS
Stream Protection Duration
___________________________________________________________________
Predeveloped Landuse Totals for POC #1
Total Pervious Area:0.0639
Total Impervious Area:0
___________________________________________________________________
Mitigated Landuse Totals for POC #1
Total Pervious Area:0
Total Impervious Area:0.0639
___________________________________________________________________
Flow Frequency Return Periods for Predeveloped.
Return Period
Flow(cfs)
2 year
0.000045
5 year
0.000056
10 year
0.000062
25 year
0.000069
50 year
0.000074
100 year
0.000079

POC #1

Flow Frequency Return Periods for Mitigated. POC #1
Return Period
Flow(cfs)
2 year
0.025163
5 year
0.034028
10 year
0.039978
25 year
0.047593
50 year
0.053343
100 year
0.059163
___________________________________________________________________
Perlnd and Implnd Changes
No changes have been made.
___________________________________________________________________
This program and accompanying documentation are provided 'as-is' without warranty of any kind. The entire risk regarding the
performance and results of this program is assumed by End User.
Clear Creek Solutions Inc. and the governmental licensee or
sublicensees disclaim all warranties, either expressed or implied, including but not limited to implied warranties of program and
accompanying documentation. In no event shall Clear Creek Solutions Inc. be liable for any damages whatsoever (including without
limitation to damages for loss of business profits, loss of business information, business interruption, and the like) arising
out of the use of, or inability to use this program even if Clear Creek Solutions Inc. or their authorized representatives have
been advised of the possibility of such damages. Software Copyright © by : Clear Creek Solutions, Inc. 2005-2019; All Rights
Reserved.
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