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This plan has been developed to conform to the content requirements of Volume |,
Section 3.1.7 of the DOE Stormwater Management Manual, which provides a plan
format and stipulates that the plan include information related to all other applicable
requirements of the manual. Also included is the required Construction Stormwater
Pollution Prevention (SWPP) plan required and described in Volume 1, Section 3.1.6.

Project Overview
Existing Conditions Summary
Permanent Stormwater Control Plan

Construction Stormwater
Pollution Prevention Plan
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Geotest Site Soils Investigation
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BMP T5.12 — Sheet Flow Dispersion
DOE Vol lll, Sect. 3.3.11 Infiltration Trenches
DOE Vol.V, Sect. 4.5.3 Qutfall Systems
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BMP C123 — Plastic Covering (for erosion)
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The proposed new Beach House is the second (along with the Cliff House) of two
single-family homes to be developed on individual tax parcels within the 51.6 acre
Runstad Estate at the south end of Blakely Island, as indicated in Figures 1 and 2. The
locations are tax parcels recently modified by boundary line adjustments and (in the
case of the Beach House) a simple land division for an unplatted parcel. Current estate
development includes a main house, cabin, caretaker's home, boat house, several
sheds and recreational facilities (tennis court and pool), as well as existing driveways
and utilities serving the facilities. Existing development on the 10.9 acre lot where the
Beach House is proposed includes the main common access road for properties at this
end of the island and some unimproved access driveways to the shore from this
roadway and from adjacent property to the east. Existing utilities are in the common
roadway. The home site is mostly grass cover with forest upland and to either side and
some tree cover along the south shoreline boundary. Slopes at the homesite are
generally less than 20% toward the south shoreline, but steepen uphill to the north from
the home site to as much as 40%. A new septic drainfield will be northeast of the new
home. The project involves construction of a new home and garage, a new septic
drainfield, extension of utilities to the house and a new driveway from the common
access road above. All existing features have been in place for much longer than 2
years. Impervious areas present and proposed on the home site parcel are as fo ws:

Improvement (location ref.: Fig. 4 & 5) Exist. Imperv. | New Imperv. Total
Area (sq.ft.) | Area(sq.ft) | (sq.ft)

ROOF/DECK:
Proposed home roof 4,818
Terrace and Path (beyond roof) 620

TOTAL IMPERV. ROOF/DECK or PATH: —_5,438 5,438
DRIVEWAY/PARKING (PGIS):
Existing Road/Driveway 6,000
New Driveway & Tum-around 6,300

TOTAL PGIS: 6,000 6,300 12,300
TOTAL IMPERV. SURFACE: 6,000 11,738 17,738

Disturbed area for the construction of the proposed new home, garage, driveway, and
utility improvements is estimated to be 25,000 sq. ft. (0.574 ac.), well below the DOE
3/4 acre threshold for native land conversion. Cut and fill work for the home siting
(includir~ ~-adir - to stabilize the uphill slope) is estimated to involve approx. 400 cu.
yds. of cut and bu cu. yds. of granular fill beneath slabs and at foundation drains.
Appurtenant structure grading is estimated to be 70 cu. yds of cut and fill for utility
trenching and septic drainfield as well as another 170 cu. yds. of driveway cut with
approximately 90 cu. yds of granular road base surfacing within the 200 ft. shoreline
setback and another 40 cu. yds. of cut and 25 cu. yds. of granular road base surfacing
of driveway area uphill beyond the 200 ft. shoreline setback.
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Existing Conditions Summary

The Runstad Estate is in a mostly forested area at the south end of E 1kely Island.
Existing development has resulted in large grassy areas and a pond surrounding
improvements that include a main house (The Great House) along with a boat house,
cabin, caretaker’s house, pool, tennis court, and several service sheds and related
driveways for access. Most of these improvements are in the flatter areas of the site
where ground slope is approximately 10% or less. The estate fronts on the shoreline of
Rosario Strait in northern Puget Sound. The proposed new Beach House is located on
a relatively flat grassy area along the shoreline. The shoreline bank drops off onto a
gravelly beach at the south boundary of the property. An existing common access road
for the south end of the island crosses the property above the homesite and includes
power and water utilities. The home site is currently undeveloped with unimproved
driveways coming down from the common access road and from adjacent lot
improvements along the shoreline to the east. Slopes at the new home site are 20% or
less toward the southerly shoreline and steepen to as much as 40% above the home
site. Tributary runoff toward the home site is from the steep hillside above and could be
significant. An aerial photo is provided in Appendix A to further indicate site conditions.

The U.S. Natural Resources Conservation Service 2007 Soil Survey for San Juan
County classifies the soil cover at the site. The proposed Beach House site is located
in an area classified as Hoypus sandy loam, 10 to 40% slopes (Unit 3012 on mapping
provided in Figure 3). This material is classified in Hydrologic Soil Group A (high
infiltration rate, low runoff potential). It should be noted, however, that the soil cover for
much of the upland tributary hillside area above the home has a high (Hydrologic Soil
Group D) runoff potential. More specific NRCS data is presented in Appendix A. In
addition, a site-specific investigation was conducted by GeoTest (copy of report in
Appendix A) indicating a presence of clayey material at shallow depth that may inhibit
surface infiltration in many locations.

Permanent Stonnwater Control Plan

The following discussion of compliance with stormwater control requirements describes
means to be used for stormwater control at the proposed new house and garage at this
site. Figures 4 and 5 indicate the proposed development improvements and runoff
control provisions to meet plan objectives in Requirements #3 through #10. The
applicability of each requirement and proposed plan features are as summarized below:

1. Source Control of Pollution (Requirement #3):

The presence of a home or cabin does not normally represent a significant
potential pollution source, and no activity proposed relative to this new
construction would be expected to introduce any new source of pollution other
than normal household septic waste that will be handled in a new state-of-the-art
permitted septic system. In addition, other site activities will be unchanged from
what has historically occurred for the other existing estate improvements, with
maintenance supplies and equipment being stored at existing locations off the
home site where they are already stored and used for other estate maintenance.
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2. Preservation of Natural Drainage Systems and Outfalls (Requirement #4):

Drainage from the project will be dispersed in the vicinity of the improvements in
a manner similar to the existing natural sheet runoff pattern across the home
site. Much of the hillside north of the home collects in an existing drainage swale
from a main access road culvert and is routed toward the east end of the home
site. This drainage route will be channeled to a new culvert beneath the
driveway at the east end of the home and maintain its current route south toward
the shoreline. Similarly, a significant portion of the watershed above the upper
portion of the proposed driveway also collects in a swale that discharges from an
existing road culvert and will also be routed through a new culvert across the
proposed driveway to maintain its existing flow pattern toward the shore. The
new driveway will maintain any residual sheet flow from the hillside by avoiding
ditch construction and routing cross-flow toward the grass vegetated slope on its
downhill side.

3. On-site Stormwater Management (Requirement #5):

The total proposed new impervious cover for the site is 11,738 sq. ft., with 6,300
sq. ft. of this being the new driveway. The driveway impervious surface area
(PGIS) does exceed the threshold requiring treatment, but the wide grassy
hillside slope downgradient will provide effect treatment as discussed in Section
4 regarding Requirement #6. Soil classification for the site identifies it as a
Hydrologic Soil Group A (high infiltration potential) site; however, the
geotechnical report for the site (copy in Appendix A) notes a presence of less
permeable clay material in many shallow depth areas, making reliance on
widespread infiltration capability unreliable. Since no fresh water resources
exists at or downgradient from the site that would make flow control necessary,
all aspects of stormwater control will focus on dispersion of runoff to avoid
erosion and basic treatment of driveway runoff.

Roof runoff will be handled by a combination of techniques conforming to options
available in DOE’s BMP T5.10, as noted in Figure 5. The small roof segments at
the garage (east) end will be handled at downspout splashblocks. The
remainder of the house roof will be routed to a 51 ft. long dispersion /infiltration
trench sufficient for the 3,596 sq. ft. area (based on 10 lin.ft. per 700 sq. ft. of
roof area, per BMP T5.10). The trench will be designed to incorporate infiltration
trench standards (mostly adding filter material) described in DOE Volume I,
Section 3.3.11 to maximize infiltration potential anticipated, while still relying on
dispersion criteria as a primary control mechanism. The infiltration potential and
lack of other nearby impervious runoff will overcome the 50 ft. length limitation in
BMP T5.10. The proposed trench detail is indicated in Figure 6.

Driveway, deck and pathway runoff will be dispersed as sheet flow into adjacent
vegetation in accordance with BMP T5.12.

In addition to control of runoff from new impervious surfaces, a primary need at
this location will be diversion of potential runoff from two hillside tributaries and
drainage channels immediately above the home site and the driveway. Analysis
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of these conditions using a unit hydrograph analysis of peak runoff (copy of
analysis provided in Appendix A) indicates the 100-yr, 24-hr peak runoff for the
14.3 ac. tributary above the home site and the 17.6 ac. tributary abor the
proposed driveway is 9.2 c.f.s. and 11.3 c.f.s., respectively. The GeoTest report
suggested that some measures might be taken to mitigate some of the runoff
above the home site through improvements along the existing main access road,;
however, the effectiveness of this is not certain and the approach taken here is
to conservatively provide for total flows estimated. Hydraulic analysis indicates
that 18" diam. culverts are needed at both locations with entrance conditions
requiring at least 0.75' of cover at the homesite culvert and 1.5' of cover along
the upper driveway to avoid overtopping. The outfalls from culverts will be
protected with rock in accordance with DOE Vol. V, Section 4.5.3. In addition, a
diversion channel is proposed to be constructed along the uphill side of the
home as part of the site preparation work. This and specific requirements to
maintain channel capacity from the hillside channel to the culvert around the east
end of the home are indicated in Figure 7. The channel improvements will be
stabilized during construction with grass cover in accordance with BMPs C120
and C201.

4. Runoff Treatment (Requirement #6):

The proposed new pollution-generating impervious surface (PGIS) for the new
driveway is estimated at 6,300 sq. ft., which exceeds the DOE basic treatment
threshold. Fortunately, the driveway will be constructed along a grassy hillside
that is mostly at or near a 20% sideslope and will be developed as a minor “cut”
rather than cut and fill (detail shown on Figure 6) in order to protect the existing
grassy vegetated slope integrity along the downhill side of the driveway. This will
make it possible to provide filter strip treatment of driveway sheetflow runoff in
accordance with BMP T9.50 along this lightly-traveled driveway.

5. Flow Control (Requirement #7):

The project does not effect fresh water resources on site or downgradient; so no
requirement for flow control is present. No specific flow controls beyond
dispersal of runoff are required or proposed.

6. Wetlands Protection (Requirement #8):

No wetlands of concermn have been identified on site or downstream to the
shoreline discharge; therefore, Minimum Requirement #8 does not apply.

7. Basin/Watershed Planning (Requirement #9):
We are not aware of any current basin or watershed planning effort that would
effect the actions proposed at this site. For this reason, no special

considerations are proposed to address Basin/Watershed Planning compliance
mentioned in Minimum Requirement #9.
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8. Operations and Maintenance (Requirement #10):

Operation and Maintenance to assure effectiveness of the control .. 2asures

proposed will require the foliowing:

a. Roof gutters and downspouts shall be maintained to assure their
effectiveness in collecting runoff and conveying it to dispersion facilities.
Gutter cleaning shall occur at least annually in the fall.

b. The catch basin structures set ahead of the roof downspout discharge
lines to collect debris from roof drains prior to entering the perforated-pipe
and subsurface drain material shall be inspected and cleaned as needed -
- at least annually in the fall.

c. Culverts beneath the driveway or paths shall be kept clear of debris and
sediment.
d. Crushed rock or gravel flow spreading areas shall be maintained to assure

creation of sheet flow conditions into vegetative buffers. Debris and
sediment shall be cleaned at least annually in the fall to the extent
necessary to maintain intended flow patterns.

e. The vegetated cover at grass channels, dispersion zones and filter strips
(as required in the appropriate BMP) shall be maintained in a manner that
preserves their effectiveness in treating and dispersing flow.
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RUNSTAD BEACH HOUSC
Blakely Island, WA

Construction Stormwater Pollution Prevention Plan

Minimum Requirement #2 is the creation of a Construction Stormwater Pollution
Prevention (SWPP) Plan that will be composed of 12 elements as herein described.
The contractor will be given a copy of this plan (including Appendix C copies of the
DOE Best Management Practices referenced) upon its approval to further clarify work
limits and requirements. Figure 8 provides a reference for the location of specifica '-
located measures discussed in this plan.

1. Mark Clearing Limits
All construction activity shall be confined to the building, driveway, and septic
drainfield sites. The boundary for the anticipated disturbed area is indicated in
Figure 8. Access will be limited to the permanent driveway location.
Establishment of silt fence sediment barriers or security fence marking will
sufficiently mark the clearing and construction limits. Security fence will consist
of bright-colored plastic security fencing or metal mesh fencing strung between
metal or wood posts to a height of at least 30". All clearing activity and
stockpiling of equipment and material for construction will be confined to the
designated construction site.

2. Establish Construction Access
Access will be restricted off the existing main access road to the proposed new
gravel-stabilized driveway in from the east end of the home site. This driveway
will be stabilized in the vicinity of the work site to conform to the stable entrance
requirements of BMP C105. In the event that any sediment or other materials
fall from trucks or equipment onto the driveway, this material will be cleaned-up
the same day.

3. Control Flow Rates
The upland hillside tributaries represents significant enough potential inflow
sources that completion of work during the dry season when virtually no runoff is
common for 3 or 4 months provides that best means for control of flow rates, in
that permanent culvert and diversion channel improvements can be in place and
stabilized before inflow occurs. Prior to this, any unusual flow that does occur
would be anticipated to be small enough that the normal sediment control
measures provided around the disturbed work areas (ltem No. 4, below) will be
sufficient to provide control.

4. Install Sediment Controls
Sediment control is to be provided by use of filter fabric silt fence (BMP C233) or
a vegetated strip (BMP C234) at the downgradient sides of the construction area.
Locations for sediment controls along the downhill side of the work area are
indicated in Figure 8.
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5. Stabilize Soils
Exposed areas of disturbed soil shall be stabilized using the DOE-approved best
management practices (BMPs) as necessary to meet the following required time
limitations for exposed soils on site, whether at final grade or not:
- From October 1 through Apnil 30, no soils shall remain exposed
and unworked for more than 2 days.
- From May 1 to September 30, no soils shall remain exposed
and unworked for more than 7 days.

Applicable practices that are available to stabilize soils include BMPs from the
DOE manual that are included in the appendix. The following practices are
specified for the work at this site:
Muiching of future lawn or landscape areas
Plastic Covering or stockpiled soil or other erodible material
Early application of gravel base matenal on future dnveway or concrete
slab surfaced areas
Dust Control as needed to address any residual issues that occur with the
above controls in place.

Stockpiles of soil or other erodible matenal shall be located where they are least
likely to experience erosion from runoff in the surrounding area and shall be
given special erosion control consideration (covering, etc.) due to the added
sedimentation potential created by the pile side slopes.

6. Protect Slopes
The home will be designed to fit the natural topography to the extent possible.
However, some minor grading along slopes on uphill side of the new driveway
and for the diversion channeling behind the new home will create slopes that will
need to be revegetated. Slopes along the driveway are expected to be short and
present no significant issues. More attention will be needed for the work behind
the home. Precautions at the home site excavation and at soil stockpiles will be
implemented to minimize slope erosion. Where exposed earth slopes occur,
they shall be protected in an appropriate manner such as the following:
a) Minimize the continuous length of slopes with terraces or diversions
and reduce slope steepness or roughen surface to reduce velocity.
b) Divert flow away from slope at top
Cc) Contain downslope collected flows in pipes, slope drains, or
protected channels
d) Provide drainage to remove ground water intersecting the slope
surface or exposed soil areas.
e) Excavated material shall be placed on the uphill side of trenches,
consistent with safety and space considerations
f) Check dams shall be placed at regular intervals within trenches that
are cut down a slope
g) Stabilize soils on slopes, as specified in Element ltem 5.
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7. Protect Drain Inlets
No drain inlets are proposed for the site.

8. Stabilize Channels and Outlets
The new channel work behind the home will be revegetated with grass, but some
attention to stabilization per Section 6 above and BMP C201 will need to be
applied to avoid erosion if not stabilized prior to the wet season. New culverts
across driveways will be provided with rock outfall protection per DOE Vol. V,
Sect. 4.5.3 during there construction (see notes on Figure 4). Where disturbed
ground is present upgradient, a gravel berm consistent with BMP C232 will be
maintained until stable vegetative cover is provided.

9. Control Pollutants
All materials used during construction that represent potential sources of
pollution shall be stored in a manner that prevents their introduction into storm
water. In general, this means they need to be stored in covered areas not
subject to direct runoff or flow from surrounding area runoff. More specifically:
a) Poliutants, including waste material and demolition debris, shall be
handled and disposed of in a manner that does not cause
contamination of stormwater
b) Cover, containment, and protection from vandalism shall be
provided for all chemicals, liquid products, petroleum products, and
non-inert wastes present on the site
c) Maintenance and repair of heavy equipment and vehicles involving
oil changes, hydraulic system drain down, solvent and de-greasing
cleaning operations, fuel tank drain down and removal, and other
activities which may result in discharge or spillage of pollutants to
the ground or into stormwater runoff must be conducted using sp
prevention measures, such as drip pans. Contaminated surfaces
shall be cleaned immediately following any discharge or spill
incident. Emergency repairs may be performed on-site using
temporary plastic placed beneath and, if raining, over the vehicle.
d) Application of agricultural chemicals, including fertilizers and
pesticides, shall be conducted in a manner and at application rates
that will not result in loss of chemical to stormwater runoff.
Manufacturers’ recommendations shall be followed for application.
e) Management of pH-modifying sources shall prevent contamination
of runoff and stormwater collected on the site. These sources
include, but are no limited to bulk cement, fly ash, new concrete
washing and curing waters, waste streams generated from
concrete grinding and sawing, exposed aggregate processes, and
concrete pumping and mixing waters. Concrete handling shall
conform to procedures in BMP C151, which requires all washdown
water or other discharged material that may contain Portland
cement residue to be discharged into confined formed areas
destined for future concrete placement. This would include the
footprint for the home and garage.
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10.  Control De-Watering
No de-watering operations are anticipated; however, in the event that unforeseen
wateris et w___2red in foundation or utility trench work that necessitate de-
watering, all water will be discharged to a temporary sediment trap prior to
release as part of the site runoff. The sediment trap shall conform to BMP C240
for sediment removal prior to discharge. Such excavations shall be completed in
a way that prevents overland runoff from entering them (selective placement of
spoils), such that only the de-watering pump discharge represents the inflow to
the trap. Considering that the de-watering rate will be limited to groundwater
inflow seepage rate to the trench and typical de-watering pump capacity woul
not be expected to exceed 5 gpm, the criteria in BMP C240 indicate that a 23 sq.
ft. surface area for the trap would be sufficient. Where such a trap is needed, it
is proposed that a 6 ft. x 6 ft. surface area be created to maintain the 6 ft. gravel
discharge width specified in BMP C240.

11. Maintain BMPs
The primary controls during construction will be sediment controls on
downgradient boundaries of the work area. Frequent inspection of these
facilities and immediate repair of deficiencies, cleaning of sediment buildup, etc.
will assure reasonable control at the site. All control features shall be inspected
at least weekly and maintained in accordance with the appropriate BMP.

12.  Manage the Project
Specific construction activity shall not occur until a site plan has been approved
by the San Juan County Building Department or septic siting approval obtained
from the San Juan County Health Department. In addition, a copy of any county
approval shall be provided to the contractor for implementation. A copy of any
permit provisions and this plan shall be kept at the site throughout construction.
Any modification of the SWPP plan must be approved by San Juan County.

Utility companies and subcontractors shall be advised of permit and SWPP plan
provisions prior to working at the site.

Site design features were developed to minimize adverse stormwater effects
permanently and during construction; therefore, few if any specific treatment
features are anticipated that require ongoing regular inspection. However, San
Juan County reserves the right to request sampling and analysis of stormwater
discharge to ensure compliance with DOE standards, and reserves the right to
request that the party engaged in construction retain a Certified Professional in
Erosion and Sediment Control to be on call for consuiting and inspection. (This
certification is provided by several regional programs such as are provided by the
Washington State Department of Transportation (WSDOT) and Associated
General Contractors (AGC).

Runstad Beach House Stormwater Site Plan (169), Aug. 2010 Page 19 of 19
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Map Unit Legend
San Juan County, Washington (WADS5)
Map Unit Symbol Map Unit Name Acres in AOI Percent of AOl
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Map Unit Description: Hoypus sandy loam, 10 to 40 percent slopes—San Juan RUI L 'E
County, Washington

San Juan County, Washington

3012—Hoypus sandy loam, 10 to 40 percent slopes

Map Unit Setting
Elevation: 0 to 400 feet
Mean annual precipitation: 20 to 35 inches
Mean annual air temperature: 48 to 50 degrees F
Frost-free period: 200 to 240 days

Map Unit Composition
Hoypus and similar soils: 95 percent
Minor components: 5 percent

Description of Hoypus

Setting
Landform: Hilislopes
Down-slope shape: Linear
Across-siope shape: Linear
Parent matenial: Glacial outwash

Properties and qualities
Slope: 10 to 40 percent
Depth to restrictive feature: More than 80 inches
Drainage class: Somewhat excessively drained
Capacity of the most limiting layer to transmit water (Ksat): High (1.98
to 5.95 in/hr)
Depth to water table: More than 80 inches
Frequency of flooding: None
Frequency of ponding: None
Available water capacity: Low (about 3.5 inches)

Interpretive groups
Land capability classification (irmigated). 7e
Land capability (nonirrigated): 6e
Ecological site: Pseudotsuga menziesii-Arbutus menziesii/
Holodiscus discolor/Goodyera oblongifolia (FO02XN901WA)

Typical profile
0 to 1 inches: Slightly decomposed plant material
1 to § inches: Sandy loam
5 to 20 inches: Loamy sand
20 to 36 inches: Very gravelly loamy sand
36 to 60 inches: Extremely gravelly sand

Lﬁﬁm Natural Resources Web Soil Survey 8/14/2010
Conservation Service National Cooperative Soil Survey Page 1 0f 2



Map Unit Description: Hoypus sandy loam, 10 to 40 percent slopes—San Juan
County, Washington

Minor Components

Rock outcrop
Percent of map unit: 5 percent

Data Source Information

Soil Survey Area: San Juan County, Washington
Survey Area Data: Version 10, Sep 28, 2009

RUNSTAD SITE

% Natural Resources Web Soil Survey
Conservation Service National Cooperative Soil Survey

81412010
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August 17, 2010
Job No. 10-0351

Jon Runstad

C/o Sullivan Conrad Architects
1305 East Jefferson Street
Seattle, WA 98122

Attn.: Jon Runstad

Re: Geotechnical Engineering Evaluation for
Proposed New “Beach House” Residence
Runstad - Whaleback Estate
Blakely Island, Washington
Unplatted Parcel, Proposed Parcel A (10.62 Acres)

Dear Mr. Runstad,

As requested, GeoTest Services, Inc. is pleased to submit this report summarizing the
results of our geotechnical engineering evaluation for the proposed single family
residence “Beach House” to be located on the proposed 10.62 acre Parcel A ot on
Blakely Island, Washington (see Figure 1, Vicinity Map). The purpose of this evaluation
is to establish general subsurface conditions beneath the site from which conclusions
and recommendations for foundation design and general site development can be
formulated. Specifically, our scope of services included the following tasks:

¢ Near surface exploration of soil and groundwater conditions underlying the site
by excavating four exploratory test pits with a tractor mounted backhoe.

o Laboratory testing on representative samples in order to classify and evaluate
the engineering characteristics of the soils encountered.

¢ Provide this written report containing a description of subsurface soil and
groundwater conditions, test pit logs, findings and recommendations pertaining to
site preparation and earthwork, fill and compaction, wet weather earthwork,
erosion control, seismic design, foundation recommendations, concrete slab-on-
grade construction, foundation and site drainage/infiltration potential, utilities,
temporary and permanent slopes, slope stability, roof downspout runoff control,
geotechnical consultation and construction monitoring.

PROJECT DESCRIPTION

We understand that there are plans to construct a new wood frame single family
residence referenced as the “Beach House”. The residence will be generally one story
with a partial second story loft. The structure will be supported by a conventional
shallow cast-in-place concrete foundation with slab-on-grade floor. The proposed
structure will be located approximately 50 feet back from the shoreline along a small un-
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named bay along Thatcher Pass. The proposed residence main finish floor elevation is
still undetermined at this time, however it will most likely be located at approximately
elevation 30 based on the preliminary topographic site plan, dated June 18, 2010,
provided by Sullivan Conard Architects. The proposed new driveway will consist of a
single lane gravel drive that splits from the main road near the existing caretaker's
residence and traverses the existing slope terminating at the east end of the residence.

SITE CONDITIONS

This section discusses the general surface and subsurface conditions observed at the
project site at the time of our field investigation. Interpretations of the site conditions are
based on the results of our review of available information, site reconnaissance,
subsurface explorations, laboratory testing, and our experience in the project vicinity.

General Geologic Conditions

Geologic information for the project site was obtained from the interactive Geologic Map
of Washington State, published by the Washington State Department of Natural
Resources (DNR). According to the DNR map, subsurface soils within the project area
consist of Pleistocene continental glacial till (Qgt) deposited during the Vashon Stade of
Fraser glaciation. Soils defined as glacial till typically consist of a dense, unsorte
mixture of boulders, cobbles, gravel, and sand in a matrix of silt and clay with some
lenses of sorted, stratified sand and gravel. This unit typically exhibits low pemmeability
and high shear strength, characteristics resuiting from compaction by the weight of a
glacier. Based on our subsurface explorations within the project site, the near surface
soils consist of a mix of variable depths of regraded fill and shallow silty sand deposits
associated with adjacent surface drainage features, which are intem underiain by the
mapped glacial till deposits. We anticipate that the majority of the proposed residence
foundation elements will be bearing on the less dense alluvial deposits and/or weathered
till horizons.

Soil Survey

According to the United States Department of Agnculture (USDA) Natural Resource
Conservation Service website, the subject property slope is mapped as Hoypus Sandy
Loam (3012), 10 to 40 percent slopes. According to the Soil Survey, the Hoypus Sandy
Loam is considered a “low” erosion hazard and has an erosion factor K (susceptibility of
a soil to sheet and rill erosion by water) of 0.05. Values of K range from 0.02 to 0.69,
and, the higher the value, the more susceptible the soil is to water erosion. Native site
soils observed on the property slope were generally consistent with the Soil Survey.

Coastal Zone Atlas

According to the Coastal Zone Atlas (Washington State Department of Ecology), the
subject property is mapped as being located within a stable shoreline siope area.

Surface Conditions
The property consists of a south facing shoreline slope and terraced area within a

currently unplatted lot within the Runstad — Whaleback Estate on the south side of
Blakely Island. The proposed residence is located at the base of a forested slope with
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minimal underbrush and prevalent field grass. The proposed residence location is
setback approximately 50 feet from the active shoreline slope, which was observed to
vary from approximately 6 to 10 feet in height. The shoreline is part of an unnamed cove
that is relatively protected from large wave storm events. Accordingly, we anticipate that
the toe of the shoreline slope is subject to a low erosion rate. Please refer to the
attached Site and Exploration Plan, Figure 2, for more detail.

The topography of the site slopes down to the south at a relatively constant slope from
the main road that crosses the upper approximate third of the property. The slope
inclination was measured to be approximately 23 degrees or approximately 40 to 45
percent. The property then becomes relatively flat, generally less than 10 percent, from
the toe of the slope to the existing shoreline embankment.

Vegetation within the upslope portions of the site consists of a sparse evergreen forest
with an understory composed of mostly field grass with few native shrubs. Based on our
observations of the site slope, no indications of large scale slides or slumps appeared to
have occurred in the past. Due to the presence of rock cliffs located upslope and off the
subject property to the north, some overland rock boulders have tumbied down the slope
throughout its history. No significant surface boulders were observed near the base of
the slope and it would appear that the potential for new boulders to reach the proposed
home location would be low as long as the siope remains forested.

At the time of our subsurface investigation, surface water was not observed on the site
slope. However, a seasonal stream ravine is present immediately above the eastern
portion of the proposed residence/garage location. We understand that this ravine will
support overland water flow in the wetter winter and early spring seasons depending on
rain fall events. Accordingly, we recommend that improvements to the main road
drainage system, located upslope and at the head of the ravine, be implemented in the
site development plan. We also recommend that appropriate site grading and creek
capture and diversion measures be included in the design and construction of the
proposed home location in order to sufficiently divert the seasonal creek around the
proposed home iocation. We anticipate that with appropriate design and construction
methodology that this can be successfully implemented.

Within the observed areas of the property slope, no obvious signs of recent slope failure,
significant erosion, or evidence of significant soil creep (usually evidenced by a
significant number of pistol-butted trees) were observed. Normal surficial soil movement
(creep), as is typical will any soil slope at the observed inclination, should be anticipated
throughout the live of property and would not be considered a hazard.

Subsurface Soil Conditions

Subsurface conditions were explored by excavating four test pit explorations (TP-1
through TP-4) on July 1, 2010. The test pits were advanced to depths between 2 and
5.5 feet below ground surface (BGS). Approximate locations of these explorations are
depicted on Figure 2, Site and Exploration Plan.

Approximately 6 to 8 inches of topsoil/forest duff was observed on the site, except within
test pit TP-1 where approximately 1 foot of fill was present at the ground surface. Within
test pit TP-1, we encountered approximately 1 foot of soft, brown/gray, wet, sandy clay
fill (CL) overlying approximately 1.5 feet of relic topsoil (OL). At a depth of approximately
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3 feet BGS, we encountered an approximate 10 inch thick layer of medium stiff, moist,
gray clay (CL). Below a depth of approximately 3.5 to 4 feet BGS, we encountered
dense, brown, moist gravelly, very silty sand (SM-glacial till) with cobbles and boulders
to the full exploration depth of approximately 5 feet BGS. Within the remaining test pits
and below the surficial topsoil, we encountered medium dense, brown to gray, moist,
gravelly very silty sand (SM-weathered glacial till) with significant cobbles and boulders
to the full depths of exploration except within test pit TP-3 where limited cobbles and
boulders were encountered. Our exploration depths were generally limited due to the
presence of the cobbles duning excavation. Please reference the attached test pit logs,
Figures A-2 and A-3, within Appendix A for more detail.

Groundwater

In general groundwater was not observed within our explorations except for isolated
perched seepage lenses within test pit TP-1 at depths of 1 and 3.5 feet BGS. The
observed seepage was perched within the relic topsoil layer and above the glacial till
contact at depth. Accordingly, it is our opinion that perched groundwater conditions both
within the upper near surface slope soils and/or above the dense glacial till at deeper
contacts between various soil horizons will be encountered during site development.
Accordingly, all site development is recommended to account for drainage provisions
during the design and construction phases.

The groundwater conditions reported on the test pit logs are for the specific locations
and dates indicated, and therefore may not necessarily be indicative of other locations
and/or times. Groundwater levels and/or seepage rates are not static and it is
anticipated that groundwater conditions will vary depending on local subsurface
conditions, season, precipitation, changes in land use both on and off site, and other
factors.

CONCLUSIONS AND RECOMMENDATIONS

Based upon evaluation of the data collected during this investigation, it is our opinion
that subsurface conditions at the site are suitable for the proposed development,
provided the recommendations contained herein are incorporated into the project
design.

We recommend that all topsoil, fill and the upper soft portions of the native soil
(generally 2 to 4 feet) be removed from below all structural areas and that footings be
placed on native, medium dense/dense glacial till soils or on a suitably prepared gravel
pad over till soils.

Reuse of portions the native sand and gravel as structural fill is considered feasible.
However, cobbles and boulders greater than 12 inches should be removed from any
replaced fill soils. We do not recommend the re-use of fine grained clayey native soils
as structural fill under load bearing areas due to their high clay content. Re-use of
suitable non-organic native soils with high fines contents is considered feasible in non-
structural areas and/or other landscaped areas.
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Site Preparation and Earthwork

Portions of the site to be occupied by proposed residential foundations, retaining walls or
slab-on-grades should be prepared by removing any topsoil, fill, unsuitable nz e soils
and/or significant accumulations of organics from the areas to be developed. Prior to
placement of any structural fill, the exposed subgrade under all areas to be developed
should be recompacted to a dense and unyielding condition and proof rolled with a
loaded dump truck, large self-propelled vibrating roller, or equivalent piece of equipment
applicable to the size of the excavation. The purpose of this effort is to identify possible
loose or soft soil deposits and recompact the soil exposed during site excavation
activities.

Proof rolling shouid be carefully observed by qualified geotechnical personnel. Areas
exhibiting significant deflection, pumping, or over-saturation that cannot be readily
compacted should be overexcavated to firm soil. Overexcavated areas should be
backfilled with compacted granular matenal placed in accordance with subsequent
recommendations for structural fill. Dunng periods of wet weather, proof rolling could
damage the exposed subgrade. Under these conditions, qualified geotechnical
personnel should observe subgrade conditions to detemmine if proof rolling is feasible.

Fill and Compaction

Structural fill used to obtain final elevations for foundations elements, soil-supported floor
slabs or driveway fills must be properly placed and compacted. In general, any suitable,
non-organic, predominantly granular soil may be used for fill material provided the
material is properly moisture conditioned prior to placement and compaction, and the
specified degree of compaction is obtained. Excavated site materal containing topsoil,
wood, organic material, or other debris will not be suitable for reuse as structurai fill and
shouid be properly disposed offsite.

Due to the site topography, we do not recommend that any fills be placed on the site
slopes other than those necessary to properly support the proposed driveway and/or
other applicable foundation elements. All fills on the site should be appropriately
retained and/or sloped. We recommend low-impact design methodology be utilized as
much as possible to mitigate against the potential for slope instability associated with
large cuts and fills.

Reuse of Onsite Soil

Generally, any granular site soils with relatively low fines contents are suitable for reuse.
However, due to the anticipated limited nature of the planned site excavations within the
residence footprint, reuse of applicable portions of suitable site soils appears limited.

Site soils containing more than approximately 5 percent fines are considered moisture
sensitive, and may be very difficult to compact to a firm and unyielding condition when
over the optimum moisture content by more than approximately 2 percent. The optimum
moisture content is that which allows the greatest dry density to be achieved at a given
level of compactive effort.
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Imported Structural Fill

We recommend that imported structural fill consist of clean, well-graded sandy gravel,
gravelly sand, or other approved naturally occurring granular matenal (pit run) with at
least 40 percent retained on the No. 4 sieve, or a well-graded crushed rock. Structural
fill for dry weather construction may contain on the order of 10 percent fines (that portion
passing the U.S. No. 200 sieve) based on the portion passing the U.S. No. 4 sieve. Soil
containing more than about 5 percent fines cannot consistently be compacted to a
dense, non-yielding condition when the water content is greater than optimum.

Accordingly, we recommend that imported structural fill with less than 5 percent fines be
used during wet weather conditions. Due to wet weather or wet site conditions, soil
moisture contents could be high enough that it may be very difficult to compact even
“clean” imported select granular fill to a firm and unyielding condition. Soils with over-
optimum moisture contents should be scarified and dried back to more suitable moisture
contents during periods of dry weather or removed and replaced with fill soils at a more
suitable range of moisture contents.

Backfill and Compaction

Structural fill should be piaced in horizontal lifts 8 to 10 inches in loose thickness and
thoroughly compacted. All structural fill placed under load bearing areas should be
compacted to at least 95 percent of the maximum dry density, as determined using test
method ASTM D 1557. The top of the compacted structural fill should extend outside all
foundations and other structural improvements a minimum distance equal to the
thickness of the fill beneath the foundation elements. We recommend that compaction
be tested penodically during the placement of the fill pad, as applicable.

Wet Weather Earthwork

The onsite near surface native soils are moisture sensitive. It is our expernience that
moisture sensitive native and/or imported soil is particularly susceptibie to degradation
during wet weather. As a result, it may be difficuit to control the moisture content of the
site soils during the wet season. If construction is accomplished during wet weather, we
recommend that structural fill consist of imported, clean, well-graded sand or sand and
gravel as described above. If fill is to be placed or earthwork is to be performed in wet
weather or under wet conditions, the contractor may reduce soil disturbance by:

Limiting the size of areas that are stripped of topsoil and left exposed
Accomplishing earthwork in small sections

Limiting construction traffic over unprotected soil

Sloping excavated surfaces to promote runoff

Limiting the size and type of construction equipment used

Providing gravel "working mats” over areas of prepared subgrade

Removing wet surficial soil prior to commencing fill placement each day

Sealing the exposed ground surface by rolling with a smooth drum compactor or
rubber-tired roller at the end of each working day

e Providing up-gradient perimeter ditches or low earthen berms and using

temporary sumps to collect runoff and prevent water from ponding and damaging
exposed subgrades.
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Erosion Control

The following recommendations are intended to prevent excessive erosion from
occurring during and after the construction phase of the project:

e All clearing and grading activities for the proposed development will need to
incorporate Best Management Practices (BPMs) for erosion control in
compliance with current San Juan County codes and standards. This report
does not include an Erosion Control and Sediment Plan for the proposed
development. This type of plan is typically prepared by a licensed civil engineer
and goes beyond the scope of our geotechnical evaluation of the site.

» We recommend leaving as much of the existing vegetation both upsiope and/or
downslope of the proposed improvements as possible. Leaving the existing
vegetation and planting additional brush and vegetation as soon as is reasonably
possible on subject slopes or within disturbed areas will help maintain near
surface slope stability by providing a stable root base within the near surface
soils. Removal of vegetation and trees, without proper mitigation, may increase
the risk of failure for the surficial soils duning perods of wet weather.

¢ Proper drainage controls have a significant effect on reducing excessive erosion.
Therefore, we recommend that drainage features include collection of all roof
water, footing drain and any other drainage features. Discharge from these
facilities should be directed into a suitable drainage system. All surface water
and any collected drainage water should not be allowed to run down the face of
site slopes or outlet onto or near the top of the site slopes.

e All areas disturbed by construction practices should be vegetated or otherwise
protected to limit the potential for erosion as soon as practical during and after
construction. Areas requiring immediate protection from the effects of erosion
should be covered with either plastic, muich or erosion control netting/blankets.
Areas requiring permanent stabilization should be seeded with an approved
grass seed mixture, or hydroseeded with an approved seed-mulch-fertilizer
mixture. We recommend that appropriate silt fencing be incorporated into the
construction plan for erosion control.

e Typically, subsurface conditions may result in the concentration of seepage
within particular soil zones. Two zones of potential near surface seepage are
anticipated: first, at the contact between the surficial filltopsoil and the underling
silty native soils and second, at the weathered/unweathered native contact above
the dense glacial till horizon. To intercept seepage and to limit erosion on cut
slopes and excavated areas that intercept groundwater seepage, it may be
necessary to place gravel drainage material or other mitigation methods over the
selected seepage zones. The need for drainage mitigation methods can best be
determined during construction and will most likely require field fitting.

Based on observations made dunng our site visit and assuming tt  the above
recommendations are incorporated into project construction, as well as appropnate
maintenance being carried out for the life of the project, it is our opinion that it is possible
to prevent significant erosion from occurring during site grading activities.
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Seismic Design Considerations

The Pacific Northwest is seismically active and the site could be subject to ground
shaking from a moderate to major earthquake. Consequently, moderate levels of
earthquake shaking should be anticipated during the design life of the project, and the
proposed residence structure should be designed to resist earthquake loading using
appropriate design methodology. The general absence of saturated sand conditions
below the site effectively precludes seismically induced soil liquefaction. in addition, due
to the generally stable slope conditions, it is anticipated that the residence location would
not be subject to seismically induced landslides, lateral spreading, or other ground
failure. However, impacts from a large magnitude seismic event can be somewhat
unpredictable.

Based on the seismic design provisions of the 2006 International Building Code,
structures comprising support within the generally dense (glacial till) or a suitably
prepared gravel pad should be designed for Site Class D, stiff soil profile, according to
Site Class Definitions, Table 1613.5.2. The corresponding values for calculating a
design response spectrum for the assumed soil profile type is considered appropriate for
the site.

Foundation Support and Settlement

It should be anticipated that 1.5 to 4 feet of uncontrolled fill, loose/soft organic topsoil,
relic topsoil and/or significantly weathered upper portions of the native soil may have to
be removed to reach suitable bearing conditions at the project site.

Foundation support for the proposed improvements may be provided by continuous or
isolated spread footings founded on:

o Proof-rolled, undisturbed, medium dense/dense, moist, gravelly, very silty sand
(glacial till) or on properly compacted structural fill placed directly over suitabty
prepared undisturbed native soil. We recommend that qualified geotechnical
personnel verify that suitable bearing conditions have been reached prior to
placement of structural fill or foundation formwork.

To provide proper support, we recommend that all existing uncontrolied fill, topsoil and
relic topsoil, and loose/soft, upper weathered portions of the native soil be removed from
beneath the residence foundation area(s) or replaced with properly compacted structural
fill as described above. In areas requiring overexcavation to competent native soil, the
limits of the overexcavation should extend laterally beyond the edge of each side of the
footing a distance equal to the depth of the excavation below the base of the footing.

In addition, we recommend that all foundation elements for the proposed residence bear
entirely on similar soil conditions in order to help reduce the potential for differential
settliement between varying foundation elements.

All continuous and isolated spread footings should be founded a minimum of 18 inches
below the lowest adjacent final grade for freeze/thaw protection. The footings should be

sized in accordance with the structural engineer's prescribed design criteria and seismic
considerations.
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A rable Bearing Caj ity

Assuming the gbove foundation support criteria are satisfied, continuous or isolated
spread footings founded directly on the near surface native medium dense/dense, moist,
gravelly, very silty sand (weathered glacial till) may be proportioned using a maximum
net allowable spil bearing pressure of 2,000 pounds per square ft (psf). For foundations
placed on imported granular structural fill placed directly over suitably prepared
undisturbed native soils, a net allowable soil bearing pressure of 2,500 psf may be
utilized in design.

The term "net allowable bearing pressure” refers to the pressure that can be imposed on
the soail at foundation level resulting from the total of all dead plus live loads, exclusive of
the weight of the footing or any backfill placed above the footing. The net allowable
bearing pressure may be increased by one-third for transient wind or seismic loads.

Foundation Settlement

Settlement of shallow foundations depends on foundation size and bearing pressure, as
well as the strength and compressibility characteristics of the underlying soil. Assuming
construction is accomplished as previously recommended and for the maximum
aliowable soil bearing pressure recommended above, we estimate the total settlement of
residence foundations should be less than about one inch and differential settlement
between two adjacent ioad-bearing components supported on competent soil should be
less than about one half the total settlement. The soil response to applied stresses
caused by building and other loads is expected to be predominantly elastic in nature,
with most of the settiement occurring duning construction as loads are applied.

Resistance to Lateral Loads

Passive earth pressures developed against the sides of building foundations, in
conjunction with friction developed between the base of the footings and the supporting
subgrade, will resist lateral loads transmitted from the structure to its foundation. For
design purposes, the passive resistance of well-compacted fill placed against the sides
of foundations may be considered equivalent to a fluid with a density of 250 pounds per
cubic ft. The recommended value includes a safety factor of about 1.5 and is based on
the assumption that the ground surface adjacent to the structure is level in the direction
of movement for a distance equal to or greater than twice the embedment depth. The
recommended value also assumes drained conditions that will prevent the buildup of
hydrostatic pressure in the compacted fill. In design computations, the upper 12 inches
of passive resistance should be neglected if the soil is not covered by floor slabs or
pavement. If future plans call for the removal of the soil providing resistance, the
passive resistance should not be considered.

An allowable coefficient of base friction of 0.25 for undisturbed native soil and an
allowable coefficient of base friction of 0.30 for import structural fill, applied to vertical
dead loads only, may be used between the underlying soil and the base of the footing.
However, if passive and frictional resistance are considered together, one half the
recommended passive soil resistance value should be used since larger strains are
required to mobilize the passive soil resistance as compared to frictional resistance. A
safety factor of about 1.5 is included in the base friction design value. We do not
recommend increasing the coefficient of friction to resist seismic or wind loads.

Page 9 of 16



GeoTes ces, Inc. August 17, 2010
Beach House Report, Runstad — Whaleback Estate, Blakely Island, WA Job No. 10-0351

The lateral earth pressures that develop against subsurface building and retaining walls
will depend on the method of backfill placement, degree of compaction, slope of backfill,
type of backfill material, provisions for drainage, magnitude and location of any adjacent
surcharge loads, and the degree to which the wall can yield laterally during or after
placement of backfill. if the walli is allowed to rotate or yield so the top of the wall moves
an amount equal to or greater than about 0.001 to 0.002 times its height (a yielding wall),
the soil pressure exerted will be the active soil pressure. When a subsurface wall is
restrained against lateral movement or tilting (a nonyielding wall), the soil pressure
exerted is the at-rest soil pressure. Wall restraint may develop if a rigid structural
network is constructed prior to backfilling or the wall is inherently stiff.

We recommend that yielding walls with level backfil under drained conditions be
designed for an equivalent fluid density of 35 pounds per cubic ft (pcf) for structural
backfill (pit run) in active soil conditions. Nonyielding walls with level backfill under
drained conditions should be designed for an equivalent fluid density of 55 pcf for at-rest
conditions. Design of subsurface walls should include appropnate lateral pressures
caused by surcharge loads located within a horizontal distance equal to or less than the
height of the wall. For uniform surcharge pressures, a uniformly distributed lateral
pressure equal to 35 percent and 50 percent of the vertical surcharge pressure shouid
be added to the lateral soil pressures for yielding and nonyielding walls, respectively.

Concrete Slabs-on-Grade

Conventional slab-on-grade floor construction is considered feasible for the planned site
improvements. Floor slabs may be supported on properly prepared native subgrade or
on properly placed and compacted structural fill placed over properly prepared native
soil. Prior to placement of the structural fill, the native soil should be approved as
recommended in the Site Preparation and Earthwork section of this report.

We recommend that interior concrete slab-on-grade floors be underlain by a minimum of
6 inches of compacted, clean, free-draining gravel with less than 5 percent passing the
U.S. Standard No. 200 sieve (based on a wet sieve analysis of that portion passing the
U.S. Standard No. 4 sieve). The purpose of this layer is to provide uniform support for
the slab, provide a capillary break, and act as a drainage layer. To help reduce the
potential for water vapor migration through floor slabs, at a minimum a continuous
impermeable membrane of 6- to 10-mil polyethylene sheeting with tape-sealed joints
should be installed below the slab. The American Concrete Institute (ACI) guidelines
suggest that the slab may either be poured directly on the vapor retarding membrane or
on a granular curing layer placed over the vapor retarding membrane depending on
conditions anticipated during construction. We recommend that the architect or
structural engineer specify if a curing layer should be used. If moisture control within the
building is critical, we recommend an inspection of the vapor retarding membrane to
verify that all openings have been properly sealed. Use of waterproofing additives to the
concrete and/or a thicker vapor barrier membrane can also be considered depending on
the level of moisture protection desired.

Due to the location of the seasonal ravine within the upsiope portion of the property
located behind the residence, it may also be advisable to include design provisions for
under-slab gravel drainage ditches that will help reduce the potential for ponded water to
collect beneath the proposed residence location.
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Exterior concrete slabs-on-grade, such as driveway slabs and/patios, may be supported
directty on undisturbed native or on properly placed and compacted structural fill;
however, long-term performance will be enhanced if exterior slabs are placed on a layer
of clean, durable, well-draining granular material.

Foundation and Site Drainage

To reduce the potential for groundwater and surface water to seep into interior spaces
we recommend that an exterior footing drain system be constructed at the applicable
areas around the perimeter of new residence foundation as shown in the Typical Footing
and Wall Drain Section, Figure 3. The drain should consist of a minimum 4-inch
diameter perforated pipe, surrounded by a minimum 12 inches of filtering media with the
discharge sloped to carry water to a suitable collection system. The filtering media may
consist of open-graded drain rock wrapped by a nonwoven geotextile fabric (such as
Mirafi 140N, Synthetic Industries 351, or equivalent) or a graded sand and gravel filter.
The drainage backfill should be carried up the back of the foundation wall to within
approximately 1 foot of the finished grade and contain less than 3 percent by weight
passing the U.S. Standard No. 200 sieve (based on a wet sieve analysis of that portion
passing the U.S. Standard No. 4 sieve). The invert of the footing drain pipe should be
placed at approximately the same elevation as the bottom of the footing or 12 inches
below the adjacent floor slab grade, whichever is deeper, so that water will not seep
through walls or floor siabs. The footing drain should discharge to an approved drain
system and include cleanouts to aliow periodic maintenance and inspection.

Positive surface gradients should be provided adjacent to the proposed residence to
direct surface water away from the foundation and toward suitable drainage facilities.
Roof drainage should not be introduced into the perimeter footing drains, but shouid be
separately discharged directly to the stormwater collection system or other appropriate
outlet. Pavement and sidewalk areas should be sloped and drainage gradients should
be maintained to carry all surface water away from the structure towards the local
stormwater collection system. Surface water should not be allowed to pond and soak
into the ground surface near the structure or paved areas during or after construction.
Construction excavations should be sloped to drain to sumps where water from
seepage, rainfall, and runoff can be collected and pumped to a suitable discharge
facility.

Based on our review of the upslope portions of the seasonal drainage ravine, it would
appear that a significant portion of the runoff volume could be collected and diverted by
improving the drainage collection at the main road culvert crossing focated upslope of
the residence location. Redirection and/or regrading of existing surface water runoff
paths and roadside ditches could divert a significant portion of the seasonal runoff. If
significant near surface seepage is encountered, installation of a French drain cut off
trench could also be implemented into the drainage improvement design.

At the residence location, a suitable overiand water runoff collection point, such as a
concrete pond or other feature is  ;ommended such that tt  seasonal runoff is suitably
diverted into a stream channel or culvert system that directs the runoff around the
residence location. We recommend that the designed collection and/or diversion system
not be located beneath any portion of the residence and/or garage foundation elements
in order to avoid long term maintenance and/or replacement conflicts.
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Utilities

it is important that utility trenches be properly backfilled and compacted to minimize the
possibility of cracking or localized loss of foundation, slab-on-grade or driveway support.
It is anticipated that excavations for new underground utilities will be in medium dense
slightly to very gravelly silty sand with significant cobbles and/or boulders (native soils).

Trench backfill in improved areas (beneath structures, slabs or driveway) should consist
of structural fill as defined earlier in this report with all oversized cobbles and/or boulders
removed. Outside of improved areas, trench backfill may consist of re-used onsite
native fill. Trench backfill shouid be placed and compacted in accordance with the report
section Fill and Compaction.

Actual trench configurations should be the responsibility of the contractor. All applicable
local, state, and federal safety codes should be followed. All open cuts should be
monitored by the contractor during excavation for any evidence of instability. If instability
is detected, the contractor should flatten the side slopes or install temporary shoring. If
groundwater or groundwater seepage is present, and the trench is not properly
dewatered, the soil within the trench zone may be prone to caving, channeling, and
running. Trench widths may be substantially wider than under dewatered conditions.

Temporary and Permanent Slopes

Actual construction slope configurations and maintenance of safe working conditions,
including temporary excavation stability, shall be the responsibility of the contractor, who
is able to monitor the construction activities and has direct controi over the means and
methods of construction. All applicable local, state, and federal safety codes should be
followed. All open cuts should be monitored during and after excavation for any
evidence of instability. If instability is detected, the contractor should flatten the side
slopes or install temporary shoring.

Temporary excavations in excess of 4 ft should be shored or sioped in accordance with
Safety Standards for Construction Work Part N, WAC 296-155-657.

Temporary unsupported excavations in the generally medium dense native soils
encountered at the project site are classified as a Type C soil according to WAC 296-
155-657 and may be sloped as steep as 1%2H:1V. All soils encountered are classified as
Type C soil in the presence of groundwater seepage. Flatter slopes or temporary
shoring may be required in areas where groundwater flow is present and unstable
conditions develop.

Temporary slopes and excavations should be protected as soon as possible using
appropriate methods to prevent erosion from occurring during periods of wet weather.

We recommend that permanent cut or fill slopes be designed for inclinations of 2H:1V or

flatter. All permanent cut slopes should be vegetated or otherwise protected to limit the
potential for erosion as soon as practical after construction.
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Landslide Hazard and Slope Stability

Based on the information gathered during our geotechnical evaluation, it is our opinion
that geologically hazardous areas — specifically landslide hazard conditions are minimal
above the proposed home site. No obvious signs of recent or historic instability or
evidence of severe soil creep were observed on the property slope at the time of our
evaluation. Due to the presence of relatively dense native glacial deposits observed and
interpreted to underlie the near surface soil horizon at the site, a deep-seated rotational
type failure affecting the proposed residence improvements appears unlikely to occur.

Rotational failures can extend down into the subsurface to substantial depths. These
failures typically leave geomorphic evidence of their existence on the slope. Typical
indicators are head scarps, tension cracks, sag ponds, seepage zones, hummocky
ground surface and slump blocks. Obvious visual indications of large scale slope
instability, such as those referenced above, or signs of excessive soil creep, as indicated
by excessive numbers or curvatures of pistol-butted tree trunks, were not observed
within the subject property.

The occasional rock toppled boulder was observed within the upper slope portion of the
property, however it is our opinion that the potential for an overland rolled bouider to
reach the residence location is minimal provided the slope remains forested.

We recommend leaving as much of the existing vegetation on the slope as possible.
Leaving the existing vegetation and planting additional brush and vegetation will help
maintain near surface slope stability by providing a stable root base within the near
surface soils. Removal of vegetation and trees, without proper mitigation, may increase
the risk of failure for the surficial soils during periods of wet weather.

Surface water runoff should not be aliowed to flow over the face of site slopes. To
reduce the chance of initiating instability, drain water collected from impervious surfaces
should be tightlined to a suitable discharge point located at the base of the site siope.

Due to the apparent global stability at the subject site and assuming the above
mentioned recommendations are carried out for the life of the project, it is our opinion
that large scale landslides are unlikely to occur which would affect the site of the
proposed new residence construction.

Stormwater/Roof Downspout Runoff Control

We recommend that all roof downspout runoff and/or any other coliected drainage water
for the proposed residence and site development be either tightlined to the base of the
shoreline slope, outlet into a suitable overland water course or discharged within a
properly designed infiltration trench, dispersion trench and/or point discharge (splash
block) location.

From the explorations excavated at the site, three representative soil samples we

selected and mechanically tested for grain size distribution and interpretation according
to the United States Department of Agriculture (USDA) soil textural classification.
Subsurface infiltration rates corresponding to the United States Department of
Agriculture (USDA) soil textural classification were obtained from the 2005 Washington
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State Department of Ecology Stormwater Management Manual for Western Washington,
Table 3.7, and are reproduced in Table 1 below.

TABLE 1
Test Pit Soil Sample Infiltration Rates
Based On The 2005 DOE Stormwater Management Manual Table 3.7

Tt | el | Clesiaton T Gedegio | et e
TP 45 Sandy Loam Glacial Till 0.25
TP-2 2 Sandy Loam Glacial Till 0.25
TP-3 4 Sand Local Alluvium 2

Note: Listed infiltration rates are long term (design) rates as stated in Table 3.7.

Based on the USDA textural classifications above and our interpretations of our soil logs,
we recommend a long-term design infiltration rate of 2 inches per hour be utilized for
preliminary stormwater design purposes within the area of test pit TP-3. Although an
infiltration rate of 0.25 can be obtained by sieve correlation of the glaciai till unit, it is our
expenence that the glacial till unit will perch groundwater and the actual infiltration rate of
glacial till is much slower in the in-situ condition. Accordingly, a small infiltration trench
and/or drywell appears feasible within the area of test pit TP-3, however dispersion
trenches, splash biocks and/or other direct discharge methods shouid be utilized within
the other planned stormwater discharge locations around the proposed new residence.

Geotechnical Consuitation and Construction Monitoring

GeoTest Services recommends that we be allowed to review the earthwork and
foundation portions of the design drawings and specifications prior to the start of
construction. The purpose of the review is to verify that the recommendations presented
in this report have been properly interpreted and incorporated in the final design and
specifications.

We recommend that geotechnical construction monitoring services be provided. These
services should include observation by GeoTest personnel during, foundation element
construction, applicable fill placement/compaction activities and subgrade preparation
operations to verify that design conditions are obtained beneath the proposed residence
improvements. We also recommend that periodic field density testing be performed,
where applicable, to verify that the appropriate degree of compaction is obtained. The
purpose of these services would be to observe compliance with the design concepts,
specifications, and recommendations of this report, and in the event subsurface
conditions differ from those anticipated before the start of construction, provide revised
recommendations appropriate to the conditions revealed during construction. GeoTest
Services would be pleased to provide these services for you.

GeoTest Services is also available to provide a full range of materiais testing and special
inspection during construction as required by the local building department and the
Intemational Building Code. This may include specific construction inspections on
matenals such as reinforced concrete, structural steel and other aspects of the planned
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construction. These services are supported by our fully accredited matenials testing
laboratory.

USE OF THIS REPORT

GeoTest Services has prepared this report for the exclusive use of Jon Runstad and his
design consultants for specific application to the design of the proposed “Beach House”
residence to be located on the proposed 10.62 acre parcel A within the Runstad —
Whaleback Estate on Blakely Island, Washington. Use of this report by others is at e
user's sole risk. This report is not applicable to other sites. Our services have been
conducted in accordance with generally accepted practices of the geotechnical
engineering profession; no other warranty, either express or implied, is made as to the
professional advice included in this report.

Our site explorations indicate subsurface conditions at the dates and locations indicated.
it is not warranted that they are representative of subsurface conditions at other
locations and times. The analyses, conclusions, and recommendations contained in this
report are based on site conditions to the limited depth of our explorations at the time of
our exploration program, a brief geological reconnaissance of the area, and review of
published geological information for the site. We assume that the explorations are
representative of the subsurface conditions throughout the site during the preparation of
our recommendations. If variations in subsurface conditions are encountered during
construction, we should be notified for review of the recommendations of this report, and
revision of such if necessary. If there is a substantial lapse of time between submission
of this report and the start of construction, or if conditions change due to construction
operations at or adjacent to the project site, we recommend that we review this report to
determine the applicability of the conclusions and recommendations contained herein.

The earthwork contractor is responsible to perform all work in conformance with all
applicable WISHA/OSHA regulations. GeoTest Services, Inc. should not be assumed to

be responsible for job site safety on this project, and this responsibility is specifically
disclaimed.
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We appreciate the opportunity to provide geotechnical services on this project and look
forward to assisting you during the construction phase. If you have any questions
regarding the information contained in this report, or if we may be of further service,
please contact the undersigned.

Respectfully Submitted,
GeoTest Services, Inc.

(aniel J. Sorensen]

Dan Sorenson, L.E.G.
Engineering Geologist

lexeres |2 /20 /10 ]

Dong-Soo Lee, P.E.
Geotechnical Engineer

Attachments: Figure 1 Site Vicinity Map
Figure 2 Site and Exploration Plan
Figure 3 Typical Footing and Walli Drain Section
Appendix A Field Explorations and Laboratory Testing
References:

Washington State Department of Natural Resources, Accessed May 2009. Washington Interactive Geologic
Map, Division of Geology and Earth Resources — Washington's Geological Survey.

Soil Survey website, Skagit County Area, WA, prepared by the USDA National Resource Conservation
Service. http://www.or.nrcs.usda.gov/pnw_soil'wa_reports htmi.
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APPENDIX A
FIELD EXPLORATIONS AND LABORATORY TESTING

Subsurface conditions at the site were explored on July 1, 2010. The exploration
program consisted of excavating 4 test pits (TP-1 through TP-4) at the approximate
locations illustrated on the Site and Exploration Plan, Figure 2 of this report. The test
pits were advanced with a tractor mounted backhoe to depths ranging between 2 and
5.5 feet below the existing ground surface. The backhoe was supplied by the owner.
The explorations were located in the field by taping from existing property features
shown the referenced plan. Exploration locations should be considered accurate to the
degree implied by the methods used.

The field explorations were coordinated and monitored by an engineering geologist from
our staff who obtained representative soil sampies, maintained a detailed record of
observed subsurface soil and groundwater conditions, and described the soil
encountered by visual and textural examination. Each representative soil type observed
was described using the soil classification system shown on Figure A-1, in general
accordance with ASTM D 2488, Standard Recommended Practice for Description of
Soils (Visual-Manual Procedure). Logs of the test pit explorations are presented on
Figures A-2 and A-3. These logs represent our interpretation of subsurface conditions
identified during the field explorations. The stratigraphic contacts shown on the
individual test pit logs represent the approximate boundaries between soil types; actual
transitions may be more gradual. Also, the soil and groundwater conditions depicted are
only for the specific date and locations reported, and therefore, are not necessarily
representative of other locations and times.

Representative soil samples encountered in the test pit explorations were obtained at
selected intervals, placed in sealed plastic bags, and transported to our laboratory for
further classification and testing. Laboratory tests were performed on representative soil
samples to characterize certain physical properties of the site soil. The laboratory
testing program was limited to visual inspection to confirm field soil descriptions,
determination of natural moisture content and soil grain size distribution.

The natural moisture contents of selected soil samples were determined in general
accordance with ASTM D 2216 test procedures. The results from the moisture
determinations are indicated on the summary logs, adjacent to the cormresponding
samples. Grain size analyses of selected soil samples were conducted in general
accordance with ASTM D 422 test procedures. The results are presented in the form of
grain size distribution curves on Figure A-4.
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Runoff Hydrograph for Area: Max Driveway Cross [  nage (11 _r-24hr
Area (A,ac.)= 17.600 Rainfall (P)= 3.60 Pot.Max.Nat.Detention (S)*= 2.048
----- “~on 24-hr. Design St-— **~*~yraph in Table ili-1.1 ¢~ ~*~—vater Manag Man. for the Puget Sound Basin}
—~ nme—%Precip. Kalma?ﬁe_ Cum. Rain | Cum. Rain. ;icessl Runoff | Cum.Vol.
{min.) p{in./10r~~ )| Pr(in.) Qd (in.) ™ Q (cfs)***| (ac.ft ‘™"
0 0.00 h) 0.000 0.0uu 0.000 u.uU
10 0.40 0.0144 0.014 0.000 0.000 0.00
20 0.40 0.0144 0.029 0.000 0.000 0.00
30 0.40 0.0144 0.043 0.000 0.000 0.00
40 0.40 0.0144 0.058 0.000 0.000 0.00
50 0.40 0.0144 0.072 0.000 0.000 0.00
60 0.40 0.0144 0.086 0.000 0.000 0.00
70 0.40 0.0144 0.101 0.000 0.000 0.00
80 0.40 0.0144 0.115 0.000 0.000 0.00
S0 0.40 0.0144 0.130 0.000 0.000 0.00
100 0.40 0.0144 0.144 0.000 0.000 0.00
110 0.50 0.018 0.162 0.000 0.000 0.00
120 0.50 0.018 0.180 0.000 0.000 0.00
130 0.50 0.018 0.198 0.000 0.000 0.00
140 0.50 0.018 0.216 0.000 0.000 0.00
150 0.50 0.018 0.234 0.000 0.000 0.00
160 0.50 0.018 0.252 0.000 0.000 0.00
170 0.60 0.0216 0.274 0.000 0.000 0.00
180 0.60 0.0216 0.295 0.000 0.000 0.00
190 0.60 0.0216 0.317 0.000 0.000 0.00
200 0.60 0.0216 0.338 0.000 0.000 0.00
210 0.60 0.0216 0.360 0.000 0.000 0.00
220 0.60 0.0216 0.382 0.000 0.000 0.00
230 0.70 0.0252 0.407 0.000 0.000 0.00
240 0.70 0.0252 0.432 0.000 0.026 0.00
250 0.70 0.0252 0.457 0.001 0.089 0.00
260 0.70 0.0252 0.482 0.002 0.151 0.00
270 0.70 0.0252 0.508 0.004 0.210 0.01
280 0.70 0.0252 0.533 0.007 0.268 0.01
290 0.82 0.02952 0.562 0.011 0.384 0.01
300 0.82 0.02952 0.5692 0.015 0.457 0.02
310 0.82 0.02952 0.621 0.020 0.527 0.03
320 0.82 0.02952 0.651 0.025 0.595 0.03
330 0.82 0.02952 0.680 0.032 0.660 0.04
340 0.82 0.02952 0.710 0.038 0.722 0.05
350 0.95 0.0342 0.744 0.047 0.912 0.06
360 0.95 0.0342 0778 0.056 0.989 0.08
370 0.95 0.0342 0813 0.066 1.063 0.0
380 0.95 0.0342 0.847 0.077 1134 0.1
390 0.95 0.0342 0.881 0.088 1.202 0.12
400 0.95 0.0342 0.915 0.100 1.267 0.14
410 1.34 0.04824 0.963 0.118 1.894 0.16
420 1.34 0.04824 1.012 0.137 2.012 0.19
430 1.34 0.04824 1.060 0.157 2124 0.22
440 1.80 0.0648 1.125 0.185 3.018 0.25
450 1.80 0.0648 1.189 0.215 3.196 0.29
460 3.40 0.1224 1.312 0.276 6.481 0.36
470 5.40 0.1944 1.506 0.382f 11.341 0.48
480 2.70 0.0972 1.603 0.440 6.092 0.60
490 1.80 0.0648 1.668 0.479 4.200 0.68
500 1.34 0.04824 1.716 0.509 3.194 0.73
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Max Driveway Cross Drainage (100yr-24hr
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1ime %Precip.| Rainfall Cum. Rain | Cum. Rain. Excess | Runoff | Cum.Vol.
(min.) p(in/10min.){ Pr(in) | Qd(in)"™ LQ (cfs)™| | (ac.ft.)™™* |
510 1.34 0.04824 1.765 U.b4u 3.250 0.77
520 1.34 0.04824 1.813 0.571 3.302 0.82
530 0.88 0.03168 1.845 0.591 2.196 0.85
540 0.88 0.03168 1.876 0.612 2.218 0.88
550 0.88 0.03168 1.908 0.633 2.238 0.91
560 0.88 0.03168 1.940 0.654 2.258 0.95
570 0.88 0.03168 1.971 0.676 2.278 0.98
580 0.88 0.03168 2.003 0.697 2.297 1.01
590 0.88 0.03168 2.035 0.719 2.315 1.04
600 0.88 0.03168 2.066 0.741 2.334 1.07
610 0.88 0.03168 2.098 0.763 2.351 1.10
620 0.88 0.03168 2.130 0.785 2.368 1.14
630 0.88 0.03168 2.161 0.808 2.385 1.17
640 0.88 0.03168 2.193 0.830 2.401 1.20
650 0.72 0.02592 2219 0.849 1.977 1.23
660 0.72 0.02592 2.245 0.867 1.987 1.26
670 0.72 0.02592 227 0.886 1.997 1.29
680 0.72 0.02592 2.297 0.905 2.007 1.32
690 0.72 0.02592 2.323 0.924 2.017 1.34
700 0.72 0.02592 2.349 0.943 2.027 1.37
710 0.72 0.02592 2.375 0.962 2.036 1.40
720 0.72 0.02592 2.400 0.981 2.046 1.43
730 0.72 0.02592 2.426 1.001 2.055 1.46
740 0.72 0.02592 2.452 1.020 2.064 1.4
750 0.72 0.02592 2.478 1.040 2.073 1.51.
760 0.72 0.02592 2.504 1.059 2.081 1.54
770 0.57 0.02052 2.525 1.075 1.654 1.57
780 0.57 0.02052 2.545 1.090 1.659 1.5¢
790 0.57 0.02052 2.566 1.106 1.664 1.61
800 0.57 0.02052 2.586 1.121 1.669 1.64
810 0.57 0.02052 2.607 1.137 1.674 1.66
820 0.57 0.02052 2.627 1.153 1.679 1.68
830 0.57 0.02052 2.648 1.169 1.684 1.71
840 0.57 0.02052 2.668 1.185 1.689 1.73
850 0.57 0.02052 2689 1.201 1.693 1.75
860 0.57 0.02052 2.709 1.216 1.698 1.78
870 0.57 0.02052 2.730 1.232 1.702 1.80
880 0.57 0.02052 2.750 1.248 1.707 1.82
890 0.50 0.018 2.768 1.263 1.501 1.84
900 0.50 0.018 2.786 1.277 1.504 1.87
910 0.50 0.018 2.804 1.291 1.508 1.89
920 0.50 0.018 2.822 1.305 1.511 1.91
930 0.50 0.018 2.840 1.319 1.514 1.93
940 0.50 0.018 2.858 1.334 1.517 1.95
950 0.50 0.018 2.876 1.348 1.521 1.97
960 0.50 0.018 2.894 1.362 1.524 1.99
970 0.50 0.018 2.912 1.376 1.527 2.01
980 0.50 0.018 2.930 1.391 1.530 2.03
990 0.50 0.018 2.948 1.405 1.533 2.05
1000 0.50 0.018 2.966 1.420 1.536 2.08
1010 0.40 0.0144 2.981 1.431 1.231 2.09







Area (A,ac.)=

Runoff Hydrograph for Area:
Rainfall (P)= 3.60

14.300

Max B.House upland flow (100yr-24hr)
Pot.Max.Nat.Detention (S)*=

2.048

™=~~~ upon 24-hr. Des*~~ “*~— Hyetograph in Table IlI-1.1 of §*~—~ ~ter M---~.Man. for *~~ “uget S¢'*~~ "asin’

1ime %Precip.| Rainfall Cum. Rain | Cum. Rain. excess | kunoff | Gum.Vou.
(min.) in/10min.)| Pr(in.) Qd (in.) ** Q (cfs)***| (ac.ft.)****
0 0.00 0 0.000 0.000 0.000 0.00
10 0.40 0.0144 0.014 0.000 0.000 0.00
20 0.40 0.0144 0.029 0.000 0.000 0.00
30 0.40 0.0144 0.043 0.000 0.000 0.00
40 0.40 0.0144 0.058 0.000 0.000 0.00
50 0.40 0.0144 0.072 0.000 0.000 0.00
60 0.40 0.0144 0.086 0.000 0.000 0.00
70 0.40 0.0144 0.101 0.000 0.000 0.00
80 0.40 0.0144 0.115 0.000 0.000 0.00
90 0.40 0.0144 0.130 0.000 0.000 0.0C
100 0.40 0.0144 0.144 0.000 0.000 0.0c
110 0.50 0.018 0.162 0.000 0.000 0.00
120 0.50 0.018 0.180 0.000 0.000 0.00
130 0.50 0.018 0.198 0.000 0.000 0.00
140 0.50 0.018 0.216 0.000 0.000 0.00
150 0.50 0.018 0.234 0.000 0.000 0.00
160 0.50 0.018 0.252 0.000 0.000 0.00
170 0.60 0.0216 0.274 0.000 0.000 0.00
180 0.60 0.0216 0.295 0.000 0.000 0.00
190 0.60 0.0216 0.317 0.000 0.000 0.00
200 0.60 0.0216 0.338 0.000 0.000 0.00
210 0.60 0.0216 0.360 0.000 0.000 0.00
220 0.60 0.0216 0.382 0.000 0.000 0.00
230 0.70 0.0252 0.407 0.000 0.000 0.0C
240 0.70 0.0252 0.432 0.000 0.021 0.0C,
250 0.70 0.0252 0.457 0.001 0.073 0.0C
260 0.70 0.0252 0.482 0.002 0.123 0.00
270 0.70 0.0252 0.508 0.004 0.171 0.00
280 0.70 0.0252 0.533 0.007 0.218 0.01
290 0.82 0.02952 0.562 0.011 0.312 0.01
300 0.82 0.02952 0.592 0.015 0.371 0.02
310 0.82 0.02952 0.621 0.020 0.428 0.02
320 0.82 0.02952 0.651 0.025 0.483 0.03
330 0.82 0.02952 0.680 0.032 0.536 0.03
340 0.82 0.02952 0.710 0.038 0.587 0.04
350 0.95 0.0342 0.744 0.047 0.741 0.05
360 0.95 0.0342 0.778 0.056 0.803 0.06
370 0.95 0.0342 0.813 0.066 0.864 0.07
380 0.95 0.0342 0.847 0.077 0.921 0.09
390 0.95 0.0342 0.881 0.088 0.977 0.10
| 400 | nor nN242 noas 0.100 1.030 0.11
410 1.04 v.uv4os4 U.y0J 0.118 1.539 0.13
420 1.34 0.04824 1.012 0.137 1.635 0.15
430 1.34 0.04824 1.060 0.157 1.725 0.18
440 1.80 0.0648 1.125 0.185 2.452 0.20
450 1.80 0.0648 1.189 0.215 2.597 0.24
460 3.40 0.1224 1.312 0.276 5.266 0.29
470 5.40 0.1944 1.506 0.382 9.215 0.39
480 2.70 0.0972 1.603 0.440 4.949 0.49
490 1.80 0.0648 1.668 0.479 3.413 0.55
500 1.34 0.04824 1.716 0.509 2.596 0.59




Runoff Hydrograph for Area: Max B.House upland flow (100yr-24hr)
Area (A,ac.)= 14.300 Rainfall (P)= 3.60 Pot.Max.Nat.Detention (S)*= 2.048
J_--.l .._M [N, l'\-_:_-r [ o7 P ——" u.-t--raur- R VS PR 1T I I e 4 o’.l

1ime Yovrecip.] xamnrall cum.RKamn (C_.___ .

(min.) inJ10min.)| Pr (in. Qd (in.) ** | Q (cfs)***] (ac.ft.)™*
510 1.34 0.04824 1.765 0.540 2.640 0.63
520 1.34 0.04824 1.813 0.571 2683 0.66
530 0.88 0.03168 1.845 0.591 1.785 0.69
540 0.88 0.03168 1.876 0.612 1.802 0.72
550 0.88 0.03168 1.908 0.633 1.819 0.74
560 0.88 0.03168 1.940 0.654 1.835 0.77
570 0.88 0.03168 1.971 0.676 1.851 0.79
580 0.88 0.03168 2.003 0.697 1.866 0.8z
590 0.88 0.03168 2.035 0.719 1.881 0.8¢
600 0.88 0.03168 2.066 0.741 1.896 0.87
610 0.88 0.03168 2.098 0.763 1.910 0.90
620 0.88 0.03168 2.130 0.785 1.924 0.92
630 0.88 0.03168 2.161 0.808 1.938 0.95
640 0.88 0.03168 2.193 0.830 1.951 0.98
650 0.72 0.02592 2.219 0.849 1.606 1.00
660 0.72 0.02592 2.245 0.867 1.615 1.02
670 0.72 0.02592 2.271 0.886 1.623 1.05
680 0.72 0.02592 2.297 0.905 1.631 1.07
690 0.72 0.02592 2.323 0.924 1.639 1.09
700 0.72 0.02592 2.349 0.943 1.647 1.11
710 0.72 0.02592 2.375 0.962 1.655 1.14
720 0.72 0.02592 2.400 0.981 1.662 1.16
730 0.72 0.02592 2.426 1.001 1.670 1.18
740 0.72 0.02592 2452 1.020 1.677 1.21
750 0.72 0.02592 2.478 1.040 1.684 123
760 0.72 0.02592 2.504 1.059 1.691 1.25
770 0.57 0.02052 2.525 1.075 1.344 1.27
780 0.57 0.02052 2.545 1.090 1.348 1.29
790 0.57 0.02052 2.566 1.106 1.352 1.31
800 0.57 0.02052 2.586 1.121 1.356 1.33
810 0.57 0.02052 2.607 1.137 1.360 1.35
820 0.57 0.02052 2.627 1.153 1.364 1.37
830 0.57 0.02052 2.648 1.169 1.368 1.39
840 0.57 0.02052 2.668 1.185 1.372 1.40
850 0.57 0.02052 2.689 1.201 1.376 1.4z
860 0.57 0.02052 2.709 1.216 1.380 1.44
870 0.57 0.02052 2.730 1.232 1.383 1.4€
880 0.57 0.02052 2.750 1.248 1.387 1.4¢
890 0.50 0.018 2.768 1.263 1.220 1.5C
900 0.50 0.018 2.786 1.277 1.222 1.62
910 0.50 0.018 2.804 1.291 1.225 1.53
920 0.50 0.018 2.822 1.305 1.228 1.55
930 0.50 0.018 2.840 1.319 1.230 1.57
940 0.50 0.018 2.858 1.334 1.233 1.58
950 0.50 0.018 2.876 1.348 1.236 1.60
960 0.50 0.018 2.894 1.362 1.238 1.62
970 0.50 0.018 2.912 1.376 1.241 1.63
980 0.50 0.018 2.930 1.391 1.243 1.65
990 0.50 0.018 2.948 1.405 1.246 1.67

1000 0.50 0.018 2.966 1.420 1.248 1.69
1010 0.40 0.0144 2.981 1.431 1.000 1.70




Runoff Hydrograph for Area: Max B.House upland flow (100yr-24hr)

Area (A,ac.)= 14.300 Rainfall (P)= 3.60 Pot.Max.Nat.Detention (S)*= 2.048
_r‘"j_l.ﬂ‘ na ‘I__"‘“:-l:“"** 'L'*“-E, P TR a4 s "““1_1"“‘“:" 0t Tt Meet Soemd Oagin ‘
lime YoPrecip. rannall Lum. Kan | Lum, Kain. cxcess | ~unull | Lum.Vol.
(min.) p(in/10min.)| Pr“-) Qd (in.) ** Q (cfe\***l (ac.ft.)™** |
1020 0.40 0.0144] = 2.995 1.443 1.uue 1.72
1030 0.40 0.0144 3.010 1.454 1.003 1.73
1040 0.40 0.0144 3.024 1.466 1.005 1.74
1050 0.40 0.0144 3.038 1.478 1.006 1.7€
1060 0.40 0.0144 3.053 1.489 1.008 1.77
1070 0.40 0.0144 3.067 1.501 1.008 1.79
1080 0.40 0.0144 3.082 1.513 1.011 1.80
1090 0.40 0.0144 3.096 1.524 1.012 1.81
1100 0.40 0.0144 3.110 1.636 1.013 1.83
1110 0.40 0.0144 3.125 1.548 1.015 1.84
1120 0.40 0.0144 3.139 1.660 1.016 1.85
1130 0.40 0.0144 3.154 1.671 1.018 1.87
1140 0.40 0.0144 3.168 1.683 1.019 1.88
1150 0.40 0.0144 3.182 1.595 1.020 1.80
1160 0.40 0.0144 3.197 1.607 1.022 1.91
1170 0.40 0.0144 3.211 1.618 1.023 1.93
1180 0.40 0.0144 3.226 1.630 1.024 1.94
1190 0.40 0.0144 3.240 1.642 1.026 1.95
1200 0.40 0.0144 3.254 1.654 1.027 1.97
1210 0.40 0.0144 3.269 1.666 1.028 1.98
1220 0.40 0.0144 3.283 1.678 1.029 2.00
1230 0.40 0.0144 3.298 1.690 1.031 2.01
1240 0.40 0.0144 3.312 1.702 1.032 2.02
1250 0.40 0.0144 3.326 1.714 1.033 2.04
1260 0.40 0.0144 3.341 1.726 1.034 2.05
1270 040 0.0144 3.355 1.738 1.036 2.07
1280 0.40 0.0144 3.370 1.750 1.037 2.08
1290 0.40 0.0144 3.384 1.762 1.038 2.10
1300 0.40 0.0144 3.398 1.774 1.039 2.11
1310 0.40 0.0144 3.413 1.786 1.040 2.12
1320 0.40 0.0144 3.427 1.798 1.042 2.14
1330 0.40 0.0144 3.442 1.810 1.043 2.1¢
1340 0.40 0.0144 3.456 1.822 1.044 217
1350 0.40 0.0144 3.470 1.834 1.045 218
1360 0.40 0.0144 3.485 1.846 1.046 2.20
1370 0.40 0.0144 3.499 1.858 1.047 2.21
1380 0.40 0.0144 3.514 1.870 1.048 2.23
1390 0.40 0.0144 3.528 1.882 1.050 2.24
1400 0.40 0.0144 3.542 1.894 1.051 2.25
1410 0.40 0.0144 3.557 1.907 1.052 227
1420 0.40 0.0144 3.571 1.919 1.053 2.28
1430 0.40 0.0144 3.586 1.931 1.054
1aan " 40 0.0144 A RNN 1.943 1.0565

wnmurE. 9 = (rwwureny- 10 - [for this steep forested slope, Max Ln=os ano >=2.048]
= formula: (Pr-0.28)"2/(Pr+0.8S); however, if Ptotal<0.2S, Qd=0.00 inches
*** formula: (Rainfall excess-Prev.Rainfall excess, in./10min.)*(1 ft./12in.)*(1 min./60 sec.)*(A acres)*(43,560 sq.ft./acre)
** formula: (Q + Qprev.)/2*(60 sec./min.)*(10 min.)/(43,560 sq.ft./ac.)+prev.vol.= 0.0138*(Q+Qprev)/2+prev.vol. ac.ft.
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