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INTRODUCTION
The applicant is proposing to subdivide Parcel 3 of City of Salem Planning Case No.: PAR19-11 into a total

of five lots. Four of the lots will be on the westerly side of Waln Creek and one on the easterly side. The
parcel of land to be developed is Tax Lot 2501 of Marion County Assessor's Map 08 3W 14CB and is
approximately 1.77-acres in size. Supporting maps are in Appendix A of this report. An aerial image is
below. It should be noted that the easterly lot has been approved to develop a new two building
apartment complex with 24 dwelling units. A drainage report for that development has been submitted
to the City of Salem Public Works for review and approval. The report has been attached in Appendix B.

This Preliminary Drainage Report focuses on the four westerly lots.

Project Site

Green Stormwater Infrastructure (GSI) to the Maximum Extent Feasible (MEF) will be used for the new
developed areas per City of Salem Administrative Rules, Chapter 109, Division 004, Stormwater System,
(Standards). All facilities will be constructed to meet the City of Salem standards. Because it is
anticipated that the total impervious area will be below 10,000 square feet, the project falls into the
Single Family Residential (SFR) project category. Per 4.2(n)(1) of the standards, the Simplified Method

will be used to size the stormwater facilities for the future lots.



ExISTING CONDITIONS

The 0.62-acre site is generally triangular in the shape. Surface conditions consists of grassy meadow with
some trees. There are no identified wetlands or sensitive areas located on the property. Waln Creek
traverses along the easterly side. Drainage from the site flows easterly. The abutting properties are
zoned single family residential, residential agriculture and Industrial commercial with public
improvements that include storm water conveyance systems. Appendix A contains multiple maps of the

site.

Infiltration
Infiltration testing has been performed at the site to determine percolation rates of the soils. Test

results indicate rates at 0.4 inches per hour.

METHODOLOGY

Because of limited land space, small development footprint and limited percolation rates, green
stormwater facilities will be filtration planters or rain gardens. All driving surfaces will be pervious

concrete.

DESIGN

The proposed filtration facility will provide water quality treatment by allowing for the removal of
pollutants through sedimentation, adsorption onto surrounding vegetation, filtration, and biological
uptake. Facility sizing will be per the Simplified Approach for Stormwater Management using the
Simplified Method Sizing Tool chart in said Standards. It is assumed that 2,500 square feet for each
residential structure. Using the required sizing factor of 0.06, yields a facility surface area of

approximately 150 square feet for each lot. A completed form is in Appendix C.

The pervious concrete was provided no analysis. Per 4.2(g)(2) of said standards, no additional treatment

is required for pervious pavement areas. Pervious pavement is considered pervious for flow control.

CONCLUSION

Based on the presented information, the proposed design will meet the required standards for the SFR
category. If there are any questions, please contact Matthew Hendrick at Multi/Tech Engineering by

phone at (503) 363-9227 or via e-mail at mhendrick@mtengineering.net.
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May 15, 2020

Mr. Jeremy Grenz

Multi/Tech Engineering Services, Inc.
1155 13th Street SE

Salem, Oregon 97302

Dear Mr. Grenz:

Re: Geotechnical Investigation and Consultation Services, Proposed Woodside Drive Residential
Development Site, Tax Lot No's. 2401 and 2501, Woodside Drive SE and Mildred Lane SE,
Salem (Marion County), Oregon

Submitted herewith is our report entitled “Geotechnical Investigation and Consultation Services,
Proposed Woodside Drive Residential Development Site, Tax Lot No's. 2401 and 2501, Woodside
Drive SE and Mildred Lane SE, Salem (Marion County), Oregon”. The scope of our services was
outlined in our formal proposal to Mr. Jeremy Grenz of Multi/Tech Engineering Services, Inc on
March 23, 2020. Written authorization of our services was provided by Mr. Jeremy Grenz of
Multi/Tech Engineering Services, Inc. on April 7, 2020.

During the course of our investigation, we have kept you and/or others advised of our schedule and
preliminary findings. We appreciate the opportunity to assist you with this phase of the project.
Should you have any questions regarding this report, please do not hesitate to call.

_«&?@i@f SN

Daniel M. Redmond, P.E., G.E.

- . . - o TomnmEmE et Q
President/Principal Engineer 7/1, D s o O\;
Elm reot
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GEOTECHNICAL INVESTIGATION AND CONSULTATION SERVICES
PROPOSED WOODSIDE DRIVE RESIDENTIAL DEVELOPMENT SITE
TAX LOT NO'S. 2401 AND 2501
WOODSIDE DRIVE SE AND MILDRED LANE SE
SALEM (MARION COUNTY), OREGON

INTRODUCTION

Redmond Geotechnical Services, LLC is please to submit to you the results of our Geotechnical
Investigation and Consultation Services at the site of the proposed new residential development
located to the west of Woodside Drive SE and to the southwest of the intersection with Mildred
Lane SE in Salem (Marion County), Oregon. The general location of the subject site is shown on the
Site Vicinity Map, Figure No. 1. The purpose of our geotechnical investigation and consultation
services at this time was to explore the existing subsurface soils and/or groundwater conditions
across the subject site and to evaluate any potential concerns with regard to development at the
site as well as to develop and/or provide appropriate geotechnical design and construction
recommendations for the proposed new residential development project.

PROJECT DESCRIPTION

We understand that present plans are to develop the subject property by constructing two (2) new
multi-family (apartment) buildings on the easterly portion of the site and four (4) new single-family
homes on the westerly portion of the site. Reportedly, the proposed new multi-family apartment
buildings will be two- and/or three-story wood-frame structures with a concrete slab-on-grade floor
and will have a base and/or ground floor foot print of between 2,000 and 2,500 square feet while
the new single-family residential homes will be single- and/or two-story structures constructed with
wood framing and a raised wooden post and beam floor system. Support of the new single- and/or
multi-family residential structures is anticipated to consist primarily of conventional shallow strip
(continuous) footings although some individual (spread) column-type footings may also be required.
Structural loading information, although unavailable at this time, is anticipated to be fairly typical
and light for this type of single- and/or three-story wood-frame residential structure and is expected
to result in maximum dead plus live continuous (strip) and individual (column) footing loads on the
order of about 1.5 to 4.0 kips per lineal foot (kIf) and 10 to 50 kips, respectively.

Other associated site improvements for the project will include construction of a new paved parking
lot and drive area for the multi-family residential development site and a new paved private access
drive for the single-family residential development site. Additionally, the project will include the
construction of new underground utility services as well as possible new concrete curbs and
sidewalks. Further, we understand that storm water from impervious and/or hard surfaces (i.e.,
roofs and pavements) of the project site will be collected for treatment and/or possible disposal
within an on-site storm water management facility. Earthwork and grading for the project, although
unknown at this time, is expected to result in cuts and/or fills of about one (1) to two (2) feet.
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SCOPE OF WORK

The purpose of our geotechnical studies was to evaluate the overall subsurface soil and/or
groundwater conditions underlying the subject site with regard to the proposed new residential
development and construction at the site and any associated impacts or concerns with respect to
proposed new single- and/or multi-family residential development at the site as well as provide
appropriate geotechnical design and construction recommendations for the project. Specifically, our
geotechnical investigation and consultation services included the following scope of work items:

1. Review of available and relevant geologic and/or geotechnical investigation reports for the
subject site and/or area.

2. A detailed field reconnaissance and subsurface exploration program of the soil and ground
water conditions underlying the site by means of seven (7) exploratory test pit excavations.
The exploratory test pits were excavated to depths ranging from about four (4) to seven (7)
feet beneath existing site grades at the approximate locations as shown on the Site Exploration
Plan, Figure No. 2. Additionally, field infiltration testing was also performed within one (1) of
the exploratory test pit excavations (TH-#3) in general conformance with the EPA
Encased Falling Head and/or City of Salem Public Works Standards.

3. Laboratory testing to evaluate and identify pertinent physical and engineering properties of
the subsurface soils encountered relative to the planned site development and construction
at the site. The laboratory testing program included tests to help evaluate the natural (field)
moisture content and dry density, maximum dry density and optimum moisture content,
gradational characteristics and Atterberg Limits as well as "R"-value tests.

4. A literature review and engineering evaluation and assessment of the regional seismicity to
evaluate the potential ground motion hazard(s) at the subject site. The evaluation and
assessment included a review of the regional earthquake history and sources such as potential
seismic sources, maximum credible earthquakes, and reoccurrence intervals as well as a
discussion of the possible ground response to the selected design earthquake(s), fault rupture,
landsliding, liquefaction, and tsunami and seiche flooding.

5. Engineering analyses utilizing the field and laboratory data as a basis for furnishing
recommendations for foundation support of the proposed new residential structure(s).
Recommendations include maximum design allowable contact bearing pressure(s), depth of
footing embedment, estimates of foundation settlement, lateral soil resistance, and
foundation subgrade preparation. Additionally, construction and/or permanent subsurface
water drainage considerations have also been prepared. Further, our report includes
recommendations regarding site preparation, placement and compaction of structural fill
materials, suitability of the on-site soils for use as structural fill, criteria for import fill
materials, and preparation of foundation, pavement and/or floor slab subgrades.
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6. Flexible pavement design and construction recommendations for the proposed new paved
private site improvements.

SITE CONDITIONS

Site Geology

Available geologic mapping of the area and/or subject site (Geologic Map of the Salem West 7.5
Minute Quadrangle) indicates that the near surface soils consist of the Winter Water (Tgww)
member of the Columbia River and/or Grande Ronde Basalt group of Miocene age. Characteristics
includes up to two (2) flows within the map area. Both flows typically display entablature/colonnade
jointing style. Fresh exposures are dark gray to black; weathered surfaces are greenish gray to
grayish black. Both flows are commonly glassy to fine-grained, microphyric, phyric to abundantly
phyric woth small plagioclase glomerocrysts that often display a distinctive radial or spoke-shaped
habit. Distribution of plagoiclase gomerocrysts is often uneven and they tend to be less abundant in
the basal portion of the flows. Winter Water flows are distinguished from other Grande Ronde units
on the combined basis of stratigraphic position, lithology, geochemical composition and
paleomagnetic polarity (see Reidel and others, 1989 and Beeson and others, 1989). Unit thickness
within the map area is variable ranging from 0 to 120 feet thick.

Surface Conditions

The subject proposed new residential development property consists of two (2) irregular shaped tax
lots (TL's 2401 and 2501) which encompass a total plan area of approximately 1.77 acres. The
proposed new residential development property is roughly located to the west of Woodside Drive
SE and to the southwest of the intersection with Mildred Lane SE. The subject proposed residential
development site is generally unimproved and void of existing structures. However, the easterly
portion of the subject site is surfaced with gravel. Surface vegetation across the site generally
consists of a moderate to heavy growth of grass and weeds as well as some brush and trees.

Topographically, most of the site is characterized as relatively flat-lying to gently sloping terrain and
lies between about Elevation 392 to 402 feet. Additionally, Waln Creek traverses the central portion

of the site.

Subsurface Soil Conditions

Our understanding of the subsurface soil conditions underlying the site was developed by means of
seven (7) exploratory test pits excavated to depths ranging from about four (4) to seven (7) feet
beneath existing site grades on July 2, 2018 and/or May 1, 2020 with a John Deere 200C track-
mounted excavator. The location of the exploratory test pits were located in the field by marking off
distances from existing and/or known site features and are shown in relation to the existing site
improvements on the Site Exploration Plan, Figure No. 2. Detailed logs of the test pit explorations,
presenting conditions encountered at each location explored, are presented in the Appendix, Figure
No's. A-4 through A-7.
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The exploratory test pit excavations were observed by staff from Redmond Geotechnical Services,
LLC who logged each of the test pit explorations and obtained representative samples of the
subsurface soils encountered across the site. All subsurface soils encountered at the site and/or
within the exploratory test pit excavations were logged and classified in general conformance with
the Unified Soil Classification System (USCS) which is outlined on Figure No. A-3.

The test pit explorations revealed that the subject site is underlain by both fill materials and at
depth by native soil and/or weathered bedrock deposits. Specifically, the fill materials consist of
of an upper unit of medium to orangish- and/or dark brown, moist to very moist, poorly to
moderately compacted, sandy, clayey silt with organics and miscellaneous construction debris (i.e.,
concrete and asphalt rubble) to a depth of approximately one (1) to four (4) feet. Additionally, at
least three (3) feet or more of strippings (sod) was encountered in test hole TH-#4 between a depth
of between four (4) and seven (7) feet. The fill materials were inturn underiain by native soil and/or
highly weathered deposits composed of a transitional layer of old topsoil remnants which were
inturn underlain by medium to orangish- and/or reddish-brown, most to very moist, medium stiff to
stiff and/or medium dense, sandy, clayey silt to clayey, silty sand to the maximum depth explored
of about seven (7) feet beneath the existing site and/or surface grades. These sandy, clayey silt
and/or clayey, silty sand subgrade soils and/or highly weathered bedrock deposits are best
characterized by relatively low to moderate strength and compressibility.

Groundwater

Groundwater was not encountered within any of the exploratory test pit explorations (TH-#1
through TH-#7) at the time of excavation to depths of at least seven (7) feet beneath existing surface
grades. However, Waln Creek traverses the central portion of the subject property. In this regard,
although groundwater elevations at the site may fluctuate seasonally in accordance with rainfall
conditions as well as changes in site utilization, we are generally of the opinion that the level of the
existing Waln Creek generally reflect the seasonal groundwater level(s) at and/or beneath the site.

INFILTRATION TESTING

One (1) field infiltration test was performed at the site on July 2, 2018. The infiltration test was
performed in test pit TH-#3 at a depth of about six (6) to seven (7) feet beneath existing site grades.
The subgrade soils in TH-#3 consisted of native sandy, clayey silt.

The field infiltration testing was performed in general conformance with the EPA Falling Head
Method and/or City of Salem Department of Public Works. Specifically, water was discharged into
the test hole excavation and allowed to penetrate the exposed subgrade soils at depth within the
test hole excavation. The water level was adjusted over a two (2) hour period and allowed to
achieve a saturated subgrade soil condition consistent with the bottom twelve (12) inches of the
surrounding test pit excavation. Following the required saturation period, water was again added
into the test hole and the time and/or rate at which the water level dropped was monitored and
recorded. The water level drop was recorded until a consistent infiltration rate was observed and/or
repeated.
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Based on the results of the field infiltration testing (see Field Infiltration Test Results, Figure No.
A-12), we have found that the underlying native sandy, clayey silt subgrade soil deposits possess an
ultimate infiltration rate of about 0.4 inches per hour {in/hr).

LABORATORY TESTING

Representative samples of the on-site subsurface soils were collected at selected depths and
intervals from various test pit excavations and returned to our laboratory for further examination
and testing and/or to aid in the classification of the subsurface soils as well as to help evaluate and
identify their engineering strength and compressibility characteristics. The laboratory testing
consisted of visual and textural sample inspection, moisture content and dry density
determinations, maximum dry density and optimum moisture content, Atterberg Limits and
gradation analyses as well as "R"-value tests. Results of the various laboratory tests are presented in
the Appendix, Figure No’s. A-8 through A-11.

SEISMICITY AND EARTHQUAKE SOURCES

The seismicity of the southwest Washington and northwest Oregon area, and hence the potential
for ground shaking, is controlled by three separate fault mechanisms. These include the Cascadia
Subduction Zone {CSZ), the mid-depth intraplate zone, and the relatively shallow crustal zone.
Descriptions of these potential earthquake sources are presented below.

The CSZ is located offshore and extends from northern California to British Columbia. Within this
zone, the oceanic Juan de Fuca Plate is being subducted beneath the continental North American
Plate to the east. The interface between these two plates is located at a depth of approximately 15
to 20 kilometers (km). The seismicity of the CSZ is subject to several uncertainties, including the
maximum earthquake magnitude and the recurrence intervals associated with various magnitude
earthquakes. Anecdotal evidence of previous CSZ earthquakes has been observed within coastal
marshes along the Washington and Oregon coastlines. Sequences of interlayered peat and sands
have been interpreted to be the result of large Subduction zone earthquakes occurring at intervals
on the order of 300 to 500 years, with the most recent event taking place approximately 300 years
ago. A study by Geomatrix (1995) and/or USGS (2008) suggests that the maximum earthquake
associated with the CSZ is moment magnitude (Mw) 8 to 9. This is based on an empirical expression
relating moment magnitude to the area of fault rupture derived from earthquakes that have
occurred within Subduction zones in other parts of the world. An Mw 9 earthquake would involve a
rupture of the entire CSZ. As discussed by Geomatrix (1995) this has not occurred in other
subduction zones that have exhibited much higher levels of historical seismicity than the CSZ.
However, the 2008 USGS report has assigned a probability of 0.67 for a Mw 9 earthquake and a
probability of 0.33 for a Mw 8.3 earthquake. For the purpose of this study an earthquake of Mw 9.0
was assumed to occur within the CSZ.
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The intraplate zone encompasses the portion of the subducting Juan de Fuca Plate located at a
depth of approximately 30 to 50 km below western Washington and western Oregon. Very low
levels of seismicity have been observed within the intraplate zone in western Oregon and western
Washington. However, much higher levels of seismicity within this zone have been recorded in
Washington and California. Several reasons for this seismic quiescence were suggested in the
Geomatrix (1995) study and include changes in the direction of Subduction between Oregon,
Washington, and British Columbia as well as the effects of volcanic activity along the Cascade Range.
Historical activity associated with the intraplate zone includes the 1949 Olympia magnitude 7.1 and
the 1965 Puget Sound magnitude 6.5 earthquakes. Based on the data presented within the
Geomatrix (1995) report, an earthquake of magnitude 7.25 has been chosen to represent the
seismic potential of the intraplate zone.

The third source of seismicity that can result in ground shaking within the Vancouver and southwest
Washington area is near-surface crustal earthquakes occurring within the North American Plate. The
historical seismicity of crustal earthquakes in this area is higher than the seismicity associated with
the CSZ and the intraplate zone. The 1993 Scotts Mills (magnitude 5.6) and Klamath Falls (magnitude
6.0), Oregon earthquakes were crustal earthquakes.

Liquefaction

Seismic induced soil liquefaction is a phenomenon in which lose, granular soils and some silty soils,
located below the water table, develop high pore water pressures and lose strength due to ground
vibrations induced by earthquakes. Soil liquefaction can result in lateral flow of material into river
channels, ground settlements and increased lateral and uplift pressures on underground structures.
Buildings supported on soils that have liquefied often settle and tilt and may displace laterally. Soils
located above the ground water table cannot liquefy, but granular soils located above the water
table may settle during the earthquake shaking.

Our review of the subsurface soil test pit logs from our exploratory field explorations (TH-#1 through
TH-#7) and laboratory test results indicate that the site is generally underlain at depth by medium
dense, highly weathered bedrock deposits to depths of at least 7.0 feet beneath existing site
grades. Additionally, groundwater was not encountered within any of the exploratory test pit
excavations (TH-#1 through TH-#7) at the site during our field exploration work to depths of at least
7.0 feet. As such, due to the medium dense highly weathered bedrock beneath the site, it is our
opinion that the native subgrade soil deposits located beneath the subject site have a low potential
for liquefaction during the design earthquake motions previously described.

Landslides

No ancient and/or active landslides were observed or are known to be present on the subject site.
Additionally, the subject site is characterized as relatively flat-lying terrain. As such, the risk of
landsliding does not present a potential geologic hazard with regard to the proposed residential
development of the site.
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Surface Rupture

Although the site is generally located within a region of the country known for seismic activity, no
known faults exist on and/or immediately adjacent to the subject site. As such, the risk of surface
rupture due to faulting is considered negligible.

Tsunami and Seiche

A tsunami, or seismic sea wave, is produced when a major fault under the ocean floor moves
vertically and shifts the water column above it. A seiche is a periodic oscillation of a body of water
resulting in changing water levels, sometimes caused by an earthquake. Tsunami and seiche are not
considered a potential hazard at this site because the site is not near to the coast and/or there are
no adjacent significant bodies of water.

Flooding and Erosion

Stream flooding is a potential hazard that should be considered in lowland areas of Marion County
and Salem. The FEMA (Federal Emergency Management Agency) flood maps should be reviewed as
part of the design for the proposed new residential structures and site improvements. Elevations of
structures on the site should be designed based upon consultants reports, FEMA (Federal
Emergency Management Agency), and Marion County requirements for the 100-year flood levels of
any nearby creeks and/or streams such as the existing Waln Creek.

CONCLUSIONS AND RECOMMENDATIONS
General

Based on the results of our field explorations, laboratory testing, and engineering analyses, it is our
opinion that the site is generally suitable for the proposed new single- and/or multi-family
residential development and its associated site improvements provided that the recommendations
contained within this report are properly incorporated into the design and construction of the
project.

The primary features of concern at the site are 1) the presence of existing fill materials across the
site and 2) the presence of moisture sensitivity of the near surface sandy, clayey silt subgrade soils.

With regard to the presence of the existing fill materials across the site, we are generally of the
opinion that the existing fill soil materials are poorly to moderately well compacted. Additionally,
the existing fill soils located within the southeasterly portion of the site contain at least three (3)
feet or more of strippings and/or sod. Further, we are not aware of any records which existing with
regard to the placement of the existing fill soil materials at the site. As such, it is our professional
opinion that the existing fill materials are unsuitable for direct support of the proposed new singl-e
and/or multi-family building(s).
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In this regard, stripping and clearing to depths of approximately 1.0 to 7.0 feet or more is generally
recommended to remove the existing fill materials from beneath the proposed new single- and/or
multi-family residential structures. However, depending on the degree and/or level of risk
considered acceptable for the residential project, it may be feasible to allow some portions of the
existing surficial (i.e., approximately 12 inches) fill soils to remain beneath the planned new paved
access drive and/or parking areas provided that the existing surficial fill soil materials are
compacted/re-compacted to the requirements of structural fill. Additionally, areas of the site which
contain more than 12 inches of existing fill material and/or are underlain at depth by strippings
and/or old topsoil remnants should be removed in their entirety down to firm and approved native
subgrade soils.

In regard to the moisture sensitive sandy, clayey silt subgrade soils, we are generally of the opinion
that all site grading and earthwork activities be scheduled for the drier summer months which is
typically June through September.

The following sections of this report provide specific recommendations regarding subgrade
preparation and grading as well as foundation and floor slab design and construction for the new

Woodside Drive residential development project.

Site Preparation

As an initial step in site preparation, we recommend that the proposed new residential
development site as well as its associated structural and/or site improvement area(s) be stripped
and cleared of all existing improvements, any existing unsuitable fill materials, surface debris,
existing vegetation, topsoil materials, and/or any other deleterious materials present at the time of
construction. In general, we envision that the site stripping to remove existing vegetation will
generally be about 4 to 6 inches. However, localized areas requiring deeper removals, such as any
existing undocumented and/or unsuitable fill materials as well as old foundation remnants, will
likely be encountered and should be evaluated at the time of construction by the Geotechnical
Engineer. The stripped and cleared materials should be properly disposed of as they are generally
considered unsuitable for use/reuse as fill materials.

Following the completion of the site stripping and clearing work and prior to the placement of any
required structural fill materials and/or structural improvements, the exposed subgrade soils within
the planned structural improvement area(s) should be inspected and approved by the Geotechnical
Engineer and possibly proof-rolled with a half and/or fully ioaded dump truck. Areas found to be soft
or otherwise unsuitable should be over-excavated and removed or scarified and recompacted as
structural fill. During wet and/or inclement weather conditions, proof rolling and/or scarification

and recompaction as noted above may not be appropriate.

The on-site native sandy, clayey silt to silty sand subgrade soil materials are generally considered
suitable for use/reuse as structural fill materials provided that they are free of organic materials,
debris, and rock fragments in excess of about 6 inches in dimension.
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However, if site grading is performed during wet or inclement weather conditions, the use of some
of the on-site native soil materials which contain significant silt and clay sized particles will be
difficult at best.

In this regard, during wet or inclement weather conditions, we recommend that an import structural
fill material be utilized which should consist of a free-draining {clean) granular fill {sand & gravel)
containing no mare than about 5 percent fines. Representative samples of the materials which are
to be used as structural fill materials should be submitted to the Geotechnical Engineer and/or
laboratory for approval and determination of the maximum dry density and optimum moisture
content for compaction.

In general, ali site earthwork and grading activities should be scheduled for the drier summer
months {June through September) if possible. However, if wet weather site preparation and grading
is required, it is generally recommended that the stripping of topsoil materials be accomplished with
a tracked excavator utilizing a large smooth-toothed bucket working from areas yet to be excavated.
Additionally, the loading of strippings into trucks and/or protection of moisture sensitive subgrade
soils will also be required during wet weather grading and construction. In this regard, we
recommend that areas in which construction equipment will be traveling be protected by covering
the exposed subgrade soils with a woven geotextile fabric such as Mirafi FW404 followed by at least
12 inches or more of crushed aggregate base rock. Further, the geotextile fabric should have a
minimum Mullen burst strength of at least 250 pounds per square inch for puncture resistance and
an apparent opening size (AOS) between the U.S. Standard No. 70 and No. 100 sieves.

All structural fill materials placed within the new residential structures and/or pavement areas
should be moistened or dried as necessary to near (within 3 percent) optimum moisture conditions
and compacted by mechanical means to a minimum of 92 percent of the maximum dry density as
determined by the ASTM D-1557 (AASHTO T-180) test procedures. Structural fill materials should be
placed in lifts (layers) such that when compacted do not exceed about 8 inches. Additionally, all fill
materials placed within three (3) lineal feet of the perimeter (limits) of the proposed new residential
structures and/or pavements should be considered structural fill.

Foundation Support

Based on the results of our investigation, it is our opinion that the site of the proposed new
Woodside Drive residential development is suitable for support of the single- and/or three-story
wood-frame structure(s) provided that the following foundation design recommendations are
followed. The following sections of this report present specific foundation design and construction
recommendations for the planned new single- and/or multi-family structures.
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Shallow Foundations

In general, conventional shallow continuous (strip) footings and individual (spread) column footings
may be supported by approved native (untreated) subgrade soil materials and/or new structural fill
soils based on an allowable contact bearing pressure of about 2,500 pounds per square foot (psf).
This recommended allowable contact bearing pressure is intended for dead loads and sustained live
loads and may be increased by one-third for the total of all loads including short-term wind or
seismic loads. However, due to the presence of the highly weathered bedrock deposits beneath the
site, we anticipate that some disturbance may occur during the footing excavations. Additionally,
deterioration of the exposed bearing surfaces may occur where foundations are constructed during
wet and/or inclement weather conditions and expose moisture sensitive clayey silt subgrade
bearing soils. In this regard, we recommend that consideration be given to placing a 2-to 4-inch
layer of compacted crushed rock above the native highly weathered bedrock and/or moisture
sensitive clayey silt subgrade bearing surfaces.

In general, continuous strip footings should have a minimum width of at least 16 inches and be
embedded at least 18 inches below the lowest adjacent finish grade (includes frost protection).
Individual column footings (where required) should be embedded at least 18 inches below grade
and have a minimum width of at least 24 inches.

Total and differential settlements of foundations constructed as recommended above and
supported by approved native subgrade soils or by properly compacted structural fill materials are
expected to be well within the tolerable limits for this type of lightly loaded single- and/or two-story
wood-frame structure and should generally be less than about 1-inch and 1/2-inch, respectively.

Allowable lateral frictional resistance between the base of the footing element and the supporting
subgrade bearing soil can be expressed as the applied vertical load multiplied by a coefficient of
friction of 0.35 and 0.45 for native silty subgrade soils and/or import gravel fill materials,
respectively. In addition, lateral loads may be resisted by passive earth pressures on footings poured
“neat” against in-situ (native) subgrade soils or properly backfilled with structural fill materials based
on an equivalent fluid density of 300 pounds per cubic foot (pcf). This recommended value includes
a factor of safety of approximately 1.5 which is appropriate due to the amount of movement
required to develop full passive resistance.

Floor Slab Support

in order to provide uniform subgrade reaction beneath concrete slab-on-grade floors, we
recommend that the floor slab area be underlain by a minimum of 4 inches of free-draining (less
than 5 percent passing the No. 200 sieve), well-graded, crushed rock. The crushed rock should help
provide a capillary break to prevent migration of moisture through the slab. However, additional
moisture protection can be provided by using a 10-mil polyolefin geo-membrane sheet such as
StegoWrap.
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The base course materials should be compacted to at least 95 percent of the maximum dry density
as determined by the ASTM D-1557 (AASHTO T-180) test procedures. Where floor slab subgrade
materials are undisturbed, firm and stable and where the underslab aggregate base rock section has
been prepared and compacted as recommended above, we recommend that a modulus of subgrade
reaction of 150 pci be used for design.

Retaining/Below Grade Walls

Retaining and/or below grade walls should be designed to resist lateral earth pressures imposed by
native soils or granular backfill materials as well as any adjacent surcharge loads. For walls which are

unrestrained at the top and free to rotate about their base, we recommend that active earth
pressures be computed on the basis of the following equivalent fluid densities:

Non-Restrained Retaining Wall Pressure Design Recommendations

Slope Backfill Equivalent Fluid Density/Silt Equivalent Fluid
(Horizontal/Vertical) {pcf) Density/Gravel (pcf)
Level 35 30
3H:1V 60 50
2H:1V 90 80

For walls which are fully restrained at the top and prevented from rotation about their base, we
recommend that at-rest earth pressures be computed on the basis of the following equivalent fluid

densities:

Restrained Retaining Wall Pressure Design Recommendations

Slope Backfili Equivalent Fluid Density/Silt Equivalent Fluid
(Horizontal/Vertical) (pcf) Density/Gravel (pcf)
Level 45 35
3H:1V 65 60
2H:1V 95 90

The above recommended values assume that the walls will be adequately drained to prevent the
buildup of hydrostatic pressures. Where wall drainage will not be present and/or if adjacent
surcharge loading is present, the above recommended values will be significantly higher.

Backfill materials behind walls should be compacted to 90 percent of the maximum dry density as
determined by the ASTM D-1557 (AASHTO T-180) test procedures. Special care should be taken to
avoid over-compaction near the walls which could result in higher lateral earth pressures than those
indicated herein. In areas within three (3) to five (5) feet behind walls, we recommend the use of
hand-operated compaction equipment.
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Pavements

Flexible pavement design for the project was determined on the basis of projected (anticipated)
traffic volume and loading conditions relative to laboratory subgrade soil strength (“R”-value)
characteristics. Based on a laboratory subgrade “R”-value of 30 (Resilient Modulus = 5,000 to
10,000) and utilizing the Asphalt Institute Flexible Pavement Design Procedures and/or the
American Association of State Highway and Transportation Officials (AASHTO) 1993 “Design of
Pavement Structures” manual, we recommend that the asphaltic concrete pavement section(s) for
the new residential development areas at the site consist of the following:

Asphaltic Concrete Crushed Base Rock

Thickness (inches) Thickness (inches)
Automobile Parking Areas 2.5 8.0
Automobile Drive Areas 3.0 10.0

Note: Where heavy vehicle traffic is anticipated such as those required for fire and/or garbage
trucks, we recommend that the automobile drive area pavement section be increased by
adding 1.0 inches of asphaltic concrete and 2.0 inches of aggregate base rock. Additionally,
the above recommended flexible pavement section(s) assumes a design life of 20 years.

Pavement Subgrade, Base Course & Asphalt Materials

The above recommended pavement section(s) were based on the design assumptions listed herein
and on the assumption that construction of the pavement section(s) will be completed during an
extended period of reasonably dry weather. All thicknesses given are intended to be the minimum
acceptable. Increased base rock sections and the use of a woven geotextile fabric may be required
during wet and/or inclement weather conditions and/or in order to adequately support construction
traffic and protect the subgrade during construction. Additionally, the above recommended
pavement section(s) assume that the subgrade will be prepared as recommended herein, that the
exposed subgrade soils will be properly protected from rain and construction traffic, and that the
subgrade is firm and unyielding at the time of paving. Further, it assumes that the subgrade is
graded to prevent any ponding of water which may tend to accumulate in the base course.

Pavement base course materials should consist of well-graded 1-1/2 inch and/or 3/4-inch minus
crushed base rock having less than 5 percent fine materials passing the No. 200 sieve. The base
course and asphaltic concrete materials should conform to the requirements set forth in the latest
edition of the Oregon Department of Transportation, Standard Specifications for Highway
Construction. The base course materials should be compacted to at least 95 percent of the
maximum dry density as determined by the ASTM D-1557 (AASHTO T-180) test procedures. The
asphaltic concrete paving materials should be compacted to at least 92 percent of the theoretical
maximum density as determined by the ASTM D-2041 (Rice Gravity) test method.
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Wet Weather Grading and Soft Spot Mitigation

Construction of the proposed new site improvements is generally recommended during dry
weather. However, during wet weather grading and construction, excavation to subgrade can
proceed during periods of light to moderate rainfall provided that the subgrade remains covered
with aggregate. A total aggregate thickness of 12-inches may be necessary to protect the subgrade
soils from heavy construction traffic. Construction traffic should not be allowed directly on the
exposed subgrade but only atop a sufficient compacted base rock thickness to help mitigate
subgrade pumping. If the subgrade becomes wet and pumps, no construction traffic shall be aliowed
on the road alignment. Positive site drainage away from the pavement subgrade shall be maintained
if site paving will not occur before the on-set of the wet season.

Depending on the timing for the project, any soft subgrade found during proof-rolling or by visual
observations can either be removed and replaced with properly dried and compacted fill soils or
removed and replaced with compacted crushed aggregate. However, and where approved by the
Geotechnical Engineer, the soft area may be covered with a bi-axial geogrid and covered with
compacted crushed aggregate.

Soil Shrink-Swell and Frost Heave

The results of the laboratory "R"-value testing indicate that the native subgrade soils possess a low
expansion potential. As such, the exposed subgrade soils should not be allowed to completely dry
and should be moistened to near optimum moisture content (plus or minus 3 percent) at the time of
the placement of the crushed aggregate base rock materials. Additionally, exposure of the subgrade
soils to freezing weather may resuit in frost heave and softening of the subgrade. As such, all
subgrade soils exposed to freezing weather should be evaluated and approved by the Geotechnical
Engineer prior to the placement of the crushed aggregate base rock materials.

Excavation/Slopes

Temporary excavations of up to about four (4) feet in depth may be constructed with near vertical
inclinations. Temporary excavations greater than about four (4) feet but less than eight (8) feet
should be excavated with inclinations of at least 1 to 1 (horizontal to vertical) or properly
braced/shored. Where excavations are planned to exceed about eight (8) feet, this office should be
consulted. All shoring systems and/or temporary excavation bracing for the project should be the
responsibility of the excavation contractor. Permanent slopes should be constructed no steeper
than about 2H to 1V unless approved by the Geotechnical Engineer.

Depending on the time of year in which trench excavations occur, trench dewatering may be
required in order to maintain dry working conditions if the invert elevations of the proposed utilities
are located at and/or below the groundwater level. If groundwater is encountered during utility
excavation work, we recommend placing trench stabilization materials along the base of the
excavation.



Project No. 1001.069.G
Page No. 14

Trench stabilization materials should consist of 1-foot of well-graded gravel, crushed gravel, or
crushed rock with a maximum particle size of 4 inches and less than 5 percent fines passing the No.
200 sieve. The material should be free of organic matter and other deleterious material and placed
in a single lift and compacted until well keyed.

Surface Drainage/Groundwater

We recommend that positive measures be taken to properly finish grade the site so that drainage
waters from the mixed use residential structures and Iandstaping areas as well as adjacent
properties or buildings are directed away from the new single- and/or multi-family residential
structures foundations and/or floor slabs. All roof drainage should be directed into conduits that
carry runoff water away from the residential structure(s) to a suitable outfall. Roof downspouts
should not be connected to foundation drains. A minimum ground slope of about 2 percent is
generally recommended in unpaved areas around the proposed new residential structure(s).

Groundwater was generally not encountered at the site in any of the exploratory test pits (TH-#1
through TH-#7) at the time of excavation to depths of at least seven (7) feet beneath existing site
grades. Additionally, surface water ponding was not observed at the site during our field exploration
work. However, Waln Creek traverses the central portion of the site.

As such, based on our current understand that site grading required to bring the subject site and/or
building pad grade(s) to finish design grade(s), we are of the opinion that an underslab drainage
system is not required for the proposed new multi-family residential structure(s). However, a
perimeter and/or foundation drain is recommended for the proposed new single- and/or multi-
family residential structures and/or any below grade retaining wall(s). A typical recommended
perimeter footing/retaining wall drain detail is shown on Figure No. 3.

Design Infiltration Rates

In general, infiltration into the gravel subgrade soils was found to be good. Based on the results of
our field infiltration testing, we recommend using the following infiltration rates to design a storm
water infiltration and/or disposal system for the project:

Subgrade Soil Type Recommended Infiltration Rate
sandy, clayey SILT (ML/MH) 0.2 inches per hour (in/hr)

Note: A safety factor of two (2) was used to calculate the above recommended design
infiltration rate. Additionally, given the gradational variability of the subgrade soils
beneath the site, it is generally recommended that field testing be performed during
and/or following construction of the on-site storm water infiltration system in order to
confirm that the above recommended design infiltration rates are appropriate.
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Seismic Design Considerations

Structures at the site should be designed to resist earthquake loading in accordance with the
methodology described in the 2019 and/or latest edition of the State of Oregon Structural Specialty
Code (0SSC) and/or Amendments to the 2015 International Building Code (IBC). The maximum
considered earthquake ground motion for short period and 1.0 period spectral response may be
determined from the Oregon Structural Specialty Code and/or from the 2009 National Earthquake
Hazard Reduction Program (NEHRP) “Recommended Provisions for Seismic Regulations for New
Buildings and Other Structures” published by the Building Seismic Safety Council. We recommend
Site Class “D” be used for design. Using this information, the structural engineer can select the
appropriate site coefficient values (Fa and Fv) from the 2015 IBC to determine the maximum
considered earthquake spectral response acceleration for the project. However, we have assumed
the following response spectrum for the project:

Table 1. Recommended Seismic Design Parameters

Site Ss S1 Fa Fv Sms Sm1 Sobs Sp1
Class
D 0.914 0.433 1.134 1.567 1.037 0.678 0.691 0.452

Notes: 1.Ssand S1 were established based on the USGS 2015 mapped maximum considered
earthquake spectral acceleration maps for 2% probability of exceedence in 50 years.

2. Fa and Fv were established based on IBC 2015 tables using the selected Ss and S1 values.

CONSTRUCTION MONITORING AND TESTING

We recommend that Redmond Geotechnical Services, LLC be retained to provide construction
monitoring and testing services during all earthwork operations for the proposed new Woodside
Drive residential development. The purpose of our monitoring services would be to confirm that the
site conditions reported herein are as anticipated, provide field recommendations as required based
on the actual conditions encountered, document the activities of the grading contractor and assess
his/her compliance with the project specifications and recommendations. It is important that our
representative meet with the contractor prior to any site grading to help establish a plan that will
minimize costly over-excavation and site preparation work. Of primary importance will be
observations made during site preparation and stripping, structural fill placement, footing
excavations and construction as well as retaining wall backfill.
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CLOSURE AND LIMITATIONS

This report is intended for the exclusive use of the addressee and/or their representative(s) to use
to design and construct the proposed new single- and/or multi-family residential structure(s) and
its/their associated site improvements described herein as well as to prepare any related
construction documents. The conclusions and recommendations contained in this report are based
on site conditions as they presently exist and assume that the explorations are representative of the
subsurface conditions between the explorations and/or at other locations across the study area. The
data, analyses, and recommendations herein may not be appropriate for other structures and/or
purposes. We recommend that parties contemplating other structures and/or purposes contact our
office. In the absence of our written approval, we make no representation and assume no
responsibility to other parties regarding this report. Additionally, the above recommendations are
contingent on Redmond Geotechnical Services, LLC being retained to provide all site inspections and
constriction monitoring services for this project. Redmond Geotechnical Services, LLC will not
assume any responsibility and/or liability for any engineering judgment, inspection and/or testing
services performed by others.

It is the owners/developers responsibility for insuring that the project designers and/or contractors
involved with this project implement our recommendations into the final design plans, specifications
and/or construction activities for the project. Further, in order to avoid delays during construction,
we recommend that the final design plans and specifications for the project be reviewed by our
office to evaluate as to whether our recommendations have been properly interpreted and
incorporated into the project.

If during any future site grading and construction, subsurface conditions different from those
encountered in the explorations are observed or appear to be present beneath excavations, we
should be advised immediately so that we may review these conditions and evaluate whether
modifications of the design criteria are required. We also should be advised if significant
modifications of the proposed site development are anticipated so that we may review our
conclusions and recommendations.

LEVEL OF CARE

The services performed by the Geotechnical Engineer for this project have been conducted with that
level of care and skill ordinarily exercised by members of the profession currently practicing in the
area under similar budget and time restraints. No warranty or other conditions, either expressed or
implied, is made.
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Test Pit Logs and Laboratory Test Data



APPENDIX

FIELD EXPLORATIONS AND LABORATORY TESTING

FIELD EXPLORATION

Subsurface conditions at the site were explored by excavating seven (7) exploratory test pits (TH-#1
through TH-#7) on July 2, 2018 and/or May 1, 2020. The approximate location of the test pit
explorations are shown in relation to the existing site features and/or site improvements on the Site
Exploration Plan, Figure No. 2.

The test pits were excavated using track-mounted excavating equipment in general conformance
with ASTM Methods in Vol. 4.08, D-1586-94 and D-1587-83. The test pits were excavated to depths
ranging from about 4.0 to 7.0 feet beneath existing site grades. Detailed logs of the test pits are
presented on the Log of Test Pits, Figure No's. A-4 through A-7. The soils were classified in
accordance with the Unified Soil Classification System (USCS), which is outlined on Figure No. A-3.

The exploration program was coordinated by a field engineer who monitored the excavating and
exploration activity, obtained representative samples of the subsurface soils encountered, classified
the soils by visual and textural examination, and maintained continuous logs of the subsurface
conditions. Disturbed and/or undisturbed samples of the subsurface soils were obtained at
appropriate depths and/or intervals and placed in plastic bags and/or with a thin walled ring sample.

Groundwater was generally not encountered in any of the exploratory test pits (TH-#1 through TH-
#7) at the time of excavating to depths of at least 7.0 feet beneath existing surface grades.

LABORATORY TESTING

Pertinent physical and engineering characteristics of the soils encountered during our subsurface
investigation were evaluated by a laboratory testing program to be used as a basis for selection of
soil design parameters and for correlation purposes. Selected tests were conducted on
representative soil samples. The program consisted of tests to evaluate the existing (in-situ)
moisture-density, maximum dry density and optimum moisture content, gradational characteristics,
and Atterberg Limits as well as "R"-value tests.

Dry Density and Moisture Content Determinations

Density and moisture content determinations were performed on both disturbed and relatively
undisturbed samples from the test pit explorations in general conformance with ASTM Vol. 4.08 Part
D-216. The results of these tests were used to calculate existing overburden pressures and to
correlate strength and compressibility characteristics of the soils. Test results are shown on the test
pit logs at the appropriate sample depths.
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Maximum Dry Density

One (1) Maximum Dry Density and Optimum Moisture Content test was performed on a
representative sample of the on-site clayey, sandy silt to silty sand subgrade soils in accordance with
ASTM Vol. 4.08 Part D-1557. This test was conducted to help establish various engineering
properties for use as structural fill. The test results are presented on Figure No. A-8.

Atterberg Limits

One (1) Liquid Limit (LL) and Plastic Limit (PL) test was performed on a representative sample of the
clayey, sandy silt to silty sand subgrade soils in accordance with ASTM Vol. 4.08 Part D-4318-85.
These tests were conducted to facilitate classification of the soils and for correlation purposes. The
test results appear on Figure No. A-9.

Gradation Analysis

One (1) Gradation analyses was performed on a representative sample of the clayey, sandy silt to
silty sand subsurface soils in accordance with ASTM Vol. 4.08 Part D-422. The test results were used
to classify the soil in accordance with the Unified Soil Classification System (USCS). The test results
are shown graphically on Figure No. A-10.

"R"-Value Tests

One (1) "R"-value test was performed on a remolded subgrade soil sample in accordance with ASTM
Vol. 4.08 Part D-2844. The test results were used to help evaluate the subgrade soils supporting and
performance capabilities when subjected to traffic loading. The test results are shown on Figure No.

A-11.

The following figures are attached and complete the Appendix:

Figure No. A-3 Key To Exploratory Test Pit Logs
Figure No's. A-4 through A-7 Log of Test Pits

Figure No. A-8 Maximum Dry Density

Figure No. A-9 Atterberg Limits Test Results
Figure No. A-10 Gradation Test Results

Figure No. A-11 Results of "R"-Value Tests

Figure No. A-12 Field Infiltration Test Results
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split spoon (ASTM D-1586).

Unconfined compressive strength in tons/sq. ft. as determined by laboratory testing or approximated

by the standard penetration test (ASTM D-1586), pocket penetrometer, torvane, or visual observation.
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INTRODUCTION

The Waln Creek Apartments is a proposed 24-unit apartment complex located at the intersection of
Woodside Dr. SE and Mildred Lane SE. The parcel of land to be developed is Tax Lots 2401 & 2501 of
Marion County Assessor's Map 08 3W 14CB. A vicinity map and supporting maps are in Appendix A of

this report. An aerial image is below.

Project Site

Green Stormwater Infrastructure (GSI) to the Maximum Extent Feasible (MEF) is being used for the new
developed areas per City of Salem Administrative Rules, Chapter 109, Division 004, Stormwater System,
Appendix 4E and Ordinance No. 8-20 (Standards). All facilities will be constructed to meet the City of

Salem standards.

ExISTING CONDITIONS

The 1.10-acre site is generally rectangular in the shape. Surface conditions consists of grassy meadow
with some trees. There are no identified wetlands or sensitive areas located on the property. Waln
Creek traverses along the westerly property line. A topographical high point ridge is located on the
northerly side of the site. Drainage from this high point flows westerly. The maximum relief is
approximately 7-feet with a high point elevation of 403.2-feet. The abutting properties are zoned single
family residential, residential agriculture and Industrial commercial with public improvements that

include storm water conveyance systems. Appendix A contains multiple maps of the site.
1



Soils

The Natural Resources Conservation Service (NRCS) Soil Resource Report for Marion County was used to
determine a Hydrological Soil Group classification for runoff calculations. The report identifies the site
soils to be McAlpin silty clay loam and Waldo silty clay loam. The soils are in the hydrologic soil group C.

The report is in Appendix B.

Infiltration

Infiltration testing was performed at the site to determine percolation rates of the soils. Test results

indicate rates at 0.2 inches. The geotechnical report for the site is in Appendix B.

DEeVELOPED CONDITIONS
The proposed development will have two multi-family apartment buildings with paved parking,

sidewalks and structures that will create impervious surfaces. The site area is approximately 1.10 acres
of which approximately 42,400 square feet will be disturb. Detention will be provided via a newly
constructed Contech ChamberMaxx® retention chamber system located in the parking lot adjacent to
Woodside Drive SE. The detention system has a maximum capacity to detain approximately 3,500 cubic

feet of water. The development will utilize approximately 3,200 cubic feet of storage capacity.

STORMWATER QUANTITY ANALYSIS

Because of infiltration rates that are less than 0.5 inches/hour, stormwater quantity management is
proposed to be handled via a volume-based system utilizing a detention chamber system with a control

structure that has multiple orifices.

Per the standards, one-half of the post development peak runoff rate of the two-year storm must be
equal to or less than one-half of the peak runoff rate of the pre-developed two-year, 24-hour storm. This
also applies to the 10, 25 and 100-year, 24-hour storm events. Flow rates were calculated using
HydroCAD 10.00. Table 1 below lists the 24-hour rainfall depths used for the analysis of each storm

event. Please note that the 2-year event was halved and then analyzed.



Table 1

24-hour
Storm Event Rainfall Depth

(in)

100 4.4

The SCS TR-20 Unit Hydrograph method was used to generate the hydrographs. A Type 1A rainfall
distribution was used with the above rainfall depths. A runoff Curve Number (CN) of 72 used for pre-
developed conditions. This corresponds to City of Salem Pre-developed in Hydrological Soil Group C.
Appendix A contains the basin map for pre-developed conditions. The time of concentration for the pre-
developed conditions was calculated to be approximately 10 minutes. The calculations for times of

concentration can be seen in Appendix C.

The post-developed flow rates were calculated using HydroCAD 10.00. A time of concentration of 5
minutes was assumed for the developed site. The calculations are incorporated in the HydroCAD output
located in Appendix D. Developed areas were determined by an AutoCAD analysis and Table 2 below

lists the CN values and areas. A site map identifying area types is in Appendix A.

Table 2

Impervious Landscaping Composite CN Total Area
(sf) (sf) (sf)

CN=98 CN=72 CN=98

Site 26,459 15,952 89 42,411

The above values were inputted into HydroCAD to determine the allowable outflow rate and the
required detention volume for each storm event. The calculated allowable pre-developed flow rates are
in Table 3 below. It should be noted that the Half of the 2-year runoff rate is extremely low. A flow rate

of 0.01 cfs was used for design to allow for the system to drain and prevent clogging of the orifice.



Table 3

Allowable
Storm Event = Release Rate
(cfs)
Half of 2-year 0.01
10-year 0.16
25-year 0.22
100-year 0.36

DETENTION SYSTEM
In the detention analysis, the site was considered a single basin draining into the proposed detention

system. Site grading and conveyance pipe will direct stormwater runoff to the detention system located

in the southeasterly parking lot.

Based on the above design parameters, the allowable pre-developed release rates are 0.01, 0.16, 0.22
and 0.36 cfs. The allowable release rates and detention requirements were generated from the
HydroCAD software, which can be seen in Appendix D. Table 4 below summarizes the requirements for

the required storm events.

Table 4

Allowable Release Rate Required Provided

Storm Event  Release Rate (cfs) Detention Detention

(cfs) Volume Volume
(ft°) (ft?)
Half of 2-year 0.01 0.01 1,052 3,534
10-year 0.16 0.14 2,135 3,534
25-year 0.22 0.18 2,501 3,534
100-year 0.36 0.25 3,200 3,534

Flow control is achieved using multiple orifices in a standard City of Salem control structure and is
located at the southerly parking lot. The sizing of the orifice uses the standard orifice equation provided
in the City of Salem Stormwater Management Manual. Table 5 below identifies orifice size, elevation

and the water surface elevation.

Table 5



Control Orifice Elevation W.S.
Storm Event Orifice (#) Diameter (feet) Elevation

(inches) (feet)

Half of 2-year 1 0.5 395.50 396.09
10-year 2 2.5 396.25 397.02
25-year 2 2.5 396.25 397.38
100-year 2 2.5 396.25 398.47
Overflow 398.50

Appendix D contains the exhibits showing the detention systems and control manhole. A 12-inch
overflow stand pipe has been incorporated to allow for the 100-year storm event to outlet.

WATER QUALITY METHODOLOGY

Because of a small development footprint, green stormwater facilities will be vegetated swale.

WATER QUALITY ANALYSIS

An analysis has been performed for the vegetated swale to demonstrate the system will operate per City

standards.

WATER QUALITY DESIGN

Water quality treatment for the proposed development will be via a vegetative swale. The flow rate was
calculated with HydroCAD 10.00. The SCS TR-50 Unit Hydrograph method was used to generate the
hydrographs. A Type 1A storm and a 24-hour rainfall depth of 1.38 inches per hour was used to
determine the water quality flow rate 0.11 cfs. The water quality system will treat 80 percent of the

annual rainfall. Appendix E contains the hydrograph.

VEGETATIVE SWALE ANALYSIS

The proposed vegetative swale is approximately 100 feet in length. It provides water quality treatment
by slowing the stormwater down, allowing for the removal of pollutants through sedimentation,
adsorption onto surrounding vegetation, and biological uptake. The swale was designed per the City

designed standards using the following criteria:



Bottom Width — Minimum \ 2 feet
Maximum Water Depth - Treatment \ 4 inches
Maximum Water Depth - Conveyance \ 12 inches
Side Slopes \ 3:1
Manning's "n" Treatment \ 0.25
Mannings's "n" Conveyance \ 0.030
Minimum & Maximum Slope \ 0.5% - 6%
Maximum Velocity \ 0.9 feet per second
Hydraulic Residence Time | > 9 minutes

The program Hydraulic Toolbox 4.2 from the Federal Highway Administration (FHWA) was used to
analyze the swale. The analysis yields an average velocity of 0.146 feet per second. With a 100-foot-long
swale, a hydraulic residence time is calculated to be 685 seconds or 11.4 minutes, which exceeds the
required 9-minute residence time. Both the average velocity and the hydraulic residence time meet the
parameters established in the City of Salem Design Standards. Below contains the computer program

generated output table.



The swale was also analyzed for conveyance using the City of Salem design parameters. The allowable
100-year outflow of 0.25 cfs was used to determine the swale capacity requirements. Below contains

the computer program generated output table. The design is complying to the standards.

OPERATION & MAINTENANCE

Operation and maintenance of the facilities will be the responsibility of the property owner.

CONCLUSION

Based on the presented information, the proposed design meets the water quantity standards per the
current City of Salem's Public Works Design Standards. If there are any questions regarding this analysis
or the design, please contact Matthew Hendrick at Multi/Tech Engineering by phone at (503) 363-9227

or via e-mail at mhendrick@mtengineering.net.
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Pre-developed Conditions
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Hydrologic Soil Group—Marion County Area, Oregon
(Waln Creek Apartments)

497810 497820 497870
44° 52'24"N | | | | | | | 44° 52'24"N

SellliMapiimayfinotibe Validiatsthistscalle?

- g

44° 52'22"N 44° 52'22"N
497760 497770 497780 497810

Map Scale: 1:539 if printed on A landscape (11" x 8.5") sheet.
——  ——————————————— Meters
0 5 10 20

Feet
0 25 50 100 150
Map projection: Web Mercator Comer coordinates: WGS84  Edge tics: UTM Zone 10N WGS84

Natural Resources Web Soil Survey 5/20/2020
Conservation Service National Cooperative Soil Survey Page 2 of 4




Hydrologic Soil Group—Marion County Area, Oregon

(Waln Creek Apartments)
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Hydrologic Soil Group—Marion County Area, Oregon

Waln Creek Apartments

Hydrologic Soil Group

Map unit symbol Map unit name Rating Acres in AOI Percent of AOI

MaA

McAlpin silty clay loam, |C 0.8
0 to 3 percent slopes

79.3%

Wa

Waldo silty clay loam C/D 0.2

20.7%

Totals for Area of Interest 1.1

100.0%

Description

Hydrologic soil groups are based on estimates of runoff potential. Soils are
assigned to one of four groups according to the rate of water infiltration when the
soils are not protected by vegetation, are thoroughly wet, and receive
precipitation from long-duration storms.

The soils in the United States are assigned to four groups (A, B, C, and D) and
three dual classes (A/D, B/D, and C/D). The groups are defined as follows:

Group A. Soils having a high infiltration rate (low runoff potential) when
thoroughly wet. These consist mainly of deep, well drained to excessively
drained sands or gravelly sands. These soils have a high rate of water
transmission.

Group B. Soils having a moderate infiltration rate when thoroughly wet. These
consist chiefly of moderately deep or deep, moderately well drained or well
drained soils that have moderately fine texture to moderately coarse texture.
These soils have a moderate rate of water transmission.

Group C. Soils having a slow infiltration rate when thoroughly wet. These consist
chiefly of soils having a layer that impedes the downward movement of water or
soils of moderately fine texture or fine texture. These soils have a slow rate of
water transmission.

Group D. Soils having a very slow infiltration rate (high runoff potential) when
thoroughly wet. These consist chiefly of clays that have a high shrink-swell
potential, soils that have a high water table, soils that have a claypan or clay
layer at or near the surface, and soils that are shallow over nearly impervious
material. These soils have a very slow rate of water transmission.

If a soil is assigned to a dual hydrologic group (A/D, B/D, or C/D), the first letter is
for drained areas and the second is for undrained areas. Only the soils that in
their natural condition are in group D are assigned to dual classes.

Rating Options

Aggregation Method: Dominant Condition

USDA
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|

Natural Resources Web Soil Survey
Conservation Service National Cooperative Soil Survey
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May 15, 2020

Mr. Jeremy Grenz

Multi/Tech Engineering Services, Inc.
1155 13th Street SE

Salem, Oregon 97302

Dear Mr. Grenz:

Re: Geotechnical Investigation and Consultation Services, Proposed Woodside Drive Residential
Development Site, Tax Lot No's. 2401 and 2501, Woodside Drive SE and Mildred Lane SE,
Salem (Marion County), Oregon

Submitted herewith is our report entitled “Geotechnical Investigation and Consultation Services,
Proposed Woodside Drive Residential Development Site, Tax Lot No's. 2401 and 2501, Woodside
Drive SE and Mildred Lane SE, Salem (Marion County), Oregon”. The scope of our services was
outlined in our formal proposal to Mr. Jeremy Grenz of Multi/Tech Engineering Services, Inc on
March 23, 2020. Written authorization of our services was provided by Mr. Jeremy Grenz of
Multi/Tech Engineering Services, Inc. on April 7, 2020.

During the course of our investigation, we have kept you and/or others advised of our schedule and
preliminary findings. We appreciate the opportunity to assist you with this phase of the project.
Should you have any questions regarding this report, please do not hesitate to call.

_«&?@i@f SN

Daniel M. Redmond, P.E., G.E.

- . . - o TomnmEmE et Q
President/Principal Engineer 7/1, D s o O\;
Elm reot
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Project No. 1001.069.G
Page No. 1

GEOTECHNICAL INVESTIGATION AND CONSULTATION SERVICES
PROPOSED WOODSIDE DRIVE RESIDENTIAL DEVELOPMENT SITE
TAX LOT NO'S. 2401 AND 2501
WOODSIDE DRIVE SE AND MILDRED LANE SE
SALEM (MARION COUNTY), OREGON

INTRODUCTION

Redmond Geotechnical Services, LLC is please to submit to you the results of our Geotechnical
Investigation and Consultation Services at the site of the proposed new residential development
located to the west of Woodside Drive SE and to the southwest of the intersection with Mildred
Lane SE in Salem (Marion County), Oregon. The general location of the subject site is shown on the
Site Vicinity Map, Figure No. 1. The purpose of our geotechnical investigation and consultation
services at this time was to explore the existing subsurface soils and/or groundwater conditions
across the subject site and to evaluate any potential concerns with regard to development at the
site as well as to develop and/or provide appropriate geotechnical design and construction
recommendations for the proposed new residential development project.

PROJECT DESCRIPTION

We understand that present plans are to develop the subject property by constructing two (2) new
multi-family (apartment) buildings on the easterly portion of the site and four (4) new single-family
homes on the westerly portion of the site. Reportedly, the proposed new multi-family apartment
buildings will be two- and/or three-story wood-frame structures with a concrete slab-on-grade floor
and will have a base and/or ground floor foot print of between 2,000 and 2,500 square feet while
the new single-family residential homes will be single- and/or two-story structures constructed with
wood framing and a raised wooden post and beam floor system. Support of the new single- and/or
multi-family residential structures is anticipated to consist primarily of conventional shallow strip
(continuous) footings although some individual (spread) column-type footings may also be required.
Structural loading information, although unavailable at this time, is anticipated to be fairly typical
and light for this type of single- and/or three-story wood-frame residential structure and is expected
to result in maximum dead plus live continuous (strip) and individual (column) footing loads on the
order of about 1.5 to 4.0 kips per lineal foot (kIf) and 10 to 50 kips, respectively.

Other associated site improvements for the project will include construction of a new paved parking
lot and drive area for the multi-family residential development site and a new paved private access
drive for the single-family residential development site. Additionally, the project will include the
construction of new underground utility services as well as possible new concrete curbs and
sidewalks. Further, we understand that storm water from impervious and/or hard surfaces (i.e.,
roofs and pavements) of the project site will be collected for treatment and/or possible disposal
within an on-site storm water management facility. Earthwork and grading for the project, although
unknown at this time, is expected to result in cuts and/or fills of about one (1) to two (2) feet.
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SCOPE OF WORK

The purpose of our geotechnical studies was to evaluate the overall subsurface soil and/or
groundwater conditions underlying the subject site with regard to the proposed new residential
development and construction at the site and any associated impacts or concerns with respect to
proposed new single- and/or multi-family residential development at the site as well as provide
appropriate geotechnical design and construction recommendations for the project. Specifically, our
geotechnical investigation and consultation services included the following scope of work items:

1. Review of available and relevant geologic and/or geotechnical investigation reports for the
subject site and/or area.

2. A detailed field reconnaissance and subsurface exploration program of the soil and ground
water conditions underlying the site by means of seven (7) exploratory test pit excavations.
The exploratory test pits were excavated to depths ranging from about four (4) to seven (7)
feet beneath existing site grades at the approximate locations as shown on the Site Exploration
Plan, Figure No. 2. Additionally, field infiltration testing was also performed within one (1) of
the exploratory test pit excavations (TH-#3) in general conformance with the EPA
Encased Falling Head and/or City of Salem Public Works Standards.

3. Laboratory testing to evaluate and identify pertinent physical and engineering properties of
the subsurface soils encountered relative to the planned site development and construction
at the site. The laboratory testing program included tests to help evaluate the natural (field)
moisture content and dry density, maximum dry density and optimum moisture content,
gradational characteristics and Atterberg Limits as well as "R"-value tests.

4. A literature review and engineering evaluation and assessment of the regional seismicity to
evaluate the potential ground motion hazard(s) at the subject site. The evaluation and
assessment included a review of the regional earthquake history and sources such as potential
seismic sources, maximum credible earthquakes, and reoccurrence intervals as well as a
discussion of the possible ground response to the selected design earthquake(s), fault rupture,
landsliding, liquefaction, and tsunami and seiche flooding.

5. Engineering analyses utilizing the field and laboratory data as a basis for furnishing
recommendations for foundation support of the proposed new residential structure(s).
Recommendations include maximum design allowable contact bearing pressure(s), depth of
footing embedment, estimates of foundation settlement, lateral soil resistance, and
foundation subgrade preparation. Additionally, construction and/or permanent subsurface
water drainage considerations have also been prepared. Further, our report includes
recommendations regarding site preparation, placement and compaction of structural fill
materials, suitability of the on-site soils for use as structural fill, criteria for import fill
materials, and preparation of foundation, pavement and/or floor slab subgrades.
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6. Flexible pavement design and construction recommendations for the proposed new paved
private site improvements.

SITE CONDITIONS

Site Geology

Available geologic mapping of the area and/or subject site (Geologic Map of the Salem West 7.5
Minute Quadrangle) indicates that the near surface soils consist of the Winter Water (Tgww)
member of the Columbia River and/or Grande Ronde Basalt group of Miocene age. Characteristics
includes up to two (2) flows within the map area. Both flows typically display entablature/colonnade
jointing style. Fresh exposures are dark gray to black; weathered surfaces are greenish gray to
grayish black. Both flows are commonly glassy to fine-grained, microphyric, phyric to abundantly
phyric woth small plagioclase glomerocrysts that often display a distinctive radial or spoke-shaped
habit. Distribution of plagoiclase gomerocrysts is often uneven and they tend to be less abundant in
the basal portion of the flows. Winter Water flows are distinguished from other Grande Ronde units
on the combined basis of stratigraphic position, lithology, geochemical composition and
paleomagnetic polarity (see Reidel and others, 1989 and Beeson and others, 1989). Unit thickness
within the map area is variable ranging from 0 to 120 feet thick.

Surface Conditions

The subject proposed new residential development property consists of two (2) irregular shaped tax
lots (TL's 2401 and 2501) which encompass a total plan area of approximately 1.77 acres. The
proposed new residential development property is roughly located to the west of Woodside Drive
SE and to the southwest of the intersection with Mildred Lane SE. The subject proposed residential
development site is generally unimproved and void of existing structures. However, the easterly
portion of the subject site is surfaced with gravel. Surface vegetation across the site generally
consists of a moderate to heavy growth of grass and weeds as well as some brush and trees.

Topographically, most of the site is characterized as relatively flat-lying to gently sloping terrain and
lies between about Elevation 392 to 402 feet. Additionally, Waln Creek traverses the central portion

of the site.

Subsurface Soil Conditions

Our understanding of the subsurface soil conditions underlying the site was developed by means of
seven (7) exploratory test pits excavated to depths ranging from about four (4) to seven (7) feet
beneath existing site grades on July 2, 2018 and/or May 1, 2020 with a John Deere 200C track-
mounted excavator. The location of the exploratory test pits were located in the field by marking off
distances from existing and/or known site features and are shown in relation to the existing site
improvements on the Site Exploration Plan, Figure No. 2. Detailed logs of the test pit explorations,
presenting conditions encountered at each location explored, are presented in the Appendix, Figure
No's. A-4 through A-7.
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The exploratory test pit excavations were observed by staff from Redmond Geotechnical Services,
LLC who logged each of the test pit explorations and obtained representative samples of the
subsurface soils encountered across the site. All subsurface soils encountered at the site and/or
within the exploratory test pit excavations were logged and classified in general conformance with
the Unified Soil Classification System (USCS) which is outlined on Figure No. A-3.

The test pit explorations revealed that the subject site is underlain by both fill materials and at
depth by native soil and/or weathered bedrock deposits. Specifically, the fill materials consist of
of an upper unit of medium to orangish- and/or dark brown, moist to very moist, poorly to
moderately compacted, sandy, clayey silt with organics and miscellaneous construction debris (i.e.,
concrete and asphalt rubble) to a depth of approximately one (1) to four (4) feet. Additionally, at
least three (3) feet or more of strippings (sod) was encountered in test hole TH-#4 between a depth
of between four (4) and seven (7) feet. The fill materials were inturn underiain by native soil and/or
highly weathered deposits composed of a transitional layer of old topsoil remnants which were
inturn underlain by medium to orangish- and/or reddish-brown, most to very moist, medium stiff to
stiff and/or medium dense, sandy, clayey silt to clayey, silty sand to the maximum depth explored
of about seven (7) feet beneath the existing site and/or surface grades. These sandy, clayey silt
and/or clayey, silty sand subgrade soils and/or highly weathered bedrock deposits are best
characterized by relatively low to moderate strength and compressibility.

Groundwater

Groundwater was not encountered within any of the exploratory test pit explorations (TH-#1
through TH-#7) at the time of excavation to depths of at least seven (7) feet beneath existing surface
grades. However, Waln Creek traverses the central portion of the subject property. In this regard,
although groundwater elevations at the site may fluctuate seasonally in accordance with rainfall
conditions as well as changes in site utilization, we are generally of the opinion that the level of the
existing Waln Creek generally reflect the seasonal groundwater level(s) at and/or beneath the site.

INFILTRATION TESTING

One (1) field infiltration test was performed at the site on July 2, 2018. The infiltration test was
performed in test pit TH-#3 at a depth of about six (6) to seven (7) feet beneath existing site grades.
The subgrade soils in TH-#3 consisted of native sandy, clayey silt.

The field infiltration testing was performed in general conformance with the EPA Falling Head
Method and/or City of Salem Department of Public Works. Specifically, water was discharged into
the test hole excavation and allowed to penetrate the exposed subgrade soils at depth within the
test hole excavation. The water level was adjusted over a two (2) hour period and allowed to
achieve a saturated subgrade soil condition consistent with the bottom twelve (12) inches of the
surrounding test pit excavation. Following the required saturation period, water was again added
into the test hole and the time and/or rate at which the water level dropped was monitored and
recorded. The water level drop was recorded until a consistent infiltration rate was observed and/or
repeated.
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Based on the results of the field infiltration testing (see Field Infiltration Test Results, Figure No.
A-12), we have found that the underlying native sandy, clayey silt subgrade soil deposits possess an
ultimate infiltration rate of about 0.4 inches per hour {in/hr).

LABORATORY TESTING

Representative samples of the on-site subsurface soils were collected at selected depths and
intervals from various test pit excavations and returned to our laboratory for further examination
and testing and/or to aid in the classification of the subsurface soils as well as to help evaluate and
identify their engineering strength and compressibility characteristics. The laboratory testing
consisted of visual and textural sample inspection, moisture content and dry density
determinations, maximum dry density and optimum moisture content, Atterberg Limits and
gradation analyses as well as "R"-value tests. Results of the various laboratory tests are presented in
the Appendix, Figure No’s. A-8 through A-11.

SEISMICITY AND EARTHQUAKE SOURCES

The seismicity of the southwest Washington and northwest Oregon area, and hence the potential
for ground shaking, is controlled by three separate fault mechanisms. These include the Cascadia
Subduction Zone {CSZ), the mid-depth intraplate zone, and the relatively shallow crustal zone.
Descriptions of these potential earthquake sources are presented below.

The CSZ is located offshore and extends from northern California to British Columbia. Within this
zone, the oceanic Juan de Fuca Plate is being subducted beneath the continental North American
Plate to the east. The interface between these two plates is located at a depth of approximately 15
to 20 kilometers (km). The seismicity of the CSZ is subject to several uncertainties, including the
maximum earthquake magnitude and the recurrence intervals associated with various magnitude
earthquakes. Anecdotal evidence of previous CSZ earthquakes has been observed within coastal
marshes along the Washington and Oregon coastlines. Sequences of interlayered peat and sands
have been interpreted to be the result of large Subduction zone earthquakes occurring at intervals
on the order of 300 to 500 years, with the most recent event taking place approximately 300 years
ago. A study by Geomatrix (1995) and/or USGS (2008) suggests that the maximum earthquake
associated with the CSZ is moment magnitude (Mw) 8 to 9. This is based on an empirical expression
relating moment magnitude to the area of fault rupture derived from earthquakes that have
occurred within Subduction zones in other parts of the world. An Mw 9 earthquake would involve a
rupture of the entire CSZ. As discussed by Geomatrix (1995) this has not occurred in other
subduction zones that have exhibited much higher levels of historical seismicity than the CSZ.
However, the 2008 USGS report has assigned a probability of 0.67 for a Mw 9 earthquake and a
probability of 0.33 for a Mw 8.3 earthquake. For the purpose of this study an earthquake of Mw 9.0
was assumed to occur within the CSZ.
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The intraplate zone encompasses the portion of the subducting Juan de Fuca Plate located at a
depth of approximately 30 to 50 km below western Washington and western Oregon. Very low
levels of seismicity have been observed within the intraplate zone in western Oregon and western
Washington. However, much higher levels of seismicity within this zone have been recorded in
Washington and California. Several reasons for this seismic quiescence were suggested in the
Geomatrix (1995) study and include changes in the direction of Subduction between Oregon,
Washington, and British Columbia as well as the effects of volcanic activity along the Cascade Range.
Historical activity associated with the intraplate zone includes the 1949 Olympia magnitude 7.1 and
the 1965 Puget Sound magnitude 6.5 earthquakes. Based on the data presented within the
Geomatrix (1995) report, an earthquake of magnitude 7.25 has been chosen to represent the
seismic potential of the intraplate zone.

The third source of seismicity that can result in ground shaking within the Vancouver and southwest
Washington area is near-surface crustal earthquakes occurring within the North American Plate. The
historical seismicity of crustal earthquakes in this area is higher than the seismicity associated with
the CSZ and the intraplate zone. The 1993 Scotts Mills (magnitude 5.6) and Klamath Falls (magnitude
6.0), Oregon earthquakes were crustal earthquakes.

Liquefaction

Seismic induced soil liquefaction is a phenomenon in which lose, granular soils and some silty soils,
located below the water table, develop high pore water pressures and lose strength due to ground
vibrations induced by earthquakes. Soil liquefaction can result in lateral flow of material into river
channels, ground settlements and increased lateral and uplift pressures on underground structures.
Buildings supported on soils that have liquefied often settle and tilt and may displace laterally. Soils
located above the ground water table cannot liquefy, but granular soils located above the water
table may settle during the earthquake shaking.

Our review of the subsurface soil test pit logs from our exploratory field explorations (TH-#1 through
TH-#7) and laboratory test results indicate that the site is generally underlain at depth by medium
dense, highly weathered bedrock deposits to depths of at least 7.0 feet beneath existing site
grades. Additionally, groundwater was not encountered within any of the exploratory test pit
excavations (TH-#1 through TH-#7) at the site during our field exploration work to depths of at least
7.0 feet. As such, due to the medium dense highly weathered bedrock beneath the site, it is our
opinion that the native subgrade soil deposits located beneath the subject site have a low potential
for liquefaction during the design earthquake motions previously described.

Landslides

No ancient and/or active landslides were observed or are known to be present on the subject site.
Additionally, the subject site is characterized as relatively flat-lying terrain. As such, the risk of
landsliding does not present a potential geologic hazard with regard to the proposed residential
development of the site.
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Surface Rupture

Although the site is generally located within a region of the country known for seismic activity, no
known faults exist on and/or immediately adjacent to the subject site. As such, the risk of surface
rupture due to faulting is considered negligible.

Tsunami and Seiche

A tsunami, or seismic sea wave, is produced when a major fault under the ocean floor moves
vertically and shifts the water column above it. A seiche is a periodic oscillation of a body of water
resulting in changing water levels, sometimes caused by an earthquake. Tsunami and seiche are not
considered a potential hazard at this site because the site is not near to the coast and/or there are
no adjacent significant bodies of water.

Flooding and Erosion

Stream flooding is a potential hazard that should be considered in lowland areas of Marion County
and Salem. The FEMA (Federal Emergency Management Agency) flood maps should be reviewed as
part of the design for the proposed new residential structures and site improvements. Elevations of
structures on the site should be designed based upon consultants reports, FEMA (Federal
Emergency Management Agency), and Marion County requirements for the 100-year flood levels of
any nearby creeks and/or streams such as the existing Waln Creek.

CONCLUSIONS AND RECOMMENDATIONS
General

Based on the results of our field explorations, laboratory testing, and engineering analyses, it is our
opinion that the site is generally suitable for the proposed new single- and/or multi-family
residential development and its associated site improvements provided that the recommendations
contained within this report are properly incorporated into the design and construction of the
project.

The primary features of concern at the site are 1) the presence of existing fill materials across the
site and 2) the presence of moisture sensitivity of the near surface sandy, clayey silt subgrade soils.

With regard to the presence of the existing fill materials across the site, we are generally of the
opinion that the existing fill soil materials are poorly to moderately well compacted. Additionally,
the existing fill soils located within the southeasterly portion of the site contain at least three (3)
feet or more of strippings and/or sod. Further, we are not aware of any records which existing with
regard to the placement of the existing fill soil materials at the site. As such, it is our professional
opinion that the existing fill materials are unsuitable for direct support of the proposed new singl-e
and/or multi-family building(s).
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In this regard, stripping and clearing to depths of approximately 1.0 to 7.0 feet or more is generally
recommended to remove the existing fill materials from beneath the proposed new single- and/or
multi-family residential structures. However, depending on the degree and/or level of risk
considered acceptable for the residential project, it may be feasible to allow some portions of the
existing surficial (i.e., approximately 12 inches) fill soils to remain beneath the planned new paved
access drive and/or parking areas provided that the existing surficial fill soil materials are
compacted/re-compacted to the requirements of structural fill. Additionally, areas of the site which
contain more than 12 inches of existing fill material and/or are underlain at depth by strippings
and/or old topsoil remnants should be removed in their entirety down to firm and approved native
subgrade soils.

In regard to the moisture sensitive sandy, clayey silt subgrade soils, we are generally of the opinion
that all site grading and earthwork activities be scheduled for the drier summer months which is
typically June through September.

The following sections of this report provide specific recommendations regarding subgrade
preparation and grading as well as foundation and floor slab design and construction for the new

Woodside Drive residential development project.

Site Preparation

As an initial step in site preparation, we recommend that the proposed new residential
development site as well as its associated structural and/or site improvement area(s) be stripped
and cleared of all existing improvements, any existing unsuitable fill materials, surface debris,
existing vegetation, topsoil materials, and/or any other deleterious materials present at the time of
construction. In general, we envision that the site stripping to remove existing vegetation will
generally be about 4 to 6 inches. However, localized areas requiring deeper removals, such as any
existing undocumented and/or unsuitable fill materials as well as old foundation remnants, will
likely be encountered and should be evaluated at the time of construction by the Geotechnical
Engineer. The stripped and cleared materials should be properly disposed of as they are generally
considered unsuitable for use/reuse as fill materials.

Following the completion of the site stripping and clearing work and prior to the placement of any
required structural fill materials and/or structural improvements, the exposed subgrade soils within
the planned structural improvement area(s) should be inspected and approved by the Geotechnical
Engineer and possibly proof-rolled with a half and/or fully ioaded dump truck. Areas found to be soft
or otherwise unsuitable should be over-excavated and removed or scarified and recompacted as
structural fill. During wet and/or inclement weather conditions, proof rolling and/or scarification

and recompaction as noted above may not be appropriate.

The on-site native sandy, clayey silt to silty sand subgrade soil materials are generally considered
suitable for use/reuse as structural fill materials provided that they are free of organic materials,
debris, and rock fragments in excess of about 6 inches in dimension.
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However, if site grading is performed during wet or inclement weather conditions, the use of some
of the on-site native soil materials which contain significant silt and clay sized particles will be
difficult at best.

In this regard, during wet or inclement weather conditions, we recommend that an import structural
fill material be utilized which should consist of a free-draining {clean) granular fill {sand & gravel)
containing no mare than about 5 percent fines. Representative samples of the materials which are
to be used as structural fill materials should be submitted to the Geotechnical Engineer and/or
laboratory for approval and determination of the maximum dry density and optimum moisture
content for compaction.

In general, ali site earthwork and grading activities should be scheduled for the drier summer
months {June through September) if possible. However, if wet weather site preparation and grading
is required, it is generally recommended that the stripping of topsoil materials be accomplished with
a tracked excavator utilizing a large smooth-toothed bucket working from areas yet to be excavated.
Additionally, the loading of strippings into trucks and/or protection of moisture sensitive subgrade
soils will also be required during wet weather grading and construction. In this regard, we
recommend that areas in which construction equipment will be traveling be protected by covering
the exposed subgrade soils with a woven geotextile fabric such as Mirafi FW404 followed by at least
12 inches or more of crushed aggregate base rock. Further, the geotextile fabric should have a
minimum Mullen burst strength of at least 250 pounds per square inch for puncture resistance and
an apparent opening size (AOS) between the U.S. Standard No. 70 and No. 100 sieves.

All structural fill materials placed within the new residential structures and/or pavement areas
should be moistened or dried as necessary to near (within 3 percent) optimum moisture conditions
and compacted by mechanical means to a minimum of 92 percent of the maximum dry density as
determined by the ASTM D-1557 (AASHTO T-180) test procedures. Structural fill materials should be
placed in lifts (layers) such that when compacted do not exceed about 8 inches. Additionally, all fill
materials placed within three (3) lineal feet of the perimeter (limits) of the proposed new residential
structures and/or pavements should be considered structural fill.

Foundation Support

Based on the results of our investigation, it is our opinion that the site of the proposed new
Woodside Drive residential development is suitable for support of the single- and/or three-story
wood-frame structure(s) provided that the following foundation design recommendations are
followed. The following sections of this report present specific foundation design and construction
recommendations for the planned new single- and/or multi-family structures.
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Shallow Foundations

In general, conventional shallow continuous (strip) footings and individual (spread) column footings
may be supported by approved native (untreated) subgrade soil materials and/or new structural fill
soils based on an allowable contact bearing pressure of about 2,500 pounds per square foot (psf).
This recommended allowable contact bearing pressure is intended for dead loads and sustained live
loads and may be increased by one-third for the total of all loads including short-term wind or
seismic loads. However, due to the presence of the highly weathered bedrock deposits beneath the
site, we anticipate that some disturbance may occur during the footing excavations. Additionally,
deterioration of the exposed bearing surfaces may occur where foundations are constructed during
wet and/or inclement weather conditions and expose moisture sensitive clayey silt subgrade
bearing soils. In this regard, we recommend that consideration be given to placing a 2-to 4-inch
layer of compacted crushed rock above the native highly weathered bedrock and/or moisture
sensitive clayey silt subgrade bearing surfaces.

In general, continuous strip footings should have a minimum width of at least 16 inches and be
embedded at least 18 inches below the lowest adjacent finish grade (includes frost protection).
Individual column footings (where required) should be embedded at least 18 inches below grade
and have a minimum width of at least 24 inches.

Total and differential settlements of foundations constructed as recommended above and
supported by approved native subgrade soils or by properly compacted structural fill materials are
expected to be well within the tolerable limits for this type of lightly loaded single- and/or two-story
wood-frame structure and should generally be less than about 1-inch and 1/2-inch, respectively.

Allowable lateral frictional resistance between the base of the footing element and the supporting
subgrade bearing soil can be expressed as the applied vertical load multiplied by a coefficient of
friction of 0.35 and 0.45 for native silty subgrade soils and/or import gravel fill materials,
respectively. In addition, lateral loads may be resisted by passive earth pressures on footings poured
“neat” against in-situ (native) subgrade soils or properly backfilled with structural fill materials based
on an equivalent fluid density of 300 pounds per cubic foot (pcf). This recommended value includes
a factor of safety of approximately 1.5 which is appropriate due to the amount of movement
required to develop full passive resistance.

Floor Slab Support

in order to provide uniform subgrade reaction beneath concrete slab-on-grade floors, we
recommend that the floor slab area be underlain by a minimum of 4 inches of free-draining (less
than 5 percent passing the No. 200 sieve), well-graded, crushed rock. The crushed rock should help
provide a capillary break to prevent migration of moisture through the slab. However, additional
moisture protection can be provided by using a 10-mil polyolefin geo-membrane sheet such as
StegoWrap.
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The base course materials should be compacted to at least 95 percent of the maximum dry density
as determined by the ASTM D-1557 (AASHTO T-180) test procedures. Where floor slab subgrade
materials are undisturbed, firm and stable and where the underslab aggregate base rock section has
been prepared and compacted as recommended above, we recommend that a modulus of subgrade
reaction of 150 pci be used for design.

Retaining/Below Grade Walls

Retaining and/or below grade walls should be designed to resist lateral earth pressures imposed by
native soils or granular backfill materials as well as any adjacent surcharge loads. For walls which are

unrestrained at the top and free to rotate about their base, we recommend that active earth
pressures be computed on the basis of the following equivalent fluid densities:

Non-Restrained Retaining Wall Pressure Design Recommendations

Slope Backfill Equivalent Fluid Density/Silt Equivalent Fluid
(Horizontal/Vertical) {pcf) Density/Gravel (pcf)
Level 35 30
3H:1V 60 50
2H:1V 90 80

For walls which are fully restrained at the top and prevented from rotation about their base, we
recommend that at-rest earth pressures be computed on the basis of the following equivalent fluid

densities:

Restrained Retaining Wall Pressure Design Recommendations

Slope Backfili Equivalent Fluid Density/Silt Equivalent Fluid
(Horizontal/Vertical) (pcf) Density/Gravel (pcf)
Level 45 35
3H:1V 65 60
2H:1V 95 90

The above recommended values assume that the walls will be adequately drained to prevent the
buildup of hydrostatic pressures. Where wall drainage will not be present and/or if adjacent
surcharge loading is present, the above recommended values will be significantly higher.

Backfill materials behind walls should be compacted to 90 percent of the maximum dry density as
determined by the ASTM D-1557 (AASHTO T-180) test procedures. Special care should be taken to
avoid over-compaction near the walls which could result in higher lateral earth pressures than those
indicated herein. In areas within three (3) to five (5) feet behind walls, we recommend the use of
hand-operated compaction equipment.
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Pavements

Flexible pavement design for the project was determined on the basis of projected (anticipated)
traffic volume and loading conditions relative to laboratory subgrade soil strength (“R”-value)
characteristics. Based on a laboratory subgrade “R”-value of 30 (Resilient Modulus = 5,000 to
10,000) and utilizing the Asphalt Institute Flexible Pavement Design Procedures and/or the
American Association of State Highway and Transportation Officials (AASHTO) 1993 “Design of
Pavement Structures” manual, we recommend that the asphaltic concrete pavement section(s) for
the new residential development areas at the site consist of the following:

Asphaltic Concrete Crushed Base Rock

Thickness (inches) Thickness (inches)
Automobile Parking Areas 2.5 8.0
Automobile Drive Areas 3.0 10.0

Note: Where heavy vehicle traffic is anticipated such as those required for fire and/or garbage
trucks, we recommend that the automobile drive area pavement section be increased by
adding 1.0 inches of asphaltic concrete and 2.0 inches of aggregate base rock. Additionally,
the above recommended flexible pavement section(s) assumes a design life of 20 years.

Pavement Subgrade, Base Course & Asphalt Materials

The above recommended pavement section(s) were based on the design assumptions listed herein
and on the assumption that construction of the pavement section(s) will be completed during an
extended period of reasonably dry weather. All thicknesses given are intended to be the minimum
acceptable. Increased base rock sections and the use of a woven geotextile fabric may be required
during wet and/or inclement weather conditions and/or in order to adequately support construction
traffic and protect the subgrade during construction. Additionally, the above recommended
pavement section(s) assume that the subgrade will be prepared as recommended herein, that the
exposed subgrade soils will be properly protected from rain and construction traffic, and that the
subgrade is firm and unyielding at the time of paving. Further, it assumes that the subgrade is
graded to prevent any ponding of water which may tend to accumulate in the base course.

Pavement base course materials should consist of well-graded 1-1/2 inch and/or 3/4-inch minus
crushed base rock having less than 5 percent fine materials passing the No. 200 sieve. The base
course and asphaltic concrete materials should conform to the requirements set forth in the latest
edition of the Oregon Department of Transportation, Standard Specifications for Highway
Construction. The base course materials should be compacted to at least 95 percent of the
maximum dry density as determined by the ASTM D-1557 (AASHTO T-180) test procedures. The
asphaltic concrete paving materials should be compacted to at least 92 percent of the theoretical
maximum density as determined by the ASTM D-2041 (Rice Gravity) test method.
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Wet Weather Grading and Soft Spot Mitigation

Construction of the proposed new site improvements is generally recommended during dry
weather. However, during wet weather grading and construction, excavation to subgrade can
proceed during periods of light to moderate rainfall provided that the subgrade remains covered
with aggregate. A total aggregate thickness of 12-inches may be necessary to protect the subgrade
soils from heavy construction traffic. Construction traffic should not be allowed directly on the
exposed subgrade but only atop a sufficient compacted base rock thickness to help mitigate
subgrade pumping. If the subgrade becomes wet and pumps, no construction traffic shall be aliowed
on the road alignment. Positive site drainage away from the pavement subgrade shall be maintained
if site paving will not occur before the on-set of the wet season.

Depending on the timing for the project, any soft subgrade found during proof-rolling or by visual
observations can either be removed and replaced with properly dried and compacted fill soils or
removed and replaced with compacted crushed aggregate. However, and where approved by the
Geotechnical Engineer, the soft area may be covered with a bi-axial geogrid and covered with
compacted crushed aggregate.

Soil Shrink-Swell and Frost Heave

The results of the laboratory "R"-value testing indicate that the native subgrade soils possess a low
expansion potential. As such, the exposed subgrade soils should not be allowed to completely dry
and should be moistened to near optimum moisture content (plus or minus 3 percent) at the time of
the placement of the crushed aggregate base rock materials. Additionally, exposure of the subgrade
soils to freezing weather may resuit in frost heave and softening of the subgrade. As such, all
subgrade soils exposed to freezing weather should be evaluated and approved by the Geotechnical
Engineer prior to the placement of the crushed aggregate base rock materials.

Excavation/Slopes

Temporary excavations of up to about four (4) feet in depth may be constructed with near vertical
inclinations. Temporary excavations greater than about four (4) feet but less than eight (8) feet
should be excavated with inclinations of at least 1 to 1 (horizontal to vertical) or properly
braced/shored. Where excavations are planned to exceed about eight (8) feet, this office should be
consulted. All shoring systems and/or temporary excavation bracing for the project should be the
responsibility of the excavation contractor. Permanent slopes should be constructed no steeper
than about 2H to 1V unless approved by the Geotechnical Engineer.

Depending on the time of year in which trench excavations occur, trench dewatering may be
required in order to maintain dry working conditions if the invert elevations of the proposed utilities
are located at and/or below the groundwater level. If groundwater is encountered during utility
excavation work, we recommend placing trench stabilization materials along the base of the
excavation.
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Trench stabilization materials should consist of 1-foot of well-graded gravel, crushed gravel, or
crushed rock with a maximum particle size of 4 inches and less than 5 percent fines passing the No.
200 sieve. The material should be free of organic matter and other deleterious material and placed
in a single lift and compacted until well keyed.

Surface Drainage/Groundwater

We recommend that positive measures be taken to properly finish grade the site so that drainage
waters from the mixed use residential structures and Iandstaping areas as well as adjacent
properties or buildings are directed away from the new single- and/or multi-family residential
structures foundations and/or floor slabs. All roof drainage should be directed into conduits that
carry runoff water away from the residential structure(s) to a suitable outfall. Roof downspouts
should not be connected to foundation drains. A minimum ground slope of about 2 percent is
generally recommended in unpaved areas around the proposed new residential structure(s).

Groundwater was generally not encountered at the site in any of the exploratory test pits (TH-#1
through TH-#7) at the time of excavation to depths of at least seven (7) feet beneath existing site
grades. Additionally, surface water ponding was not observed at the site during our field exploration
work. However, Waln Creek traverses the central portion of the site.

As such, based on our current understand that site grading required to bring the subject site and/or
building pad grade(s) to finish design grade(s), we are of the opinion that an underslab drainage
system is not required for the proposed new multi-family residential structure(s). However, a
perimeter and/or foundation drain is recommended for the proposed new single- and/or multi-
family residential structures and/or any below grade retaining wall(s). A typical recommended
perimeter footing/retaining wall drain detail is shown on Figure No. 3.

Design Infiltration Rates

In general, infiltration into the gravel subgrade soils was found to be good. Based on the results of
our field infiltration testing, we recommend using the following infiltration rates to design a storm
water infiltration and/or disposal system for the project:

Subgrade Soil Type Recommended Infiltration Rate
sandy, clayey SILT (ML/MH) 0.2 inches per hour (in/hr)

Note: A safety factor of two (2) was used to calculate the above recommended design
infiltration rate. Additionally, given the gradational variability of the subgrade soils
beneath the site, it is generally recommended that field testing be performed during
and/or following construction of the on-site storm water infiltration system in order to
confirm that the above recommended design infiltration rates are appropriate.
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Seismic Design Considerations

Structures at the site should be designed to resist earthquake loading in accordance with the
methodology described in the 2019 and/or latest edition of the State of Oregon Structural Specialty
Code (0SSC) and/or Amendments to the 2015 International Building Code (IBC). The maximum
considered earthquake ground motion for short period and 1.0 period spectral response may be
determined from the Oregon Structural Specialty Code and/or from the 2009 National Earthquake
Hazard Reduction Program (NEHRP) “Recommended Provisions for Seismic Regulations for New
Buildings and Other Structures” published by the Building Seismic Safety Council. We recommend
Site Class “D” be used for design. Using this information, the structural engineer can select the
appropriate site coefficient values (Fa and Fv) from the 2015 IBC to determine the maximum
considered earthquake spectral response acceleration for the project. However, we have assumed
the following response spectrum for the project:

Table 1. Recommended Seismic Design Parameters

Site Ss S1 Fa Fv Sms Sm1 Sobs Sp1
Class
D 0.914 0.433 1.134 1.567 1.037 0.678 0.691 0.452

Notes: 1.Ssand S1 were established based on the USGS 2015 mapped maximum considered
earthquake spectral acceleration maps for 2% probability of exceedence in 50 years.

2. Fa and Fv were established based on IBC 2015 tables using the selected Ss and S1 values.

CONSTRUCTION MONITORING AND TESTING

We recommend that Redmond Geotechnical Services, LLC be retained to provide construction
monitoring and testing services during all earthwork operations for the proposed new Woodside
Drive residential development. The purpose of our monitoring services would be to confirm that the
site conditions reported herein are as anticipated, provide field recommendations as required based
on the actual conditions encountered, document the activities of the grading contractor and assess
his/her compliance with the project specifications and recommendations. It is important that our
representative meet with the contractor prior to any site grading to help establish a plan that will
minimize costly over-excavation and site preparation work. Of primary importance will be
observations made during site preparation and stripping, structural fill placement, footing
excavations and construction as well as retaining wall backfill.
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CLOSURE AND LIMITATIONS

This report is intended for the exclusive use of the addressee and/or their representative(s) to use
to design and construct the proposed new single- and/or multi-family residential structure(s) and
its/their associated site improvements described herein as well as to prepare any related
construction documents. The conclusions and recommendations contained in this report are based
on site conditions as they presently exist and assume that the explorations are representative of the
subsurface conditions between the explorations and/or at other locations across the study area. The
data, analyses, and recommendations herein may not be appropriate for other structures and/or
purposes. We recommend that parties contemplating other structures and/or purposes contact our
office. In the absence of our written approval, we make no representation and assume no
responsibility to other parties regarding this report. Additionally, the above recommendations are
contingent on Redmond Geotechnical Services, LLC being retained to provide all site inspections and
constriction monitoring services for this project. Redmond Geotechnical Services, LLC will not
assume any responsibility and/or liability for any engineering judgment, inspection and/or testing
services performed by others.

It is the owners/developers responsibility for insuring that the project designers and/or contractors
involved with this project implement our recommendations into the final design plans, specifications
and/or construction activities for the project. Further, in order to avoid delays during construction,
we recommend that the final design plans and specifications for the project be reviewed by our
office to evaluate as to whether our recommendations have been properly interpreted and
incorporated into the project.

If during any future site grading and construction, subsurface conditions different from those
encountered in the explorations are observed or appear to be present beneath excavations, we
should be advised immediately so that we may review these conditions and evaluate whether
modifications of the design criteria are required. We also should be advised if significant
modifications of the proposed site development are anticipated so that we may review our
conclusions and recommendations.

LEVEL OF CARE

The services performed by the Geotechnical Engineer for this project have been conducted with that
level of care and skill ordinarily exercised by members of the profession currently practicing in the
area under similar budget and time restraints. No warranty or other conditions, either expressed or
implied, is made.
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APPENDIX

FIELD EXPLORATIONS AND LABORATORY TESTING

FIELD EXPLORATION

Subsurface conditions at the site were explored by excavating seven (7) exploratory test pits (TH-#1
through TH-#7) on July 2, 2018 and/or May 1, 2020. The approximate location of the test pit
explorations are shown in relation to the existing site features and/or site improvements on the Site
Exploration Plan, Figure No. 2.

The test pits were excavated using track-mounted excavating equipment in general conformance
with ASTM Methods in Vol. 4.08, D-1586-94 and D-1587-83. The test pits were excavated to depths
ranging from about 4.0 to 7.0 feet beneath existing site grades. Detailed logs of the test pits are
presented on the Log of Test Pits, Figure No's. A-4 through A-7. The soils were classified in
accordance with the Unified Soil Classification System (USCS), which is outlined on Figure No. A-3.

The exploration program was coordinated by a field engineer who monitored the excavating and
exploration activity, obtained representative samples of the subsurface soils encountered, classified
the soils by visual and textural examination, and maintained continuous logs of the subsurface
conditions. Disturbed and/or undisturbed samples of the subsurface soils were obtained at
appropriate depths and/or intervals and placed in plastic bags and/or with a thin walled ring sample.

Groundwater was generally not encountered in any of the exploratory test pits (TH-#1 through TH-
#7) at the time of excavating to depths of at least 7.0 feet beneath existing surface grades.

LABORATORY TESTING

Pertinent physical and engineering characteristics of the soils encountered during our subsurface
investigation were evaluated by a laboratory testing program to be used as a basis for selection of
soil design parameters and for correlation purposes. Selected tests were conducted on
representative soil samples. The program consisted of tests to evaluate the existing (in-situ)
moisture-density, maximum dry density and optimum moisture content, gradational characteristics,
and Atterberg Limits as well as "R"-value tests.

Dry Density and Moisture Content Determinations

Density and moisture content determinations were performed on both disturbed and relatively
undisturbed samples from the test pit explorations in general conformance with ASTM Vol. 4.08 Part
D-216. The results of these tests were used to calculate existing overburden pressures and to
correlate strength and compressibility characteristics of the soils. Test results are shown on the test
pit logs at the appropriate sample depths.



A-2

Maximum Dry Density

One (1) Maximum Dry Density and Optimum Moisture Content test was performed on a
representative sample of the on-site clayey, sandy silt to silty sand subgrade soils in accordance with
ASTM Vol. 4.08 Part D-1557. This test was conducted to help establish various engineering
properties for use as structural fill. The test results are presented on Figure No. A-8.

Atterberg Limits

One (1) Liquid Limit (LL) and Plastic Limit (PL) test was performed on a representative sample of the
clayey, sandy silt to silty sand subgrade soils in accordance with ASTM Vol. 4.08 Part D-4318-85.
These tests were conducted to facilitate classification of the soils and for correlation purposes. The
test results appear on Figure No. A-9.

Gradation Analysis

One (1) Gradation analyses was performed on a representative sample of the clayey, sandy silt to
silty sand subsurface soils in accordance with ASTM Vol. 4.08 Part D-422. The test results were used
to classify the soil in accordance with the Unified Soil Classification System (USCS). The test results
are shown graphically on Figure No. A-10.

"R"-Value Tests

One (1) "R"-value test was performed on a remolded subgrade soil sample in accordance with ASTM
Vol. 4.08 Part D-2844. The test results were used to help evaluate the subgrade soils supporting and
performance capabilities when subjected to traffic loading. The test results are shown on Figure No.

A-11.

The following figures are attached and complete the Appendix:

Figure No. A-3 Key To Exploratory Test Pit Logs
Figure No's. A-4 through A-7 Log of Test Pits

Figure No. A-8 Maximum Dry Density

Figure No. A-9 Atterberg Limits Test Results
Figure No. A-10 Gradation Test Results

Figure No. A-11 Results of "R"-Value Tests

Figure No. A-12 Field Infiltration Test Results
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. 1001.069.G 5/15/20

PERCENT RETAINED
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Worksheet 3: Time of Concentration (T¢) or travel time (Tt)

Project By Date
Waln Creek Apartments M. Hendrick 3/2021

Location Checked Date
Salem, Oregon

Check one: El Present Developed

Check one: E Te = Tt through subarea

Notes: Space for as many as two segments per flow type can be used for each worksheet.
Include a map, schematic, or description of flow segments.

Segment ID A-B
1. Surface description (Table 4D-4) .........coocveervereeererenen. Meadow/Pasture/Farm
2. Manning’s roughness coefficient, n (Table 4D-4) .......... 0.15
3. Flow length, L (total L 1 300 ft) ....covueveeeeeieeeeeecreneee ft 137
4. Two-year 24-hour rainfall, Py .....ocveeevrereierenrennennns in 2.2
5. Land slope, S ..ccooveeiciiie e ft/ft 0.053
6. Ty=_0.007 (L) 0.8 Compute Tt ......... hr 0.172 | + | =
P, 0.5 504
Segment ID
7. Surface description (paved or unpaved) .....................
8. Flowlength, L ..o ft
Watercourse Slope, S ....cooceeeviriiiei i ft/ft
10. Average velocity, V (figure 3-1) ...ccccoiiiiiiiiiens ft/s
", Tg=_ L Compute Tt ........... hr | + | =| |
3600 V
Segment ID
12. Cross sectional flow area, @ ..........ccoevvveeeeeeeiiennnn. ft2
13. Wetted perimeter, Py «ooooceeeereemee e ft
14. Hydraulic radius, r= e Compute r ...cccveeeeeeeeeeee, ft
15 Channel slope, s ...... pW ........................................... ft/ft
16. Manning’s roughness coefficient, n .........ccccccocceieenie
17. v=_149r28s12 Compute V ................ ft/s
18. Flowfength, Ln .......................................................... ft
19. Tg=_ L Compute Tt .cooceenee. hr + =
20. Waterst?gdogrvsubarea Toor T (add Tyin steps 6, 11, aNd 19) ..o Hr| 0.172

0.17 Hrs = 10 Minutes

(210-VI-TR-55, Second Ed., June 1986) D-3
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Manning’s Roughness Coefficients for Overland Sheet Flow

Surface Types: n

Impervious Areas 0.014
Gravel Pavement 0.02
Developed: Landscape Areas (Except Lawns) 0.08
Undeveloped: Meadow, Pasture, or Farm 0.15
Developed: Lawns 0.24
Pre-developed: Mixed 0.30
Pre-developed: Woodland and Forest 0.40
Development Types: n

Commercial Development 0.015
Industrial Development, Heavy 0.04
Industrial Development, Light 0.05
Dense Residential (over 6 units/acre) 0.08
Normal Residential (3 to 6 units/acre) 0.20
Light Residential (1 to 3 units/acre) 0.30
Parks 0.40

Table 4D-4. Manning’s Roughness Coefficients for Overland Sheet Flow
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Existing Conditions

> /CMH

Developed Conditions Control MH

Reach Routing Diagram for 20210415 Hydrology
Prepared by Multitech Engineering Services, Inc., Printed 4/16/2021

HydroCAD® 10.10-4a s/n 09412 © 2020 HydroCAD Software Solutions LLC




1.10"

Printed 4/16/2021

0.02"

0.00-42.00 hrs, dt=0.02 hrs

55 Worksheet

Type IA 24-hr Half of 2-year Rainfall
87 cf, Depth

Direct Entry, TR-
Hydrograph

1.10"
(cfs)

SCS, Weighted-CN, Time Span

Subcatchment E: Existing Conditions

(ft/sec)

City of Salem Pre-developed, HSG C

Summary for Subcatchment E: Existing Conditions
100.00% Pervious Area

(ft/ft)

0.00 cfs @ 22.69 hrs, Volume
Slope Velocity Capacity Description

CN Description
72

Area (sf)
42,411
42,411

Tc Length
(feet)

(min)
10.0

HydroCAD® 10.10-4a s/n 09412 © 2020 HydroCAD Software Solutions LLC

Prepared by Multitech Engineering Services, Inc.

20210415 Hydrology

Runoff

Runoff by SCS TR-20 method, UH
Type IA 24-hr Half of 2-year Rainfall

*

e Al e B i e e S e e e e Al el Bl
| | | | | | | | | | | | | | | | |
it s St it e e e e e e A e e
| | | | | | | | | | | | | | | | |
LI L L e ) N A E
| | | | | | | | | | | | | | | | |
T O O T A
o - _ 1 _L_ - _1_ L _J__ L _ - _1__L__l__1l__L__1__1__
| | | | | | | | | | | | | | | | |
T e e
| | | | | | | | | | | | | | | | |
e ———————,————_—_—,—,_——_—_——— - E——
| | | | | | | | | | | | | | | | |
F——1——4-—~—r=—=I——f -~ A"~ ft - -A-—F -t -t~
| | | | | | | | | | | | | | | | |
LIS L e e A A I
Lt s A
| | | i | | | | | | | I | | I | |
P _41__L___+t___1__r____1____\__1__L__J__1__
1 | 1 I | | | 1 | | | I | | | 1 1
Ty T
| | | | | | | | | | | | | | | | |
e et Tt e B e et I It A e
| | | | | | | | | | | | | | | | |
F-— 71— —r— I~ T- - T T T T r T T T T T T
| | | | | | | | | | | | | | | | |
it s St it e e e e e e A e e

,Tma\Jle:\
I I I I AN
+\\\\¢\\T\R\4\E

B e e B S e
o) I I I I I I I I

B 1 e e e e

. = =N E<c
- £88s3838
- >80
- Sd<>05
I e~ =g ey v e o SR
+\\”\\J\G,T\O\\@\Oiofﬂlw_,\?\\,ﬁ\\

Time (hours)

I I
9101112131415161718 1920212223 24252627 28293031 32333435 36373839 404142

T
7




1.10"

Printed 4/16/2021

0.35"

0.00-42.00 hrs, dt=0.02 hrs

Type IA 24-hr Half of 2-year Rainfall
1,231 cf, Depth

Direct Entry, Assumed

, HSG C

1.10"
(cfs)

SCS, Weighted-CN, Time Span

8.01 hrs, Volume

(ft/sec)

>75% Grass cover, Good, HSG C

Paved parking & roofs
89 Weighted Average
62.39% Impervious Area

Summary for Subcatchment D: Developed Conditions
37.61% Pervious Area

Slope Velocity Capacity Description

(ft/ft)

74

CN Description
98

0.06 cfs @

Area (sf)
15,952
26,459
42,411
15,952
26,459

Tc Length
(feet)

(min)
5.0

HydroCAD® 10.10-4a s/n 09412 © 2020 HydroCAD Software Solutions LLC

Prepared by Multitech Engineering Services, Inc.

20210415 Hydrology

Runoff

Runoff by SCS TR-20 method, UH
Type IA 24-hr Half of 2-year Rainfall
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20210415 Hydrology Type IA 24-hr Half of 2-year Rainfall=1.10"

Prepared by Multitech Engineering Services, Inc. Printed 4/16/2021
HydroCAD® 10.10-4a s/n 09412 © 2020 HydroCAD Software Solutions LLC

Summary for Pond CMH: Control MH

Inflow Area = 42,411 sf, 62.39% Impervious, Inflow Depth = 0.35" for Half of 2-year event
Inflow = 0.06 cfs@ 8.01 hrs, Volume= 1,231 cf
Outflow = 0.00 cfs @ 24.08 hrs, Volume= 462 cf, Atten=92%, Lag= 964.4 min
Primary = 0.00 cfs @ 24.08 hrs, Volume= 462 cf

Routing by Stor-Ind method, Time Span= 0.00-42.00 hrs, dt= 0.02 hrs
Peak Elev=396.09' @ 24.08 hrs Surf.Area= 1,509 sf Storage= 1,052 cf

Plug-Flow detention time= 1,073.8 min calculated for 462 cf (38% of inflow)
Center-of-Mass det. time= 762.3 min ( 1,628.0 - 865.8)

Volume Invert Avail.Storage Storage Description
#1A 395.00 1,638 cf 20.53'W x 73.48'L x 4.03'H Field A
6,073 cf Overall - 1,979 cf Embedded = 4,094 cf x 40.0% Voids
#2A 395.50' 1,896 cf Contech ChamberMaxx 2016 x 40 Inside #1

Inside= 49.6"W x 25.2"H => 6.63 sf x 7.12'L = 47.2 cf
Outside= 49.6"W x 30.0"H => 6.92 sf x 7.12'L = 49.3 cf
Row Length Adjustment= +0.32"' x 6.63 sf x 4 rows

3,534 cf Total Available Storage

Storage Group A created with Chamber Wizard

Device Routing Invert Outlet Devices

#1  Primary 395.50" 12.0" Round Culvert
L=15.0' RCP, rounded edge headwall, Ke=0.100
Inlet / Outlet Invert= 395.50' / 395.40" S=0.0067 '/* Cc=0.900
n= 0.013 Corrugated PE, smooth interior, Flow Area= 0.79 sf

#2  Device 1 395.50" 0.5" Vert. Orifice#1 C=0.600 Limited to weir flow at low heads
#3  Device 1 396.25' 2.5" Vert. Orifice#2 C=0.600 Limited to weir flow at low heads
#4  Device 1 398.50" 12.0" Horiz. Overflow C=0.600 Limited to weir flow at low heads

Primary OutFlow Max=0.00 cfs @ 24.08 hrs HW=396.09' (Free Discharge)
1=Culvert (Passes 0.00 cfs of 1.05 cfs potential flow)
2=0Orifice #1 (Orifice Controls 0.00 cfs @ 3.64 fps)
3=0rifice #2 ( Controls 0.00 cfs)
4=0Qverflow ( Controls 0.00 cfs)



1.10"

Printed 4/16/2021

Type IA 24-hr Half of 2-year Rainfall

Hydrograph

Pond CMH: Control MH

HydroCAD® 10.10-4a s/n 09412 © 2020 HydroCAD Software Solutions LLC

Prepared by Multitech Engineering Services, Inc.

20210415 Hydrology
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3.20"

Printed 4/16/2021

0.93"

Type IA 24-hr 10-year Rainfall
0.00-42.00 hrs, dt=0.02 hrs

3,286 cf, Depth

Direct Entry, TR-55 Worksheet

(cfs)

SCS, Weighted-CN, Time Span

8.05 hrs, Volume

3.20"

(ft/sec)

City of Salem Pre-developed, HSG C

Summary for Subcatchment E: Existing Conditions
100.00% Pervious Area

Slope Velocity Capacity Description

(ft/ft)

CN Description
72

0.16 cfs @

Area (sf)
42,411
42,411

Tc Length
(feet)

(min)
10.0

Prepared by Multitech Engineering Services, Inc.
HydroCAD® 10.10-4a s/n 09412 © 2020 HydroCAD Software Solutions LLC

20210415 Hydrology

Runoff

Runoff by SCS TR-20 method, UH
Type IA 24-hr 10-year Rainfall
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=3.20"

Type IA 24-hr 10-year Rainfall

20210415 Hydrology

Printed 4/16/2021

Summary for Subcatchment D: Developed Conditions

HydroCAD® 10.10-4a s/n 09412 © 2020 HydroCAD Software Solutions LLC

Prepared by Multitech Engineering Services, Inc.

2.08"

7,357 cf, Depth

0.52cfs@ 7.92 hrs, Volume=

Runoff

SCS, Weighted-CN, Time Span= 0.00-42.00 hrs, dt= 0.02 hrs

3.20"

Runoff by SCS TR-20 method, UH
Type IA 24-hr 10-year Rainfall

CN Description
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89 Weighted Average
37.61% Pervious Area
62.39% Impervious Area

42,411
15,952
26,459

(cfs)

(ft/sec)

Slope Velocity Capacity Description

(ft/ft)

(feet)

Tc Length

(min)

Direct Entry, Assumed

5.0

Subcatchment D: Developed Conditions
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20210415 Hydrology Type IA 24-hr 10-year Rainfall=3.20"

Prepared by Multitech Engineering Services, Inc. Printed 4/16/2021
HydroCAD® 10.10-4a s/n 09412 © 2020 HydroCAD Software Solutions LLC

Summary for Pond CMH: Control MH

Inflow Area = 42,411 sf, 62.39% Impervious, Inflow Depth = 2.08" for 10-year event
Inflow = 0.52cfs@ 7.92 hrs, Volume= 7,357 cf

Outflow = 0.14cfs@ 9.43 hrs, Volume= 6,366 cf, Atten=73%, Lag=90.7 min
Primary = 0.14cfs@ 9.43 hrs, Volume= 6,366 cf

Routing by Stor-Ind method, Time Span= 0.00-42.00 hrs, dt= 0.02 hrs
Peak Elev=397.02' @ 9.43 hrs Surf.Area= 1,509 sf Storage= 2,135 cf

Plug-Flow detention time= 293.6 min calculated for 6,366 cf (87% of inflow)
Center-of-Mass det. time= 207.6 min ( 962.1 - 754.5)

Volume Invert Avail.Storage Storage Description
#1A 395.00 1,638 cf 20.53'W x 73.48'L x 4.03'H Field A
6,073 cf Overall - 1,979 cf Embedded = 4,094 cf x 40.0% Voids
#2A 395.50' 1,896 cf Contech ChamberMaxx 2016 x 40 Inside #1

Inside= 49.6"W x 25.2"H => 6.63 sf x 7.12'L = 47.2 cf
Outside= 49.6"W x 30.0"H => 6.92 sf x 7.12'L = 49.3 cf
Row Length Adjustment= +0.32"' x 6.63 sf x 4 rows

3,534 cf Total Available Storage

Storage Group A created with Chamber Wizard

Device Routing Invert Outlet Devices

#1  Primary 395.50" 12.0" Round Culvert
L=15.0' RCP, rounded edge headwall, Ke=0.100
Inlet / Outlet Invert= 395.50' / 395.40" S=0.0067 '/* Cc=0.900
n= 0.013 Corrugated PE, smooth interior, Flow Area= 0.79 sf

#2  Device 1 395.50" 0.5" Vert. Orifice#1 C=0.600 Limited to weir flow at low heads
#3  Device 1 396.25' 2.5" Vert. Orifice#2 C=0.600 Limited to weir flow at low heads
#4  Device 1 398.50" 12.0" Horiz. Overflow C=0.600 Limited to weir flow at low heads

Primary OutFlow Max=0.14 cfs @ 9.43 hrs HW=397.02' (Free Discharge)
1=Culvert (Passes 0.14 cfs of 3.97 cfs potential flow)
2=0Orifice #1 (Orifice Controls 0.01 cfs @ 5.90 fps)
3=0Orifice #2 (Orifice Controls 0.13 cfs @ 3.94 fps)
4=0Qverflow ( Controls 0.00 cfs)
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=3.60"

Printed 4/16/2021

1.19"

Type IA 24-hr 25-year Rainfall
0.00-42.00 hrs, dt=0.02 hrs

4,195 cf, Depth

Direct Entry, TR-55 Worksheet

(cfs)

SCS, Weighted-CN, Time Span

8.05 hrs, Volume

3.60"

(ft/sec)

City of Salem Pre-developed, HSG C

Summary for Subcatchment E: Existing Conditions
100.00% Pervious Area

(ft/ft)

Slope Velocity Capacity Description

0.22cfs @
CN Description

72

Area (sf)
42,411
42,411

Tc Length
(feet)

(min)
10.0
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Runoff

Runoff by SCS TR-20 method, UH
Type IA 24-hr 25-year Rainfall
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2.45"

8,658 cf, Depth

0.62cfs@ 7.91 hrs, Volume=

Runoff

SCS, Weighted-CN, Time Span= 0.00-42.00 hrs, dt= 0.02 hrs

3.60"

Runoff by SCS TR-20 method, UH
Type IA 24-hr 25-year Rainfall

CN Description
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37.61% Pervious Area
62.39% Impervious Area

89 Weighted Average

42,411
15,952
26,459
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Slope Velocity Capacity Description
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Tc Length

(min)

Direct Entry, Assumed

5.0
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20210415 Hydrology Type IA 24-hr 25-year Rainfall=3.60"

Prepared by Multitech Engineering Services, Inc. Printed 4/16/2021
HydroCAD® 10.10-4a s/n 09412 © 2020 HydroCAD Software Solutions LLC

Summary for Pond CMH: Control MH

Inflow Area = 42,411 sf, 62.39% Impervious, Inflow Depth = 2.45" for 25-year event
Inflow = 0.62cfs@ 7.91 hrs, Volume= 8,658 cf

Outflow = 0.18cfs@ 9.29 hrs, Volume= 7,663 cf, Atten=72%, Lag=82.8 min
Primary = 0.18cfs@ 9.29 hrs, Volume= 7,663 cf

Routing by Stor-Ind method, Time Span= 0.00-42.00 hrs, dt= 0.02 hrs
Peak Elev=397.38' @ 9.29 hrs Surf.Area= 1,509 sf Storage= 2,501 cf

Plug-Flow detention time= 273.3 min calculated for 7,660 cf (88% of inflow)
Center-of-Mass det. time=199.0 min (944.5 - 745.6)

Volume Invert Avail.Storage Storage Description
#1A 395.00 1,638 cf 20.53'W x 73.48'L x 4.03'H Field A
6,073 cf Overall - 1,979 cf Embedded = 4,094 cf x 40.0% Voids
#2A 395.50' 1,896 cf Contech ChamberMaxx 2016 x 40 Inside #1

Inside= 49.6"W x 25.2"H => 6.63 sf x 7.12'L = 47.2 cf
Outside= 49.6"W x 30.0"H => 6.92 sf x 7.12'L = 49.3 cf
Row Length Adjustment= +0.32"' x 6.63 sf x 4 rows

3,534 cf Total Available Storage

Storage Group A created with Chamber Wizard

Device Routing Invert Outlet Devices

#1  Primary 395.50" 12.0" Round Culvert
L=15.0' RCP, rounded edge headwall, Ke=0.100
Inlet / Outlet Invert= 395.50' / 395.40" S=0.0067 '/* Cc=0.900
n= 0.013 Corrugated PE, smooth interior, Flow Area= 0.79 sf

#2  Device 1 395.50" 0.5" Vert. Orifice#1 C=0.600 Limited to weir flow at low heads
#3  Device 1 396.25' 2.5" Vert. Orifice#2 C=0.600 Limited to weir flow at low heads
#4  Device 1 398.50" 12.0" Horiz. Overflow C=0.600 Limited to weir flow at low heads

Primary OutFlow Max=0.18 cfs @ 9.29 hrs HW=397.38' (Free Discharge)
1=Culvert (Passes 0.18 cfs of 4.98 cfs potential flow)
2=0Orifice #1 (Orifice Controls 0.01 cfs @ 6.56 fps)
3=COrifice #2 (Orifice Controls 0.17 cfs @ 4.88 fps)
4=0Qverflow ( Controls 0.00 cfs)
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Summary for Subcatchment E: Existing Conditions

1.75"

8.04 hrs, Volume= 6,174 cf, Depth

0.36 cfs @

Runoff

0.00-42.00 hrs, dt=0.02 hrs

SCS, Weighted-CN, Time Span

4.40"

Runoff by SCS TR-20 method, UH
Type IA 24-hr 100-year Rainfall

CN Description

Area (sf)

42,411 72 City of Salem Pre-developed, HSG C
100.00% Pervious Area

42,411

*

Slope Velocity Capacity Description

(ft/ft)

Tc Length

(min)

(cfs)

(ft/sec)

(feet)

55 Worksheet

TR-

Direct Entry

10.0

Subcatchment E: Existing Conditions
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= 11,311 cf, Depth

7.90 hrs, Volume

0.8l cfs @

Runoff

0.00-42.00 hrs, dt=0.02 hrs

SCS, Weighted-CN, Time Span=

Runoff by SCS TR-20 method, UH
Type IA 24-hr 100-year Rainfall

4.40"
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26,459

62.39% Impervious Area

Slope Velocity Capacity Description

Tc Length
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Direct Entry, Assumed

5.0
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20210415 Hydrology Type IA 24-hr 100-year Rainfall=4.40"

Prepared by Multitech Engineering Services, Inc. Printed 4/16/2021
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Summary for Pond CMH: Control MH

Inflow Area = 42,411 sf, 62.39% Impervious, Inflow Depth = 3.20" for 100-year event
Inflow = 0.8lcfs@ 7.90 hrs, Volume= 11,311 cf

Outflow = 0.25cfs@ 9.09 hrs, Volume= 10,308 cf, Atten=69%, Lag= 71.3 min
Primary = 0.25cfs@ 9.09 hrs, Volume= 10,308 cf

Routing by Stor-Ind method, Time Span= 0.00-42.00 hrs, dt= 0.02 hrs
Peak Elev=398.47' @ 9.09 hrs Surf.Area= 1,509 sf Storage= 3,200 cf

Plug-Flow detention time= 248.6 min calculated for 10,308 cf (91% of inflow)
Center-of-Mass det. time= 189.1 min ( 920.6 - 731.6)

Volume Invert Avail.Storage Storage Description
#1A 395.00 1,638 cf 20.53'W x 73.48'L x 4.03'H Field A
6,073 cf Overall - 1,979 cf Embedded = 4,094 cf x 40.0% Voids
#2A 395.50' 1,896 cf Contech ChamberMaxx 2016 x 40 Inside #1

Inside= 49.6"W x 25.2"H => 6.63 sf x 7.12'L = 47.2 cf
Outside= 49.6"W x 30.0"H => 6.92 sf x 7.12'L = 49.3 cf
Row Length Adjustment= +0.32"' x 6.63 sf x 4 rows

3,534 cf Total Available Storage

Storage Group A created with Chamber Wizard

Device Routing Invert Outlet Devices

#1  Primary 395.50" 12.0" Round Culvert
L=15.0' RCP, rounded edge headwall, Ke=0.100
Inlet / Outlet Invert= 395.50' / 395.40" S=0.0067 '/* Cc=0.900
n= 0.013 Corrugated PE, smooth interior, Flow Area= 0.79 sf

#2  Device 1 395.50" 0.5" Vert. Orifice#1 C=0.600 Limited to weir flow at low heads
#3  Device 1 396.25' 2.5" Vert. Orifice#2 C=0.600 Limited to weir flow at low heads
#4  Device 1 398.50" 12.0" Horiz. Overflow C=0.600 Limited to weir flow at low heads

Primary OutFlow Max=0.25 cfs @ 9.09 hrs HW=398.47" (Free Discharge)
1=Culvert (Passes 0.25 cfs of 7.24 cfs potential flow)
2=0Orifice #1 (Orifice Controls 0.01 cfs @ 8.27 fps)
3=COrifice #2 (Orifice Controls 0.24 cfs @ 7.01 fps)
4=0Qverflow ( Controls 0.00 cfs)
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Hydrograph
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SCOUR PROTECTION NETTING OPTIONAL INSPECTION PORTS
(90" WIDE TYP.) (NOT BY CONTECH)
ASSEMBLY
SCALE: 1'=10'
CHAMBER VOLUME: 1896 CF
STONE VOLUME: 1390 CF
TOTAL VOLUME: 3286 CF
LOADING: H20/H25
NGTMEE';\:'ER ITEM DESCRIPTION ?\IEUSMPB'TE'ET QTY UNITS NLIJTMEEI;\:IER ITEM DESCRIPTION %EUSMZAEFI;T QTY UNITS
1 CHAMBERMAXX START CHAMBER APCM 003.3051.001 4 EA 6 @12" HDPE TEE APCM 001.0012.009 1 EA
2 CHAMBERMAXX MIDDLE CHAMBER APCM 003.3051.002 32 EA 7 @12" 90 DEGREE HDPE ELBOW APCM 001.0012.010 2 EA
3 CHAMBERMAXX END CHAMBER APCM 003.3051.003 4 EA 8 @12" HDPE CROSS N/A 1 EA
4 CONTECH C-40 NON-WOVEN GEOTEXTILE 15 FT X 360 FT APCM 001.0015.002 1 ROLL 9 @12" HDPE SPLIT COUPLER PEF12SPCP 3 EA
5 SCOUR PROTECTION NETTING, 7.5 FT WIDE APCM 007.0075.001 1@20.5 QTY @ LF 10 INSTALLATION GUIDE N/A 1 EA
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PAVEMENT

CONTECH C-40 OR
C-45 NON-WOVEN
GEOTEXTILE 4

SUITABILITY OF SUBGRADE
TO BE VERIFIED BY
ENGINEER OF RECORD

OPTIONAL NON-WOVEN
GEOTEXTILE TO PREVENT
SOIL MIGRATION BELOW SYSTEM

SCOUR PROTECTION NETTING
(TYP OF ALL INLET PIPES)

Key ()
1. FLEXIBLE PAVEMENT.
2. GRANULAR ROAD BASE.

4" SCHEDULE 40 PVC RISER
WITH RING AND COVER
(NOT BY CONTECH)

CONCRETE COLLAR

18" MIN.

96" MAX.

A

/ (NOT BY CONTECH)

3. ANY SUITABLE NATIVE OR GENERAL BACKFILL, SEE ENGINEER PLANS.

4. THE BACKFILL MATERIAL SHALL BE FREE-DRAINING ANGULAR WASHED STONE 3/4" - 2" PARTICLE SIZE. MATERIAL SHALL BE PLACED IN 8"-10" MAXIMUM LIFTS. MATERIAL SHALL BE
WORKED INTO THE CHAMBER SPACING BY MEANS OF SHOVEL-SLICING, RODDING, AIR-TAMPER, VIBRATORY ROD, OR OTHER EFFECTIVE METHODS. COMPACTION IS CONSIDERED
ADEQUATE WHEN NO FURTHER YIELDING OF THE MATERIAL IS OBSERVED UNDER THE COMPACTOR, OR UNDER FOOT, AND THE PROJECT ENGINEER OR THEIR REPRESENTATIVE IS
SATISFIED WITH THE LEVEL OF COMPACTION. INADEQUATE COMPACTION CAN LEAD TO EXCESSIVE DEFLECTIONS WITHIN THE SYSTEM AND SETTLEMENT OF THE SOILS OVER THE
SYSTEM. BACKFILL SHALL BE PLACED SUCH THAT THERE IS NO MORE THAN A TWO-LIFT DIFFERENTIAL BETWEEN THE SIDES OF ANY CHAMBER IN THE SYSTEM AT ALL TIMES
DURING THE BACKFILL PROCESS. BACKFILL SHALL BE ADVANCED ALONG THE LENGTH OF THE SYSTEM AT THE SAME RATE TO AVOID DIFFERENTIAL LOADING ON ANY PIPES IN THE

SYSTEM.

NOT TO SCALE

o Z
— =
‘ TOP/ STONE = 3.00 (REF)
S0 e ‘ TOP/ CHAMBER = 2.50 (REF)
. Z s
e S ©°3 3
S0t . * ' BOT/ CHAMBER = -0.00 (REF)
f BOT/ STONE = -0.50 (REF)
SPACING = 7 — e
(TYP) (TYP) (TYP) (TYP)
TYPICAL SECTION DETAIL

EQUIPMENT USED TO PLACE AND COMPACT THE BACKFILL SHALL BE OF A SIZE AND TYPE SO AS NOT TO DISTORT, DAMAGE, OR DISPLACE THE CHAMBERS. ATTENTION MUST BE
GIVEN TO PROVIDING ADEQUATE MINIMUM COVER FOR SUCH EQUIPMENT, AND MAINTAIN BALANCED LOADING ON ALL CHAMBERS IN THE SYSTEM, DURING ALL SUCH OPERATIONS.

OTHER ALTERNATE BACKFILL MATERIAL MAY BE ALLOWED DEPENDING ON SITE SPECIFIC CONDITIONS. CONTACT YOUR LOCAL CONTECH REPRESENTATIVE FOR DETAILS.

TAVAVAVAVAL L IRVAVAVAVEY
96.2" 85.4" 88.5"
LAY LENGTH ———=f=—— LAY LENGTH ———={=—— LAY LENGTH

(START) (MID) (END)

TYPICAL ELEVATION VIEW
NOT TO SCALE

The design and information shown on this drawing is provided|
as a service to the project owner, engineer and contractor by|

Contech Engineered Solutions LLC ("Contech”). Neither thi
drawing, nor any part thereof, may be used, reproduced or|
modified in any manner without the prior written consent of]

Contech. Failure to comply is done at the user's own risk and|
Contech expressly disclaims any liability or responsibility for]
such use.

If discrepancies between the supplied information upon which

the drawing is based and actual field conditions are
as site work progresses, these discrepancies must be reported
to Contech immediately for re-evaluation of the design. Contech

CNTECH

ENGINEERED SOLUTIONS LLC

www.ContechES.com

11815 NE Glenn Widing Drive, Portland, OR 97220

accepts no liability for designs based on missing, incomplete or|
inaccurate information NOT BY CONTECH.
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RING AND COVER DETAIL

CAST IRON RING AND
COVER. SEE DETAIL
(NOT BY CONTECH)

4"@ SCHEDULE 40
PVC RISER
(NOT BY CONTECH)

INSPECTION PORT DETAIL

NOT TO SCALE
NOT TO SCALE
PLAN PLAN PLAN
HDPE SPLIT COUPLER:
TO BE SECURED
ELEVATION ELEVATION ELEVATION W PROVIDED)
TEE ELBOW CROSS-OVER _
I
I
I
SiSlsi s
i
I
JA
STANDARD MANIFOLD COMPONENTS - NOT TO SCALE HDPE PIPE HDPE PIPE
AVAILABLE DIAMETERS - INCHES
HDPE SPLIT COUPLER DETAIL
TEE 12 15 18 24
ELBOW 12 15 18 24
DIM A 42 42 48 48
HDPE SPLIT COUPLERS
GENERAL NOTES: PART
1. FITTING MATERIAL TO BE MANUFACTURED FROM CORRUGATED COUPLER SIZE NUMBER
HIGH DENSITY POLYETHYLENE, AASHTO M294 PIPE.
2. FITTINGS TO BE FABRICATED IN ACCORDANCE WITH THE 12'@ SPLIT COUPLER PEF12SPCP
REQUIREMENT OF AASHTO M294. -
3. FITTINGS DESIGNED TO PROTRUDE 6" INTO THE END OF THE INLET 15"0 SPLIT COUPLER PEF15SPCP
CHAMBERS. 18" SPLIT COUPLER PEF18SPCP
4. MANIFOLD TEE AND ELBOW JOINT TO BE CONNECTED UTILIZING
HDPE SPLIT COUPLERS. 24"@ SPLIT COUPLER PEF24SPCP
TYPICAL MANIFOLD DETAILS
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CHAMBERMAXX DESIGN DETAILS
FEATURE START MIDDLE END
CHAMBER | CHAMBER | CHAMBER

OVERALL CHAMBER HEIGHT - IN 303 30.3 303
OVERALL CHAMBER WIDTH - IN 514 514 514
ACTUAL LENGTH - IN 98.4 910 920
INSTALLED LAY LENGTHS - IN 96.2 85.4 88.5
CHAMBER STORAGE VOLUME - CF 50.2 472 462
CHAMBER STORAGE PER LINEAR FOOT - CF/LF 6.3 6.6 6.3
“MIN. INSTALLED CHAMBER VOLUME - CF 78.1 75.1 74.1
“MIN. INSTALLED CHAMBER VOLUME PER LINEAR FOOT - CF/LF 9.7 10.6 10.0
CHAMBER WEIGHT - LB 83 73 76
*6" OF STONE ABOVE AND BELOW CHAMBER, 5.6" CHAMBER SPACING AND 40% POROSITY

oUW

© ~

GENERAL NOTES

. ALL ELEVATIONS, DIMENSIONS AND LOCATIONS OF RISERS AND INLETS SHALL BE VERIFIED BY THE ENGINEER OF

RECORD.

. PRIOR TO INSTALLATION OF THE CHAMBERMAXX SYSTEM A PRE-CONSTRUCTION MEETING SHALL BE CONDUCTED.

THOSE REQUIRED TO ATTEND ARE THE SUPPLIER OF THE SYSTEM, THE GENERAL CONTRACTOR,
SUB-CONTRACTORS AND THE ENGINEER.

. CHAMBERMAXX CHAMBERS ARE MANUFACTURED FROM POLYPROPYLENE PLASTIC.

. CHAMBERMAXX SYSTEM TO MEET AASHTO HS20/HS25 LIVE LOADING, PER AASHTO LRFD SECTION 12.

. ACCESS COVERS TO MEET AASHTO HS20/HS25 LIVE LOADING.

. MINIMUM COVER IS 18-INCHES TO BOTTOM OF FLEXIBLE PAVEMENT OR TO TOP OF RIGID PAVEMENT. FOR COVER

HEIGHTS GREATER THAN 96-INCHES CONTACT YOUR LOCAL REPRESENTATIVE.

. ALL PARTS PROVIDED BY CONTECH UNLESS OTHERWISE NOTED.
. FOR INFORMATION ON PRE-TREATMENT SYSTEMS, REFERENCE CONTECH PRE-TREATMENT SYSTEM STANDARD

DETAILS OR CONTACT YOUR LOCAL REPRESENTATIVE.

. CHAMBERMAXX BY CONTECH ENGINEERED SOLUTIONS (800) 925-5240

INSTALLATION NOTES

N

o

CHAMBERMAXX INSTALLATION GUIDE TO BE REVIEWED BY CONTRACTOR PRIOR TO INSTALLATION.

. PRIOR TO PLACING BEDDING, THE FOUNDATION MUST BE CONSTRUCTED TO A UNIFORM AND STABLE GRADE. IN THE

EVENT THAT UNSUITABLE FOUNDATION MATERIALS ARE ENCOUNTERED DURING EXCAVATION, UNSUITABLE MATERIAL
SHALL BE REMOVED AND BROUGHT BACK TO GRADE WITH FILL MATERIAL AS APPROVED BY THE ENGINEER OF
RECORD. ONCE THE FOUNDATION PREPARATION IS COMPLETE, THE BEDDING MATERIAL CAN BE PLACED.

. THE SCOUR PROTECTION NETTING TO EXTEND 1'-0" BEYOND OUTSIDE EDGE OF INLET CHAMBERS.
. COVER ANY OPEN VOID SPACES GREATER THAN 3/4" ON CHAMBERS WITH A NON-WOVEN GEOTEXTILE TO PREVENT

INFILTRATION OF BACKFILL MATERIAL.

. STONE EMBEDMENT MATERIAL SHALL BE INSTALLED TO 95% STANDARD PROCTOR DENSITY AND PLACED IN 6-INCH TO

8-INCH LIFTS SUCH THAT THERE IS NO MORE THAN A TWO LIFT DIFFERENTIAL BETWEEN ANY OF THE CHAMBERS AT
ANY TIME. GRANULAR BACKFILL MATERIAL SHALL BE COMPACTED TO 90% SPD. BACKFILLING SHALL BE ADVANCED
ALONG THE LENGTH OF THE CHAMBER ROWS AT THE SAME RATE TO AVOID DIFFERENTIAL LOADING AND
DISPLACEMENT OF THE CHAMBERS. THE MINIMUM CHAMBER SPACING MUST BE MAINTAINED.

. REFER TO CHAMBERMAXX INSTALLATION GUIDE FOR TEMPORARY CONSTRUCTION LOADING GUIDELINES.
. IT IS ALWAYS THE CONTRACTOR'S RESPONSIBILITY TO FOLLOW OSHA GUIDELINES FOR SAFE PRACTICES.
. GENERAL INSTALLATION METHODS AND MATERIALS TO BE IN ACCORDANCE WITH ASTM D2321.

The design and information shown on this drawing is provided|
as a service to the project owner, engineer and contractor by|

Contech Engineered Solutions LLC ("Contech”). Neither thi
drawing, nor any part thereof, may be used, reproduced or|
modified in any manner without the prior written consent of]

Contech. Failure to comply is done at the user's own risk and|
Contech expressly disclaims any liability or responsibility for]
such use.

If discrepancies between the supplied information upon which

the drawing is based and actual field conditions are
as site work progresses, these discrepancies must be reported
to Contech immediately for re-evaluation of the design. Contech

“NTECH

ENGINEERED SOLUTIONS LLC

www.ContechES.com

11815 NE Glenn Widing Drive, Portland, OR 97220

accepts no liability for designs based on missing, incomplete or|

inaccurate information NOT BY CONTECH.
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20210415 Hydrology

Summary for Subcatchment D: Developed Conditions
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37.61% Pervious Area
62.39% Impervious Area

89 Weighted Average

42,411
15,952
26,459

Slope Velocity Capacity Description

Tc Length

(min)
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Direct Entry, Assumed

5.0

Subcatchment D: Developed Conditions

Hydrograph
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Division 004—Stormwater System

Top Div 4

Simplified Approach for Stormwater Management

The City has produced this form to assist with a quick and simple approach to manage stormwater on-site.
Facilities sized with this form are presumed to comply with basic treatment and flow control requirements.

INSTRUCTIONS

SITE INFORMATION

1. Enter Square footage of new and/or replaced
impervious site area.

(1) Total Impervious Area

2,500 sf

2. Enter amount of area reduction. This includes
pervious pavement, green roofs, and areas with
rainwater harvesting.

(2) Total Impervious Area Reduction III sf

3. Subtract (2) from (1) to calculate total
impervious area requiring stormwater facilities

3)=(1)-(2)

2,500 | sf

(3) Required Mitigation Area

4. Select desired stormwater facilities from rows
(b) through (f) in Column 1, below. Enter the
square footage of impervious area that will flow
into each facility type in Column 2.

5. Multiply each impervious area from Column 2 by
the corresponding sizing factor in Column 3, and
enter the result in Column 4. This is the facility
surface area required.

6. Total Column 2 (Rows b - f) and enter the

resulting "Impervious Area Managed" on line (6).

(6) Total Impervious Area Managed 2,500 sf

7. Subtract (6) from (3) and enter the result on line
(7). This must be zero or less. Submit this form
with the application for permit. (7) = (3) - (6)

[0 s

(7) Remaining Area

Column1 Column 2 Column 3 Column 4
Stormwater Management Impervious Area Infiltration Sizing Facility Surface Area
Facility Managed Rate Factor

b. Infiltration Planter sf 0.5-0.75 0.11 = sf
0.75-1.25 0.09 = sf

1.25-1.75 0.07 = sf

>1.75 0.06 = sf

c. Filtration Planter sf 0.06 = sf
d. Infiltration Rain Garden sf 0.5-0.75 0.11 = sf
0.75-1.25 0.09 = sf

1.25-1.75 0.07 = sf

>1.75 0.06 = sf

e. Filtration Rain Garden 2,500 sf 0.06 = 150 sf
f. Vegetated Filter Strip sf 0.20 = sf

Figure 4-1. Simplified Method Sizing Tool

109-004 (January 2014)

004-12

City of Salem Administrative Rules
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OVERFLOW y
ELEVATION
VARIABLE 3:1 MAX
(NOTE 2) SIDE SLOPES
(TYP)

2" MIN. —L

VARIABLE

- 9 FT MIN -
2 FT. MIN.

FLAT BOTTOM .

FOR PARKING LOTS, TIRE
STOPS OR CURBS

WITH CUTS 12" X 127
CLEAR FLOW AREA AT
CUTOUTS

D

00

iV

X

(NOTE 6)

i

WATERPROOF LINER
(NOTE 10)

SEPARATION LAYER

OVERFLOW PIPING
CONFIGURATION
(NOTE 5)

NOTES:

1. PROVIDE PROTECTION FROM ALL VEHICLE TRAFFIC, EQUIPMENT
STAGING, AND FOOT TRAFFIC IN PROPOSED INFILTRATION AREAS
PRIOR TO, DURING, AND AFTER CONSTRUCTION.

2. DIMENSIONS:
A. WIDTH: 9 FT. MINIMUM.
B. DEPTH OF RAIN GARDEN (MEASURED FROM TOP OF
GROWING MEDIUM TO OVERFLOW ELEVATION):
1)SIMPLIFIED 12"
2)ENGINEERED 6"—18"
C. SLOPE OF PLANTER: 0.5% OR LESS

3. SETBACKS (FROM NEAREST POINT AT FINISHED GRADE):
A. INFILTRATION—10 FT. FROM FOUNDATIONS
B. FILTRATION MUST BE LINED, NO SETBACK
REQUIREMENT FROM FOUNDATIONS
C. SETBACKS FROM PROPERTY LINES VARY DEPENDING
ON SITE CONDITIONS (SEE DESIGN STANDARDS)

4. OVERFLOW:
A. INLET ELEVATION MUST ALLOW FOR 2" OF
FREEBOARD, MINIMUM
B. PROTECT FROM DEBRIS AND SEDIMENT
WITH STRAINER OR GRATE

5. PIPING:
SEE STANDARD PLAN 221

6. DRAIN ROCK:

A. 1 %"-3/4" WASHED AGGREGATE WITH 40% VOIDS
B. DEPTH:

SIMPLIFIED— 18" (IF < 1.75 “/hr INFILTRATION RATE)
12" (IF > 1.75 "/hr INFILTRATION RATE)
ENGINEERED— 0"-48"

(NOTE 7)

7. SEPARATION BETWEEN DRAIN ROCK AND GROWING MEDIUM
SHALL BE A 3" LAYER OF %"-%" OPEN GRADED AGGREGATE.

8. GROWING MEDIUM:
A. DEPTH: 18"
B. SEE DESIGN STANDARDS FOR REQUIREMENTS

9. VEGETATION: FOLLOW LANDSCAPE PLANS OR REFER TO
PLANTING REQUIREMENTS IN DESIGN STANDARDS.

10. FOR FILTRATION RAIN GARDEN INSTALL 30 mil. PVC, HDPE
OR EQUIVALENT WATERPROOF LINER(SEE STANDARD PLAN #221).

11. INSTALL RIVER ROCK SPLASH PAD TO TRANSITION FROM
INLETS TO GROWING MEDIUM.

CITY OF SALEM
DEPARTMENT OF PUBLIC WORKS

STANDARD PLAN
RAIN GARDEN

4 /01/14

DRAWN BY KAK [12/2013

APPROVED J Aﬂ?’?{@@’ ?7
CITY ENGINEER

DATE

NO. 217

CHECKED BY | KR [12/2013
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