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»
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Mark Wharry, PE
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I. Project Overview and Description

The Sunset Primary School project is located at 2531 Oxford St. West Linn, Oregon. Currently, the site is
occupied by the existing Sunset Primary school, baseball field, playground equipment, and wooded area.
The proposed project site is bordered to the south by Oxford and Bittner Streets. On the west, north and
east sides of the site, the adjacent properties are composed of developed residential parcels. Currently,
stormwater runoff from the project site is served by catch basins and surface runoff to the public storm
system on Exeter Street and Oxford Street with no water quality or flow control.

The proposed project is the entire replacement of the Sunset Primary school building, asphalt parking lots,
sidewalks, landscape, plays areas, and sports fields. All of this redevelopment will require stormwater
treatment and detention. The proposed development will be served by an adequately sized stormwater
facility in order to meet City of West Linn Design Standards Section 2 Storm Drain requirements. In addition
to the on-site improvements, the City of West Linn requires public utility and street improvements.

For the purposes of additional clarification, four figures have been prepared to graphically illustrate how
stormwater drains from the Sunset Primary School site. The Sunset site is fundamentally divided into two
drainage basins. The sections below demonstrate how stormwater currently drains and how the revised
basins would drain stormwater with the proposed new development. These pre-development and post-
development configurations are described below.

Existing Site Drainage Basins

Drainage Basin 1, shown in Figure 1 below, is comprised of the west side of the site and consists of the
existing school building and surrounding paved area. This basin is approximately 2.4 acres, is largely
impervious and currently includes no storm treatment or detention facilities.
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TOTAL AREA = 3.88 ACRES
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Figure 1: Existing Site Drainage Basins and Discharge
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Figure 2: Sunset area offsite public storm drains
New Site Drainage Basins
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new proposed school
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Drainage Basin 1 to the east,
which is largely composed of
the new impervious paving
and roof areas. The overall
area of Drainage Basin 1 is
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Figure 3: Sunset School new site drainage basins and discharge
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Note that with the reconfigured school layout, the proposed play field has been relocated to the west side
of the site. The field is relatively flat and will be natural grass turf surface.

With the expansion of Drainage Area 1 to the east, the remaining Drainage Area 2 has been reduced from
3.88 acres to 1.28 acres. This reconfiguration of the site drainage basins will have the following impacts:

A stormwater treatment and detention facility will be utilized for collection and treatment of
stormwater from the enlarged Drainage Basin 1.

A new public storm sewer will be constructed in Bittner Street to convey the Sunset stormwater
discharge from the treatment and detention facility to Long Street to tie into the same discharge
location as the existing Sunset school site (shown in Appendix A-3 Exhibit 3).

The reduction of Drainage Area 2 will reduce the current level of area contributing to stormwater
infiltration and migration down-gradient to the southeast. More rainwater in this area will be
captured, treated, and detained for discharge to the public storm sewer system.

Figure 4 shows the estimated entire drainage basin for the Long Street system. (Note that the boundaries
are approximate and have been estimated from the City of West Linn map system.) This figure illustrates
the additional area of 2.6 acres added to the overall 45 acre basin.

EXHIBIT 4: SUNSET NEIGHBORHOOD AREA DOWNSTREAM BASIN
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Figure 4: Sunset neighborhood area downstream basin
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Il. Methodology

Design Criteria

The proposed project will create impervious areas that will require a stormwater facility to treat and detain
the runoff produced. The City of West Linn Design Standards requires all new construction to mitigate the
impact of the new impervious areas in vegetated stormwater facilities to address both treatment and
detention of stormwater. Per Sections 2.0010 and 2.0013 of the City Public Works Standards, the key
applicable general design requirements and minimum criteria are outlined below (summarized for brevity).

* Surface or subsurface drainage caused by development shall not be allowed to flow over adjacent
property but shall be collected and conveyed in an approved manner to an approved point of
disposal.

e The approved point of disposal for all stormwater may be a storm drain, or detention or retention
pond approved by the City Engineer. Existing open channels are approved points of disposal after
the stormwater has been treated.

* The peak discharge from the property may not be increased from conditions existing prior to the
proposed development.

* Retention/detention facilities are required where necessary to maintain surface water discharge
rates at or below the existing design storm peak discharge rate.

e Detention facilities shall be designed to provide storage up to the 25-year storm event, with the
safe overflow and conveyance of the 100-year storm event. Allowable post-development discharge
rate for the 2, 5, 10 and 25-year events shall not exceed the pre-development discharge rates.

e Water Quality (Treatment) Facilities are required to meet the design requirements of the current
City of Portland Stormwater Management Manual.

* For onsite conveyance piping, the piping must be designed to safely convey the 100-year design
storm.

Pre-Developed Conditions

The pre-developed conditions for this storm analysis are based on existing topography and the assumed
Lewis and Clark condition of zero development. This pre-development assumption allows a comparison
such that the post-developed run-off rates for a given area mimic that of woods in fair condition. These are
the rates that the post developed run-off rates are compared to.

Infiltration Prevention

Infiltration under the proposed stormwater facility will be prevented by an impermeable geosynthetic clay
liner (GCL) installed under the facility. This GCL is a manufactured product consisting of two layers of non-
woven geotextile fabric surrounding a layer of lower permeability sodium bentonite needle punched
together. The liner products typically come in 15- to 20-foot wide rolls and are laid down in an overlapping
fashion to create a low-permeability layer. There are a number of manufacturers for this type of product
including Terrifix Geosynthetics, CETCO Lining Technologies, etc. The liner specified for the Sunset project
is Bentomat DN manufactured by CETCO Lining Technologies or approved equal.

Sunset Primary School | KPFF Consulting Engineers
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These manufactured liner materials are a good alternative to conventional compacted clay liner by
replacing a thick section of compacted clay with a thin layer of pure sodium bentonite. One truckload of
GCL is equivalent to 150 truckloads of compacted clay. Typical lining applications include canals, storm
water facilities and wetlands. Specified hydraulic conductivity of the liner material (per ASTM D5887) is
5x10-9 cm/sec or approximately 0.000007 inches/hour. The GCL will be overlain with a layer of non-woven
geotextile, pea gravel, and perforated collection piping that will collect storm water infiltration through the
planting media and convey it to the discharge piping system.

Manufacturer’s installation instructions for the GCL system include typical overlapping details for
accommodating pipe penetrations and structures within the liner footprint. Note that no trees will be
planted with the stormwater facility lined footprint. The 18-inch thick layer of growing media will support
the water quality plantings in the facility. Standard manufacturer specifications and installation guidelines
have been included as an appendix.

Treatment Methodology

The City of West Linn Design Standards reference City of Portland Stormwater Management Manual
(SWMM) requirements for treatment of the “pollution reduction” rain event. This event is defined as two
thirds of the 2-year storm event and corresponds to a 24-hour rainfall event of 0.85 inches. The required
Water Quality treatment area is calculated using the City of Portland Presumptive Approach Calculator
(PAC).

Per correspondence with BES, the PAC Calculator may be used for drainage areas greater than 1 acre and
does not affect the calculated peak flows for such an area. The 1 acre exceedance warning is purely internal
for the Engineer to evaluate the facility size. As stated in the PAC user manual, the sizing of the facility still
requires an engineering evaluation, which is the intent of this report. As shown in the PAC Calculations
(Appendix B) the surface capacity is only ~26% used for the water quality storm in the proposed basin
design. This shows that the facility is oversized for the water quality storm and provides extra capacity. In
addition to the extra capacity of the facility, the design infiltration rate of the growing media and infiltration
rate of the native soil has had a safety factor of 2 applied for additional conservative calculations.

Detention Methodology

The West Linn Design Standards for Flow Control state that the “post development discharge rate for the 2,
5, 10, and 25 year events shall be that of the pre-development discharge rate.” This project is analyzed as
one basin (Basin 1 in Exhibit 3 in the above sections) based on proposed grades to convey all on-site
stormwater to the facility in the southeast corner of the site. Based on the stormwater facility design and
shape, detention volumes were calculated using standard engineering software AutoDesk Storm and
Sanitary Analysis 2016 (SSA) consistent with the City of Portland Stormwater Management Manual.

Proposed Stormwater Treatment & Detention Facility

To address the treatment and detention requirements, a single combined stormwater treatment and
detention facility is proposed for the site. The facility has a flat bottom area of 3,445 square feet and has
interior side slopes of 3H:1V. The total depth of the facility is 4’-6” and the volume is appropriated as
follows:

Sunset Primary School | KPFF Consulting Engineers 9
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e 0"-6" Treatment depth.

e 6”"-38" Detention storage (2-year to 25-year storms).
e 38"-40" 100-year storm overflow depth.
e 40" -54" Freeboard.

The selection of the stormwater treatment and detention facility at the Sunset site is a standard best-
management practice for stormwater. These facilities are very common and typical to all new
development, including schools. The function of these facilities is to provide both the water quality and
water quantity requirements mandated by the City of West Linn Public Works Design Standards.

Flow will be controlled out of the facility using an orifice control structure which is installed inside a flow
control manhole. This orifice assembly also has an overflow to accommodate 100-year storm flows. In
addition, there is a second redundant emergency overflow structure completed separate from the flow
control manhole.

With respect to the grading of the facility, the surrounding top of the facility is at elevation 539.5-feet
which is the approximate grade through the center of the existing play equipment area. The proposed
location of the facility has been developed with regard to the existing site topography and has been
influenced by the following factors:

* The facility needs to be positioned at the low point of the site to collect the complete runoff from
all impervious areas of the site.

* The facility needs to be positioned to allow placement of the flow control and overflow structure to
be connected to the public storm sewer system.

* The facility needs to be accessible and near a roadway for maintenance access.

* The facility needs to be separated from school recess activities.

lll. Analysis

The hydrologic and hydraulic analyses were generated from a variety of sources including existing maps,
field data, computer programs, standards, and reference manuals by experienced professionals.

The hydraulic analyses were performed in accordance with City of West Linn Design Manual using the SBUH
method with a 24-hour NRCS Type 1A synthetic rainfall distribution. As outlined above, the calculations
were executed with the computer program AutoDesk Storm and Sanitary Analysis 2016 and City of
Portland’s PAC Calculator. These methods were used to determine peak flows, pipe conveyance, facility
sizing, and orifice flow control.

Site Hydrology & Hydraulic Analysis

Development of the site hydrologic and hydraulic analyses was based on the following parameters:
* The total impervious areas for the site are approximately 2.98 acres.
e C-value for impervious areas = 0.98.
e Time of concentration (ToC) = 5 minutes.

Sunset Primary School | KPFF Consulting Engineers 10
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The 24-hour rainfall depths used in this study were obtained from the City of West Linn Surface Water
Management Plan.

Design 24 Hour Rainfall
Storm (inches)
2-year 2.5
5-year 3.0
10-year 34
25-year 3.9
100-year 4.5

Table 1: 24-Hour Rainfall Depths (Source: City of West Linn Surface Water Management Plan)

Stormwater Treatment

This project will treat stormwater in the bottom planter area of the combined treatment and detention
facility. Storage depth will be the first 6 inches of the proposed stormwater facility. The proposed facility
has been designed using AutoDesk SSA and the area required for water quality has been verified using the
City of Portland PAC Calculator (See Appendix B).

The facility will provide filtration treatment of the stormwater through a combination of plant bio-
treatment and growing soil media filtration. The bottom of this facility is recessed 6 inches from the outlet
pipe and becomes essentially a stormwater planter to hold a pre-determined quantity of water comprising
the “treatment” storm as defined by regulation. For regular small storms, rainwater enters the planter and
is cleaned by residence time within the plant environment and by percolating down through the soil media.

Using the pollution reduction storm of 2/3 of the 2-year design storm, the following results were calculated
for the treatment of stormwater at the Sunset site:

*  24-hour treatment storm rainfall = 1.67 inches.

» Pollution reduction peak rainfall intensity (City of Portland SWMM Appendix E) = 0.19 in/hr.

* Pollution reduction peak flow = 0.53 cfs.

* Pollution reduction treatment area = 3,445 square feet.

As seen in the PAC calculations, a facility configuration D was chosen in which a perforated pipe will catch
and stormwater that infiltrates through the growing media and convey to the flow control manhole.
Underneath the pipe and gravel bedding will be a geosynthetic clay liner to prevent rainwater from
infiltrating further into the native soil. This design was incorporated into the water quality PAC calculation
(for treatment) as well as the orifice (SSA) detention calculations.

Stormwater Detention

The stormwater facility has been designed to detain and discharge per the City of West Linn Stormwater
Manual. Discharge is controlled through a multiple orifice flow control manhole in which the post 2, 5, 10,
and 25 year discharge rate is equal to or improved upon from its pre development conditions. The facility
provides storage for up to the 25 year storm and approximately 1.20-feet of additional freeboard to safely
overflow the 100 year storm event. See Appendix B for detailed analysis of the Detention facility.
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Pond ID @ Facility Bottom Area | Side Slope Total

Depth
((;RY) (FT)
1 3445 3:1 4.5

Table 2: Detention Facility Design Parameters
*See Appendix B for additional details

For temporarily detaining flows from heavy storms, this facility does not depend on infiltration, and all the
storage calculations are based on surface volumes and do not account for the additional storage within the
voids of the drain and rock and growing medium. The facility is graded to provide storage volume for onsite
stormwater to be temporarily stored and metered out slowly so that peak discharge from the property is
substantially decreased from its existing condition. This is accomplished by providing ponding capacity
within the facility and routing the stormwater discharge through an outlet orifice structure that meters the
flow out slowly. The table below illustrates the peak existing condition and proposed new development

storm discharge rates.

Development Condition

Pre-Development Flows
(Lewis and Clark Existing Site — See App A Fig 4)
Proposed Development Facility Inlet Flows
(un-detained Post Developed — See App A
Basin 1 Fig 5)

Proposed Facility Outlet Flows
(detained flows Post Developed — See App A
Basin 1 Fig 5)

Undeveloped Area
(Area within property that will be
undisturbed — See App A Basin 2 Fig 5)

Table 3: Detention Flows

2 YEAR
Qmax

(cfs)
0.40
1.86

0.28

0.11

5 YEAR
Qmax

(cfs)
0.70
2.37

0.47

0.20

10 YEAR
Qmax

(cfs)
0.97
2.80

0.66

0.27

25 YEAR
Qmax

(cfs)
1.35
3.35

0.94

0.38

100 YEAR
Qmax

(cfs)
1.84

4.02

As Table 3 illustrates, offsite peak stormwater flow rates from the new school are significantly reduced
below the pre-development discharge rates. The proposed detention facility at Sunset has a maximum
graded depth of 4.0 feet (bottom elevation of 535.0 to top of facility elevation of 539.5). The following
Table 4 shows these ponding depths for the various design storms.

Design Storm Water Surface Elevation Water Depth Freeboard
Facility Bottom 535.00 0.00’ 4,50
Treatment(6-Month) 535.50 0.50’ 4.00’
2-Year 537.43 2.46' 2.04'
5-Year 537.73 2.74 1.76’
10-Year 537.89 2.89 1.61
25-Year 538.10 3.117 1.39’
100-Year 538.29 3.30 1.20’

Table 4: Sunset Primary School Detention Storage Depths
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IV. Conveyance

All of the components of the storm system are sized to convey the 100-year design storm (Rational
Method) per the City of West Linn Design Manual. Below outlines the methods used for sizing flows and
comparing pipe capacity:

Basin component Method of Calculation Reference Code
Basin Flow Rational Method Table 6.1, SDFDM*
1.49 2
Pipe Capacity Manning’s Q =——A4 *Réx/g Equation 8.2, SDFDM*
n

* = City of Portland Sewer and Drainage Facilities Design Manual (revised June 2007)
For pipes that have less than 3 feet of cover, ductile iron will be used in lieu of PVC.

Below is the information used for the conveyance calculations:
* The precipitation for the 100-year storm is 3.45 in/hr per ODOT Zone 8 IDF Curve.
* The “c” value for pavement/roofs is 0.98 and the “c” value for landscaped areas is 0.25.
*  The minimum time of concentration is 5 minutes.

V. Conclusions

Based on the compliance with the City of West Linn Stormwater Management Manual, City of West Linn
Design Standards, City of Portland SWMM, feasibility, and proper engineering techniques, the stormwater
runoff for the Sunset Primary School project will be effectively managed. A single combined stormwater
treatment and detention facility will be used for water quality and water quantity. This determination is
supported by the PAC and SSA calculations. A geosynthetic clay liner will be used to prevent stormwater
infiltration into the native soil. The proposed facility discharge rates are controlled to the code required
pre-development rates, and are substantially lower than the current school discharge rates. No
downstream impacts are anticipated.

In addition, Table 5 below was developed to compare existing discharge rates to the Exeter/Long Street
system to the proposed new discharge rates. Although the drainage area size increased by 2.7 acres, the
overall discharge flows are lower.

As Table 3 illustrates, offsite peak stormwater flow rates from the new school are significantly reduced
below the existing discharge rates. Discharge to the City of West Linn Long Street storm sewer system has
been detained to levels below the existing discharge flows to the Exeter system. And due to the reduction
of area for Drainage Basin 2, runoff on the west side of the site has been reduced as well.

Sunset Primary School | KPFF Consulting Engineers
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Existing School Site Proposed New School Site

Peak Stormwater Discharge Offsite Peak Stormwater Discharge Offsite
Design Drainage Basin 1 Drainage Basin 2 Drainage Basin 1 Drainage Basin 2
Storm (No detention—  (Downslope runoff  (New detention (Downslope runoff
discharge to from field & tree to Lewis & Clark  from field & tree area
Exeter system) area) level-discharge  —including bottom of
to new Bittner detention facility)
storm sewer)
2-Year 1.22 cfs 0.27 cfs 0.28 cfs 0.11 cfs
5-Year 1.49 cfs 0.46 cfs 0.47 cfs 0.20 cfs
10-Year 1.72 cfs 0.63 cfs 0.66 cfs 0.27 cfs
25-Year 2.00 cfs 0.86 cfs 0.94 cfs 0.38 cfs
100-Year 2.34 cfs 1.16 cfs 1.67 cfs 0.51 cfs

Table 5: Sunset Primary School Peak Stormwater Discharge Rates

e Drainage for the new development will be collected and conveyed in an approved manner to an
approved point of disposal. On the proposed Sunset site, storm drainage is discharged and connected
to the same Long Street system to which it is currently routed.

e The proposed combined treatment and detention facility is not designed nor intended to infiltrate
heavy stormwater events. Some natural infiltration will occur at the reduced rate of the facility growing
media and the majority of stormwater flow will be collected and discharged offsite.

* The peak discharge from the school development has been appropriately detained and discharged to
the City system such that peak flows discharged downstream (Long Street system) will not be increased
from conditions existing prior to the proposed development.

e Appropriate (redundant) overflow facilities will be incorporated into the discharge structures of the
facility.

e Water Quality (Treatment) Facilities have been designed per the requirements of the current City of
Portland Stormwater Management Manual.

* Onsite conveyance piping has been designed to safely convey the 100-year design storm.
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Appendix A

Figures

Vicinity Map

Basin Map

Storm Sewer Plans

Pre-Developed Drainage & Discharge
Post-Developed Drainage & Discharge

Sunset Primary School | KPFF Consulting Engineers
STORMWATER DRAINAGE REPORT



T

Glaria-Br—

N\
@regon-it

E=——Rtinarest
; Yy

|

o]

= |

1=

= (]
=1

=

N

R

l
'? =
r ml".. :

A

[
4""‘@
N

02015 Eoo_gl"e'!

VICINITY MAP

N.T.S
Plotted: 1/4/16 at 11:49am By:




ning—Design \PRIVATE\O1—Stormwater\BASIN_MAP.dwg TAB: FIG—2

File: N:\c\p\2015\315087—Sunset—Primary—School \PROJ—INFO\Plan

DEVELOPED ON-SITE BASIN TOTAL
AREA = 217,963 SF (5.0 AC)

N\

OFFSITE BASIN = 48647 SF (1.12 AC)

.
9 r’“*.\,i\
R4 | RS
\
\
s \R7
‘\13:\‘»
4
3 \ |
15/ I

UNDEVELOPED ON—SITE BASIN
= 55,593 SF (1.28 AC)

ON-SITE BASIN DATA

TOTAL AREA: 217963 SF
IMPERVIOUS AREA: 128000 SF

BASIN 1: 20068 SF
BASIN 2: 9435 SF
BASIN 3: 29456 SF
BASIN 4: 14157 SF
BASIN 5: 2787 SF
BASIN 6: 9261 SF
BASIN 7: 11338 SF
BASIN 8: 9790 SF
BASIN 9: 7996 SF

BASIN 11 79!
BASIN 12: 15405 SF
BASIN 13:

R1: 9781 SF
R2: 8705 SF
R3: 4606

R4: 5657 SF
RS: 4922 SF
R6 6950

R7 4982 SF

SUNSET PRIMARY
SCHOOL

I— STORMWATER BASIN MAP| FICG-2

lotted: 6/27/16 at 1:45pm By: achung




Appendix A - Figure 4

PREDEVELOPED

DRAINAGE BASIN (LEWIS & CLARK)
TOTAL AREA =6.28 ACRES
PERVIOUS AREA = 100%

*

TT{!ER §
\

Pre Developed Q

2yr
Syr
10yr
25yr

0.40
0.70
0.97
1.35

{

=
i’nzﬁf

[

N

1




Appendix A - Figure 5

POST-DEVELOPED SUNSET SCHOOL DRAINAGE BASINS & DISCHARGES

wrs Y:} N \i\\ ‘:‘.’3 u > // |
P BAs i}@ % N UNDEVELOPED

DRAINAGE BASIN 2

NATURAL TREE

AREA = 1.28 ACRES

PERVIOUS AREA = 100%

3 3 A2
& ‘ “\

§
~
§
Y
/
/

--------

i

al'
N

] SUNSET PRIMARY
SCHOOL

/

RELATIVELY FLAT

N >
. _ v
/7 VR R
/ ¥ / !Q:\\ii:; ‘
T\E

PROPOSED DEVELOPMENT
DRAINAGE BASIN 1

TOTAL AREA =5.1 ACRES
PERVIOUS AREA = 43%

oo _o

Y
, ' f

AN

Y/

(LTRRLIIRNINLN)

N\
N\
W

"PARK STREET

| -
| |

)

133418 HANLLIE

Post Developed Q Undeveloped Q

2yr 0.28 0.11
Syr 0.47 0.20
10yr 0.66 0.27

25yr 0.94 0.38
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(x) STORM KEYNOTES

sk 1. INSTALL STANDARD CLEANOUT.
2. INSTALL FLOW CONTROL MANHOLE: %%
3. INSTALL STANDARD 48" DIAMETER MANHOLE. ‘ ‘
X 4. CONNECT TO BUILDING ROOF DRAIN STUB WITH PVC
LATERAL. LATERAL TO BE 6" DIAMETER UNLESS [
OTHERWISE NOTED ON PLANS. SLOPE AT A MINIMUM \2Z
e OF 2% SEE PLUMBING PLANS FOR CONTINUATION.
3 CONFIRM_DOWNSPOUT LOCATION WITH
3 ARCHITECTURAL AND PLUMBING PLANS PRIOR TO
| CONSTRUCTION.
/ 5 DAYLIGHT STORM PIPE. & WEST LINN WILSONVILLE
< 6. PROVIDE BUILDING FOOTING DRAIN SYSTEM AND
CONNECT TO STORM DRAIN WITH SOLID WALL PVC A 2755 SW Borland Road
orland Roa
PIPE, S=1% MINIMUM, SIZE TO MATCH SUB-DRAIN. Y Tualatin. OR 2
INSTALL BACKWATER VALVE. ualatin, OR 9706:
[ 503) 673 7995
7. SEE PUBLIC IMPROVEMENT (PI) PLANS FOR WORK IN (503)
RIGHT OF WAY (ROW).
8. CONNECT RETAINING WALL SUB-SURFACE DRAIN TO
STORM SYSTEM WITH 4” SOLID WALL PVC. T 1
9. PROVIDE TRENCH DRAIN. I1BI
10. TRENCH DRAIN POINT OF CONNECTION. SEE —
STRUCTURE TABLE FOR LOCATION.
L V2 Iva v X —¢ % T 11. PROVIDE AREA DRAIN (AD). 4.@ pul O'SX?cﬁf:fffn?'Gm"p
- 12. PROVIDE CATCH BASIN. %
NE
13. PROVIDE STANDARD DITCH INLET. 907 SW Stark Street Portland OR 97205 USA
Lva >< X- X >< - - w tel 503 226 6950 fax 503 273 9192
14. CONSTRUCT STORMWATER TREATMENT/DETENTION = wwww.dowa-bigroup.com  www.ibigroup.com
FACILITY. @w
I
15. PROVIDE PVC STORM DRAIN PIPE. %
16. PROVIDE 4" PVC PERF DRAIN IN 8" DRAIN ROCK
ENVELOPE BEHIND RETAINING WALL.
(7
3 gt 17. PROVIDE DETENTION OVERFLOW STRUCTURE
——— 32 LF — 83D, S33.16° 18. CONNECT TO EXTERIOR DOWNSPOUT AND PROVIDE
H S=3.16% CLEANOUT AT CONNECTION.
] SD SOMH-04 / (SD) STRUCTURE TABLE 5w v, Sute 2500
iand, O 97204
STRUCTURE ID | NORTHING | EASTING | RIM ELEVATION INVERT ELEVATIONS P05 7 aeat
n o)
N | AD-01 10120.56 | 10326.02 553.00 IE 8"(0UT) = 549.33 (W)
7 o [S]
U @ I'is AD-02 10153.18 | 10326.02 553.00 IE 8"(0UT) = 549.33 (W)
o © H 5 “" AD-03 10185.81 | 10326.02 553.00 IE 8°(0UT) = 549.33 (W)
1 o ° H e 1 AD-04 10194.74 | 10339.59 553.27 IE 8°(0UT) = 549.33 (W)
¢ 1 AD-05 10225.15 | 10376.41 554.00 IE 8°(0UT) = 550.34 (S)
o o H |
> LIJ AD-06 10223.64 | 10392.06 554.00 IE 8°(0UT) = 550.33 (S)
1 | —SD STUB-01
° © H 6 LF - 55D . IE =554.00 cB-01 10184.61 | 9859.61 555.00 IE 8°(0UT) = 551.83 (S)
&
SD_cB-Ot o ” 5:25'552\ NE] i cB-02 10049.23 | 10013.05 551.55 IE 8"(0UT) = 548.55 (E) EXPIRES 6/30/16
ol -
- H @ SD CB-07 S 1 cB-03 10036.04 | 10030.94 550.98 IE 8°(0UT) = 548.28 (N)
o wl-
& \ L8 N CB-04 10103.85 | 9893.48 555.09 IE 8°(0UT) = 551.28 (NE) O
0 LF - 10"SD S e
N H 5=2.00% ;SI cB-05 10053.08 | 9992.58 5§51.00 IE 8"(0UT) = 549.00 (NE) "(7')
E]
s
W 26 LF - 8"SD H F §§I c8-06 10046.34 | 10067.33 552.30 IE 8°(0UT) = 547.95 (N) 5
3 [z
= 0 LF - 10°SD §MI cB-07 10178.40 | 10138.63 554.65 IE 8°(0UT) = 551.65 (E)
£ - Ll -
w @5:2-00" 1 "’I cB-08 9828.50 | 10374.46 544.34 IE 8"(0UT) = 539.84 (N) 8
o
i " cB-09 9903.30 | 10456.36 544.27 IE 8°(0UT) = 539.58 (NW) =
i IE 10"(IN) = 546.91 (W) O
—SD STUB-03 cB-11 10216.99 | 10383.57 551.78 -
/\ IE =554.00 IE 10°(0UT) = 546.91 (E) (dp]
FG=555.96
" cB-12 10044.82 | 10156.79 552.85 IE 8°(0UT) = 545.74 (N) 0] (D)
=) " O
3 IE 10"(IN) = 550.16 (NW) = 3
o co-o01 10124.97 | 9925.70 555.78 IE 10"(0UT) = 550.18 (SE) = = S
v . = 5
€0-02 10008.77 | 10323.02 553.94 IE 8°(0UT) = 549.61 (N) o O «
o o o ) = =l N ©°
l €0-03 10216.99 | 10344.59 554.05 :E :..E‘SBT)’ :5457‘.556?«()9 N = <
28 LF - 10"SD 7/ > =
S=2.00% / IE 10°(IN) = 545.01 (N) ; =
~ - @ & C0o-04 10169.03 | 10443.93 551.98 E 107(0UT) = 545,01 (5) i ]
\ 51 . m [ ) =
N . ©
_ " _ IE 10"(IN) = 543.22 (NW} =X
33UF - S ~ 2x0p SD SDMH 05@ o) c0-05 10083.34 | 10458.14 550.73 e 12"203“ 23 oé (S>E) < a3
(15)57% SD SDMH-03 - - ] o
~ 35 L;— 12"SD B % \ IE 12"(IN) = 540.08 (NE) S 2
o7 O 87 LF — 12"SD c0-06 9963.71 | 10450.52 545.92 . = N = €6
: —— IE 127(0UT) = 540.08 (SW) »n 3
=1.50% S=1.50% =2 =
3 CB-05 @ c0-07 9918.59 | 10371.86 545.89 IE 8"(0UT) = 538.98 (NE) =) ()] 52
12 8SL
23 LF 2 875D 23 1F < dsp co-08 9882.18 | 10469.92 533.04 IE 6"(0UT) = 532.50 (SW) (72] ; N
S=2.00% $=1.00% -
SD CB-02 { :2 { :) -
@ — — — DI-01 9815.25 | 10387.66 535.50 }E gg(‘(ﬁ)ul) 5315317'%{()‘”)
19 LF - 8°SD / :
52 DL-01 9905.14 | 10406.12 537.62 IE 18°(IN) = 536.00 (NW) 2
SD CE*DE@
FCMH—01 9815.18 | 10348.42 544.77 IE12(IN) = 531.78 (E)
8D - - IE 12°(0UT) = 533.00 (W) Z
OFI- 01 9822.44 | 10387.47 538.30 IE 127(0UT) = 533.10 (W)
IE 12°(IN) = 538.73 (NE) 3
IE 18°(0UT) = 537.76 (SE)
SDMH-01 | 9929.96 | 10391.59 545.93 I 187(N) = 539,72 (NW)
IE 8°(IN) = 538.73 (SW) Key piam
IE 15°(N) = 541.33 (W)
SDMH-02 | 10000.37 | 10351.68 5§51.55 IE 157(OUT) = 541.33 (5€)
phase\ Conformed Set
IE 12°(IN) = 545.76 (W) ‘
IE 157(0UT) = 545.51 (E)
SDMH-03 | 10067.98 | 10154.50 554.13 I 10°(N) = 548,51 (N)
E 8"(N) = 545.51 (S) date | June 15, 2016
_ IE 8(IN) = 549.04 (NE) revisions
SDMH-04 | 10252.95 | 10154.08 555.75 IE 8"(0UT) = 549.04 (3) ‘
IE 10°(IN) = 547.75 (NW) ‘
SDMH-05 | 10069.79 | 10032.91 552.43 IE 127(0UT) = 547.58 (E) |
PIPE LEGEND IE 8°(IN) = 547.60 (S) |
IE 10°(IN) = 546.15 (W)
PROPOSED EXISTING SDMH-06 | 10216.99 | 10421.58 552.24 I 10°(0UT) = 546.15 (SE) ‘
) STORM DRAIN
SCALE 1INCH = 20 FEET SANITARY SEWER ‘
WATER LINE -
20 40 FIRE MAIN prOJect#\ 15015
GAS LINE
— — — —  SUB-DRAINAGE EI.E)ORRI'MVEIIE@IN'
C 6 | | 0 1
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(x) STORM KEYNOTES

1. INSTALL STANDARD CLEANOUT.

2. INSTALL FLOW CONTROL MANHOLE- %%

3. INSTALL STANDARD 48" DIAMETER MANHOLE. 4.

4. CONNECT TO BUILDING ROOF DRAIN STUB WITH PVC
LATERAL. LATERAL TO BE 6" DIAMETER UNLESS
OTHERWISE NOTED ON PLANS. SLOPE AT A MINIMUM
OF 2%. SEE PLUMBING PLANS FOR CONTINUATION.
CONFIRM DOWNSPOUT LOCATION WITH

ARCHITECTURAL AND PLUMBING PLANS PRIOR TO
CONSTRUCTION.

i

@

4
2

A
5. DAWIHT SToRw prE. ——————————(7) WEST LINN WILSONVILLE
6. PROVIDE BUILDING FOOTING DRAIN SYSTEM AND
CONNECT TO STORM DRAIN WITH SOLID WALL PVC AN 2755 SW Borland Road
orland Roa
PIPE, S=1% MINIMUM, SIZE TO MATCH SUB—DRAIN. T "
INSTALL BACKWATER VALVE. Tualatin, OR 97062
503) 673 7995
7. SEE PUBLIC IMPROVEMENT (PI) PLANS FOR WORK IN (503)
RIGHT OF WAY (ROW). e _____|
8. CONNECT RETAINING WALL SUB-SURFACE DRAIN TO
STORM SYSTEM WITH 4” SOLID WALL PVC. T 1
PROPERTY. LINE 9. PROVIDE TRENCH DRAIN. IBI
PROPERTY | )
* A R 10. TRENCH DRAIN POINT OF CONNECTION. SEE
STRUCTURE TABLE FOR LOCATION.
11. PROVIDE AREA DRAIN (AD). 4.@; Du"ms::c‘r,\vi::cktessl-nlcs.l Grove
(2 '
12. PROVIDE CATCH BASIN.
&
13. PROVIDE STANDARD DITCH INLET. CW 907 SW Stark Strest Portland OR 97205 USA
tel 503 226 6950 fax 503 273 9192
14. CONSTRUCT STORMWATER TREATMENT/DETENTION www.dowa-ibigroup.com - wwww.ibigroup.com
FACILITY.
T
15. PROVIDE PVC STORM DRAIN PIPE.
16. PROVIDE 4” PVC PERF DRAIN IN 8" DRAIN ROCK
ENVELOPE BEHIND RETAINING WALL.
17. PROVIDE DETENTION OVERFLOW STRUCTURE
18. CONNECT TO EXTERIOR DOWNSPOUT AND PROVIDE
CLEANOUT AT CONNECTION.
1115w Fith Ave, Sulte 2500
ey
¥ 503.274.4681
svwipttcom
—_— - o - =y S SD SDMH‘—GS@
! 7 6 (SD) STRUCTURE TABLE
T
I
LID K STRUCTURE ID | NORTHING | EASTING | RIM ELEVATION INVERT ELEVATIONS
ffED Sggfgg‘ AD-01 10120.56 | 10326.02 553.00 IE 8"(0UT) = 549.33 (W)
' =
; ﬁl || FG=555.98 X AD—02 10153.18 | 10326.02 553.00 IE 8"(OUT) = 549.33 (W)
{ 5
28 11 LF - 10°SD AD-03 10185.81 | 10326.02 553.00 IE 8°(0UT) = 549.33 (W)
13521 @ IE =553.04 —5=2.00% \ EXPIRES 6/30/16
‘ SHI ‘ FG=555.04 S K AD-04 10194.74 | 10339.59 553.27 IE 8"(0UT) = 549.33 (W)
1155 [sD AD-03 —24-] 15 LF - 10"SD
Sl F Saseod’ 100 LF — 8"SD. @ e | | b—s=200% AD-05 10225.15 | 10376.41 554.00 IE 8°(0UT) = 550.34 (S) .._‘o
o] |
FG=551.96
F ] | $=1.50% | | —= CD,M® K AD-06 1022364 | 10392.06 554.00 IE 8"(0UT) = 550.33 (S) =
| —sD sTuB-23 ) o - =
i —l IE =550.00 1—\2}500;0 0 cB-01 10184.61 | 9859.61 555.00 IE 8"(0UT) = 551.83 (S) 172)
L _ FG=553.14 SD STUB-25—} T P
] SD\ES}Ez 1551 \” @ IE =550.00 I % +\ CB-02 10049.23 | 10013.05 551.55 IE 8°(0UT) = 548.55 (E) Q
=y =t FG=551.98 NE
FG=554.51 T'\SD AD—02 —— JS_ \ \\ CB-03 10036.04 | 10030.94 550.98 IE 8"(0UT) = 548.28 (N) 6
r—
_ | \ & e - cB-04 10103.85 | 9893.48 555.09 IE 8°(0UT) = 551.28 (NE) o
| —sp sTUB-03 % Ter0a |—-sD sTUB-22 l =
IE =554.00 FomB54 22 L 1% 5000 SD STUB-26—1 cB-05 10053.08 | 9992.58 551.00 IE 8"(0UT) = 549.00 (NE) =
FG=555.96 i FG=553.14 IE =550.00 8 % ~ — [&]
I FG=551.92 {7 e cB-06 10046.34 | 10067.33 552.30 IE 8°(0UT) = 547.95 (N) N
1= .
S?EST“E(QE ! D AD—01 @ F z ‘@ +<}p% CcB-07 10178.40 | 10138.63 554.65 IE 8"(0UT) = 551.65 (E) b
SD STUB-04, FG=553.96 A %’1 cB-08 9828.50 | 10374.46 544.34 IE 8°(0UT) = 539.84 (N) OZ = 3
IE =554.00 == Q
FG=555.87 [—sD sTUB-21 | ~ 4, ©B-09 9903.30 | 10456.36 544.27 IE 8°(0UT) = 539.58 (NW) = = Q
| IE =550.00 \ ) Nk 2 8 =
FG=553.54 IE 10°(IN) = 546.91 (W) o
o sTuB-1o Vg o | \SD P \ cB-11 10216.99 | 10383.57 551.78 E 10(0UT) = 546.91 (E) o o O
£ =551.04 - NN IE =550.00 @ : © cc—os@ - N = <
FG=553.94 FG=553.76 \ 5 % cB-12 10044.82 | 10156.79 552.85 IE 8°(0UT) = 545.74 (N) — £
 Sieaao @sm c0-02 \ 3 LF — 12"SD " > ; =
FG=555.58 ) $=2.00% co-01 10124.97 | 9925.70 555.78 IE TOYIN) = 55016 (NW) Ll 8
\ v IE 10°(0UT) = 550.16 (SE) c 2
m o]
_ SD STUB-27 c0-02 10098.77 | 10323.02 553.94 IE 8"(0UT) = 549.61 (N) [ 753
IE =550.00 —
m— ® . i
D STUBLO6 L — = IE =550.00 FG=551.92 : . IE 8°(IN) = 547.66 (W) (11} 2 &
4 )E =552.00 @/ —— FG=551.75 K €003 1 10216.99 | 10344.59 | 85405 | g g(oUT) = 547.66 (E) N — €5
FG=553.75 e @ 50 ‘|I o —
e SD STUB—07 SD STUB—1 ” "(IN) = = o)
- IE =552.00 (& = 19 LF - 127D C0-04 10169.03 | 10443.93 s51.98 E 10°(IN) = 545.01 (N) Do
8 + T JFe=553.79 e $=2.00% L IE 10°(0UT) = 545.01 (S) — o3
Lr\r T N | E = FN)
5% " | SD STUB-11 "(IN) = (2] had
RS 'SD i IE 10"(IN) = 543.22 (NW)
2.0 SD STUB-08 N\ WX £ =550.00 C0-05 10083.34 | 10458.14 550.73 ,, =
% YR Sasn o0 o380 IE 12°(0UT) = 543.05 (SE)
= B .
Opy _ IE 12°(IN) = 540.08 (NE)
36 [ ‘SEDZSSTE:J(?D(‘JZ ., Co-06 9963.71 | 10450.52 545.92 IE 12°(0UT) = 540.08 (SW)
~./5" \ W . : 1
—Q S 551.93 £,
- S 2 co-07 9918.59 | 10371.86 545.89 IE 8"(0UT) = 538.98 (NE) T
& —ast00 s co-08 9882.18 | 10469.92 533.04 IE 6"(0UT) = 532.50 (SW) N
FG=551.91 o\ { S ——1
& _ IE 12°(0UT) = 531.97 (W)
% STUB-14 VATCH LINE : \ - DI-01 9815.25 | 10387.66 535.50 E 6°(N) = 531,67 (NE) 3
=550. SEE SHEET C6.03
F0=00105. mm o mm mm mm omm -\- - RN N B BN N (e bL-01 9905.14 | 10406.12 537.62 IE 18"(IN) = 536.00 (NW)
IE 12°(IN) = 531.78 (E)
\ X FCMH-01 981518 | 10348.42 544.77 E 12°(0UT) = 533.00 (W) key plan
0 |
OFI- 01 9822.44 | 10387.47 538.30 IE 12"(0UT) = 533.10 (W)
phase\ Conformed Set
IE 12°(IN) = 538.73 (NE) ‘
IE 18°(0UT) = 537.76 (SE)
SDMH-01 9929.96 | 10391.59 545.93 £ 15°(N) = 538.72 (NW)
IE 8"(IN) = 538.73 (SW) date‘ June 15, 2016
. IE 15°(IN) = 541.33 (W) revisions\
SDMH-02 | 10000.37 | 10351.68 551.55 IE 15%0UT) = 541.33 (5E) ‘
IE 12°(IN) = 545.76 (W)
SDMH-03 | 10067.98 | 10154.50 554.13 IE15°0UT) = 54551 (F) ‘
IE 10"(IN) = 545.51 (N)
PIPE LEGEND IE 8"(IN) = 545.51 (S) ‘
PROPOSED EXISTING IE 8°(IN) = 549.04 (NE)
SCALE . <ToRM DRAN SDMH—-04 | 10252.95 | 10154.08 555.75 IE 8(0UT) = 549.04 (D) ‘
————
SANITARY SEWER IE 10"(IN) = 547.75 (NW) ‘
WATER LINE SDMH-05 | 10069.79 | 10032.91 552.43 IE 12°(0UT) = 547.58 (E) i
20 0 20 40
FIRE MAIN IE 8"(IN) = 547.60 (S) prOJeCI#‘ 15015
GAS LINE
T T T T SUB-DRANAGE SDMH-06 | 10216.99 | 10421.58 ss2.24 | IE100N) = 54815 (W) STORM PLAN
- : - IE 10°(0UT) = 546.15 (SE) NORTHEAST
C B [ ] 0 2
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I o oy || A U—uuno

@ 5

1™ OXFORD STREET

26 LF — 15"SD,
$=2.00%

- T

v

63 LF — 8"SD

[
[
[
[
[

b,
L_.38 LF — 4°SD

=2.00%/
o
&™) s
o

S$=1.00%

SD CB-08: 9

4 PR ’g L - 12 Y/,
$=2.20% Vi

SD FCMH=01

] SD STUB-30
] IE 12" IN=531.18

SCALE 1 INCH = 20 FEET
e P M|

20 0 20 40

MANHOLE FRAME AND
COVER AS SPEGIFIED

GROUT FRAME, TYP,
- 544.77

(A

L[| PRECAST SECTIONS,
HEIGHT VARES. SEE

NOTE 1.

LADDER RUNGS.
" of

cwp\

OPEN TOP RISER —
FOR 100YR OVERFLOW \ )y REEroRuED
GASKET

6.25% ORIFICE

INSTALL 12" SHEAR GATE WITH LIFT—
HANDLE UP T0 TOP RUNG OF LADDER.

| IENE

0=

IE 127 :531.78 —]

275" ORIFICE—

(2R)
IE: 531.00°

| —MANHOLE BASE.
SEE NOTE 2

6" BASE ROCK ————-=¢

BOTTOM ELEV = 528.00

NOTES:
'ALL PRECAST SECTIONS SHALL CONFORM TO REQUIREMENTS OF ASTM C-478.

MANHOLE BASE MAY BE PRECAST OR CAST IN PLACE. SEE STANDARD MANHOLE BASE DETALS,

ALL CONNECTING PIPES SHALL HAVE FLEXIBLE. GASKETED AND UNRESTRANED JOINT WITHIN 18" OF

MANHOLE VAULT.

MATCH LINE
SEE SHEET C6.02

\@ 39LF7125D
50

o @ | 7 1F - 12°50 7<=
S=2.20%

ASI-02

sucRaENCY overrLow LT
HIVE GRATE NEENAH

18" GROWING MEDIA

PROPERTY LINE

PIPE_LEGEND

>

X

e
*

Vi

RV
A

A\
A
3NN ALY¥3JO¥d

BOTTOM POND AREA
5.5 SF

STORM DRAIN
SANITARY SEWER
WATER LINE
FIRE MAIN

GAS LINE
SUB—-DRAINAGE

TOP_OF FAGIUTY 539.50

——

EXISTING

[_——1.20' FREEBOARD
:——0.19" 100-YR OVERFLOW

311" DETENTION
STORAGE

.

BOTTOM OF FACILITY 53500

Gl
= \

6" WATER QUALITY
STORAGE

"

GEOSYNTHETIC

———

=

MIN 12° LAYER
OF PEA GRAVEL

LAY LINER (GCL)
UNDER POND

NO'

S

GONTRACTOR SHALL SUBMIT PRODUCT INFORMATION FOR GOL AND GEOTEXTILE FABRICS FOR ENGINEER
ST

HEAVEYWEIGHT

GEQTEXTLE FABRIC T0

CUSHI

HION G
e bRopex aEoTEX 1001
OR APPROVED EQUAL

AND GEOTECHNICAL ENGINEER APPROVAL PRIOR TO DELIVERY TO THE

THE CONTRACTOR IS RESPONSIBLE FOR PRESENTING A FACILITY SEQUENCE OF ACTIVITES AND
MATERIAL HANDLING PRI, TO CONSTRUCTION, THAT WLL COMPLY WTH THE GCL MANUFACTURER
INSTALLATION RECOMMENDATIONS AND GCL WARRANTEE

CONTRACIOR SHALL HAVE, THE GEGTECHNICAL ENGINEER OBSERVE THE FACILITY SUBGRADE PRIOR TO
GCL INSTALLATION AND MATERIAL PLACEMEN

ONCE THE GCL HAS BEEN PLACED, THE CONTRACTOR SHALL REFRAIN FOR MACHINE TRAFFIC WTHIN
THE LINED FOOTPRINT OF THE FACILITY.

HEAVEYWEIGHT
GEOTEXTUE FABRIC To

cus)

HION G
05E PROPER GEOTEX. 1001
OR APPROVED EQUAL

GEOSYNTHETIC
CLAY LINER (GCL)
UNDER POND

BENTOMAT DN
OR APPROVED EQUAL

FLOW CONTROL MANHOLE & STORM FACILITY SECTION

1 SCALE:

NTS

(x) STORM KEYNOTES

1. INSTALL STANDARD CLEANOUT.

3. INSTALL STANDARD 48" DIAMETER MANHOLE.

4. CONNECT TO BUILDING ROOF DRAIN STUB WITH PVC

LATERAL. LATERAL TO BE 6" DIAMETER UNLESS

OTHERWISE NOTED ON PLANS. SLOPE AT A MINIMUM |
OF 2%. SEE PLUMBING PLANS FOR CONTINUATION.

CONFIRM DOWNSPOUT LOCATION WITH
ARCHITECTURAL AND PLUMBING PLANS PRIOR TO
CONSTRUCTION.

5. DAYLIGHT STORM PIPE.

:

6. PROVIDE BUILDING FOOTING DRAIN SYSTEM AND

CONNECT TO STORM DRAIN WITH SOLID WALL PVC
PIPE, S=1% MINIMUM, SIZE TO MATCH SUB-DRAIN.

INSTALL BACKWATER VALVE.

7. SEE PUBLIC IMPROVEMENT (PI) PLANS FOR WORK
RIGHT OF WAY (ROW).

IN

8. CONNECT RETAINING WALL SUB-SURFACE DRAIN TO

STORM SYSTEM WITH 4" SOLID WALL P!

9. PROVIDE TRENCH DRAIN.

e

TRENCH DRAIN POINT OF CONNECTION. SEE
STRUCTURE TABLE FOR LOCATION.

12. PROVIDE CATCH BASIN.
13. PROVIDE STANDARD DITCH INLET.

14. CONSTRUCT STORMWATER TREATMENT/DETENTION
FACILITY.

. PROVIDE AREA DRAIN (AD).

l’

o

16. PROVIDE 4" PVC PERF DRAIN IN 8" DRAIN ROCK
ENVELOPE BEHIND RETAINING WALL.

.
PROVIDE PVC STORM DRAIN PIPE.
7

17. PROVIDE DETENTION OVERFLOW STRUCTURE

18. CONNECT TO EXTERIOR DOWNSPOUT AND PROVIDE
CLEANQUT AT CONNECTION.

19. PROVIDE DUCTILE IRON STORM DRAIN PIPE AT
RETAINING WALL CROSSING

20. PROVIDE 6" PVC PERF DRAIN IN 12" DRAIN ROCK
UNDER STORMWATER FACILITY.

(SD) STRUCTURE TABLE

WEST LINN WILSONVILLE

2755 SW Borland Road
Tualatin, OR 97062
(503) 673 7995

IBI

| NOSS—— |

Dull Olson Weekes - IBI Group
Architects, Inc.

907 SW Stark Street Portland OR 97205 USA
tel 503 226 6950 fax 503 273 9192
www.dowa-ibigroup.com  www.ibigroup.com

111 SW Fifth Ave., Suite 2500
Portiand, OR 97204
03.227.3251
F: 503,274.4681
v kpff.com

EXPIRES 6/30/18

2351 Oxford St, West Linn, OR 97068

t: (503) 673-7988

West Linn Wilsonville School District

SUNSET REVISIONING

=
PN
N

phase\ Conformed Set
date| June 15, 2016
revisions |
AS\-OZ‘ 07.05.2016

STRUCTURE ID | NORTHING | EASTING | RIM ELEVATION INVERT ELEVATIONS
AD-01 10120.56 | 10326.02 553.00 IE 8"(0UT) = 549.33 (W)
AD-02 10153.18 | 10326.02 553.00 IE 8”(0UT) = 549.33 (W)
AD-03 10185.81 | 10326.02 553.00 IE 8”(0UT) = 549.33 (W)
AD-04 10194.74 | 10339.59 553.27 IE 8”(0UT) = 549.33 (W)
AD-05 1022515 | 10376.41 554.00 IE 8"(0UT) = 550.34 (S)
AD-06 10223.64 | 10392.06 554.00 IE 8”"(0UT) = 550.33 (S)
€B-01 10184.61 | 9859.61 555.00 IE 8"(0UT) = 551.83 (S)
€B-02 10049.23 | 10013.05 551.55 IE 8"(0UT) = 548.55 (E)
cB-03 10036.04 | 10030.94 550.98 IE 8"(0UT) = 548.28 (N)
CB-04 10103.85 | 9893.48 555.09 IE 8"(0UT) = 551.28 (NE)
CB-05 10053.08 | 9992.58 551.00 IE 8”(0UT) = 549.00 (NE)
CB-06 10046.34 | 10067.33 552.30 IE 8"(0UT) = 547.95 (N)
cB-07 10178.40 | 10138.63 554.65 IE 8”(0UT) = 551.65 (E)
€B-08 9828.50 | 10374.46 544.34 IE 8"(0UT) = 539.84 (N)
cB-09 9903.30 | 10456.36 544.27 IE 8”"(0UT) = 539.58 (NW)
cB-11 10216.99 | 10383.57 551.78 :E 12?&3; :54;2?91“?9
CB-12 10044.82 | 10156.79 552.85 IE 8”(0UT) = 545.74 (N)
€o-01 10124.97 | 9925.70 555.78 :E lgggﬁﬂ: :ssgguiéN(“gE)
€0-02 10098.77 | 10323.02 553.94 IE 8"(0UT) = 549.61 (N)
€0-03 10216.99 | 10344.59 554.05 :E SE‘S&T; f";ﬂ%éw&)
CO-04 10169.03 | 10443.93 551.98 :E 12?&3; :545542?01('“()5)
C0-05 10083.34 | 10458.14 550.73 :E 12?&3; :54;5_2055'“(?8
C0-06 9963.71 | 10450.52 545.92 :E gggjﬂz f“;g%éNgw)
€0-07 9918.59 | 10371.86 545.89 IE 8"(0UT) = 538.98 (NE)
co-08 9882.18 | 10469.92 533.04 IE 6"(0UT) = 532.50 (SW)
DI-01 9815.25 | 10387.66 535.50 :E gg'("(:)UT:) ;fs;g&é)w)
DL-01 9905.14 | 10406.12 537.62 IE 18"(IN) = 536.00 (NW)

FCMH—01 9815.18 | 10348.42 544.77 :E gggﬁﬂ: fﬂ;%é?w)
A A AN N AN A
OFl- Q1 9822.44 |10387.47 538.30 IE 12°(0UT) = 533.10 (W)
IE 12"(IN) = 538.73 (NE)
SDMH-01 9929.96 | 10391.59 545.93 :E EE%Q 53593_;.276(N(\A§)E)
IE 8"(IN) = 538.73 (SW)
SDMH-02 | 10000.37 | 10351.68 551.55 EISIN) = 541,33 (W)
IE 15"(0UT) = 541.33 (SE)
IE 12°(IN) = 545.76 (W)
SDMH-03 | 10067.98 | 10154.50 554.13 :E lg(%z :54?;51“()9
IE 8"(IN) = 545.51 (S)
SDMH-04 | 10252.95 | 10154.08 555.75 :E SE%T; :54542?0}'“8)
IE 10"(IN) = 547.75 (NW)
SDMH-05 | 10069.79 | 10032.91 552.43 IE 12"(0UT) = 547.58 (E)
IE 8"(IN) = 547.60 (S)
SDMH-06 | 10216.99 | 10421.58 552.24 E10°YIN) = 546.15 (W)
IE 10"(0UT) = 546.15 (SE)

project # | 15015

STORM PLAN
SOUTHEAST

C6.03
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FRAME AND COVER HARD SURFACE
SIMILAR TO STD. CAST IRON FRAME AND
CLEANOUT DETAIL COVER TO FINISHED

GRADE IN PAVED AREAS

LANDSCAPE AREA

MECHANICAL PLUG
WITH GASKET

BUILDING ——= CLEANOUT, LOCATE WITHIN 24" OF

DOWNSPOUT OR WHERE SHOWN ON

RISER 0.D.
: I CAST IRON FRAME TOP OF CONC. WALKWAY
AC PVM'T OR CONC. PAVING + /27 MIN. SET IN CONCRETE OR GRADE
OR OTHER SURFACING r—-‘ *
{ = e
P 2 N[ { N
BACKWATER T —=p % " MAX. WEST LINN WILSONVILLE
VALVE 2" MIN L L 44 Hoop
8 :A\N 3 : LENTERED IN 3000 2755 SW Borland Road
| PSI CONCRETE PAD. i Tualatin, OR 97062
| “\L II: TO STORM SYSTEM ualatin, OR 9706
FLOW N | PROVIDE J,” MIN. © (503) 6737995
—_— - | | CLEARANCE FOR
CONCRETE PAD
NOTES: [ AND RISER PIPE

1. EXTENDABLE BACKWATER VALVE TO BE MANUFACTURED BY CLEAN CHECK OR
APPROVED EQUAL AND SHALL BE INSTALLED PER MANUFACTURER'S
RECOMMENDATIONS.

EXTENDABLE BACKWATER VALVE

8 SCALE: NTS

—
RISER PIPE @ | B |
STANDARD DOWNSPOUT )

/TRENCH BACKFILL 1 SCALE: NTS

Dull Olson Weekes - IBI Group
Architects, Inc.

WYE BRANCH 45" BEND CONCRETE COLLAR.

3000 PSI CONCRETE
OMIT IN NON-TRAFFIC
CARRIER 907 SW Stark Street Portland OR 97205 USA
PIPE HEAVY DUTY 28" MIN AREAS OR WHERE tel 503 226 6950 fax 503 2739192
INSTALL PLUG WITH e 28 CONFLICTS WITH CURB www dowabigroup.com  www.bigroup.com
- GASKET IF END OF 6" MIN RIM=PER PLAN #4 REBAR LOOP
TOP OF WALL LINE TYP. PAVEMENT |
S”LAS;E ELEVATION
+ 1" CHAMFER,TYP == — J\SERV\CE CONNECTION I
BOTH SIDES /
1 \\F REQUIRED
¥ BEDDING MATERIAL 12"
NOTES
18 BOTTOM OF WALL 1. CAST IRON FRAME AND COVER SHALL MEET H—20 LOAD REQUIREMENT.
DRAINAGE ELEVATION GREASE
GEOTEXTILE | 2. FOR CARRIER PIPE SIZE 6"® AND LESS, PROVIDE RISER PIPE SIZE TO MATCH TRAP W/
CONCRETE SIDEWALK CARRIER PIPE. HINGED LID PIPE SIZE 111SW Fith Ave, Suite 2500
l e . PER PLAN P, Ot
6
. 3. FOR CARRIER PIPE SIZE 8”@ AND LARGER, RISER PIPE SHALL BE 6"@. 1 F: 503.274.4681
197 7 . wn it com
15 DRAN ROCK - 4. RISER PIPE MATERIAL TO MATCH CARRIER PIPE MATERIAL. ’m —IE PER
2 g PLAN
5 STANDARD CLEANOUT (COTG) ‘
/ SCALE: NTS 247
4" PERF. PIPE \ SQUARE
BASE COURSE ENGINEERED FILL
4" THICK =
PROVIDE EXPANSION 6"

#4 BAR @ 12" O.C.
EACH WAY JOINT MATERIAL

MANHOLE FRAME AND GROUT FRAME, TYP.
NOTES: COVER AS SPECIFIED
1. PROVIDE SCORE AND CONTRACTION JOINTS PER DETAIL 11/C6.1. [F‘N‘SH GRADE SECTION
NOTES: e xPREs 630716
7 s T P
1 ! | 7. CONTRACTOR TO WIDEN EXCAVATION AS REQUIRED TO OBTAIN COMPACTION WITH
9 CONCRETE RETAINING WALL 26" | e — GRADE RINGS CONTRACTORS COMPACTION EQUIPMENT.
F— 3" MIN. -2
: MAX.
SCALE: NTS 12" MAX. 2. 1/4" STEEL PLATE, BITUMINOUS COATED. AS MANUFACTURED BY GIBSON STEEL o
BASINS OR APPROVED EQUAL. =
-—
25" — 2 TRAPPED CATCH BASIN 175
da 367 SCALE: NTS 5
RESURFACING MATCH LADDER
EXISTING PAVEMENT PAVED | UNPAVED RUNGS, N —
SECTION AREAS AREAS 12" oC, =0 (@)
| VARIES ™ 1 S
EXISTING AC SAWCUT DETECTABLE | . PRECAST SECTIONS,
PAVEMENT WARNING TAPE G /HE\GHT VARIES. SEE WEDIUM DUTY 157% =
— v 48" NOTE 1. SQ. TRAFFIC GRATE. [&]
= MIN TOP OF PAVEMENT RDM=PER PLAN
PREFORMED —_ | MANHOLE BASE. (WHERE (7p]
- RUBBER h /SEE NOTE 2 APPLICABLE) TOP OF GROUND
12 GASKET i (WHERE APPLICABLE) o [b]
SATISFACTORY NOTE 3 > = g
.. BOIL MATERIAL > 8
. R, i c 5
36" MIN. BACKFILL PN | O b PIPE SIZE =2 [
(IF IE IS NOT PROVIDEARY) g\\\///\\\///\ I ENGINEERED FILL i \ PPE Size ol o %
NN IE DEPTH PER PLAN | | ) — o A
* ,,,,,,, ANNN B ‘ =
INITIAL T [~ TRACER WIRE S X" BASE ROCK NOTE 1—f | | 4 ’ >— ; £
TRENCH 12" NOTES: i i I 7\5 PER 1T} k7]
BACKFILL l + NN 1. ALL PRECAST SECTIONS SHALL CONFORM TO REQUIREMENTS OF ASTM C-478. PLAN c g
% - (o' w©
[7(8” IN ROCK) 2. MANHOLE BASE MAY BE PRECAST OR CAST IN PLACE. SEE STANDARD MANHOLE C s
/2 | BASE DETALS. 7/C7.02. COMPACT SUBGRADE —— - = g 2
! 1 ;
(W] 2 b
+ 3. ALL CONNECTING PIPES SHALL HAVE FLEXIBLE, GASKETED AND UNRESTRAINED NOTE: SR
BEDDING i JOINT WITHIN 18" OF MANHOLE VAULT.. 7. 10 GAGE STEEL PLATE, BITUMINOUS COATED, AS MANUFACTURED BY GIBSON n “—‘m g9
STEEL BASINS OR APPROVED EQUAL. =2 &
| [52)
| STANDARD MANHOLE =
! 6 o TRAPPED AREA DRAIN ) D 53
SCALE: NTS w ; N s
| D 6 |
MIN. MIN.
10 TYPICAL PIPE BEDDING AND BACKFILL SLOPE SHELF 1:12
SCALE: NTS — I 1 2
TOP OF GROUND/PAVEMENT
EEXSLELF%‘SQ/A SLOPE AWAY FROM BUILDING N
b VERTICAL HEIGHT PER GRADING PLAN S
e V / OF PIPE o,
PAVEMENT M\N_“‘ SEE NOTE 2 / J/ R 3
6"t /F'AVEMENT - SRR
I - 9 g y * B - Ing l - k ey plan
— 42‘ VARIES, s
SEE PLAN A\ phase\ Conformed Set
1:12 SLOPE MIN., 6" SEAL OF COMPACTED 4
| TYP. NATIVE SOIL (LANDSCAPED o ‘
T " AREAS ONLY) STl
SEE NOTE 1 s 4" MIN. . . date | June 15,2016
WRAP DRAINAGE FABRIC 4
AROUND ALL SIDES, 12" " isi
SECTION N ConcReTE MIN. OVERLAP \\ rewsmns‘
NOTE! NOTES: 47 PVC NATIVE_SOIL OR |
: P DRAINAGE PERFORATED STRUCTURAL
1. TRENCH DRAIN SHALL BE PRE-SLOPED 6” WIDE ZURN TRENCH DRAIN OR 1. BASED MAY BE PRECAST OR CAST IN PLACE. FILL DRAIN PIPE. FILL
APPROVED EQUAL. SEE NOTE §

2. TRENCH DRAINS GRATE SHALL BE LOCKABLE HEAVY DUTY ADA TRENCH GRATE — 3. CONCRETE SHALL BE COMMERCIAL GRADE. 1. LAY PERFORATED DRAIN PIPE ON MIN. 0.5% GRADIENT, WIDENING EXCAVATION AS
CLASS C. REQUIRED. MAINTAIN PIPE ABOVE 2:1 SLOPE AS SHOWN.

2. ALL PRECAST SECTIONS SHALL CONFORM TO REQUIREMENTS OF ASTM C-478. NOTES }

4. CHANNELS SHALL BE CONSTRUCTED TO PROVIDE SMOOTH SLOPES AND RAIDII

3. TRENCH SYSTEM SHALL BE INSTALLED PER MANUFACTURER'S INSTRUCTIONS. U TEr MpE 2. CONNECT TO FOUNDATION DRAIN STUBOUT SHOWN ON PLANS. ‘
4. PROVIDE BOTTOM OUTLET AT LOWPOINT PER MANUFACTURER DETAILS. 5. EXTEND PIPE INTO MANHOLE AND GROUT SMOOTH. PIPE(S) MAY EXTEND 2° MAX 4 PERIMETER FOUNDATION DRAIN
BEYOND THE INTERIOR MANHOLE WALL. SCALE: NTS prOJecI#‘ 15015
11 TRENCH DRAIN - 6 INCH WIDE - MANHOLE BASE - STANDARD
SCALE: NTS SCALE: NTS CIVIL DETAILS

C7.02
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18.25"¢ BEEHIVE GRATE NEENAH
MODEL 2560 SERIES OR
APPROVED EQUAL

BOTTOM OF VEGETATED
INFILTRATION BASIN

7400 DD
L /000 ovw
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HINGED

GROWING <= COVER
MEDIUM

,[ COMPACTED SUBGRADE

SECTION

NOTES:
1. CONTRACTOR TO WIDEN EXCAVATION AS REQUIRED TO OBTAIN COMPACTION
WITH CONTRACTORS COMPACTION EQUIPMENT.

2. 10 GA STEEL PLATE, BITUMINOUS COATED BASIN AS MANUFACTURED BY
GIBSON STEEL, GRATEMASTER OR APPROVED EQUAL.

OVERFLOW INLET - TYPE 2

THIS DETAIL DRAWING SHALL NOT BE ALTERED OR CHANGED IN ANY MANNER EXCEPT BY THE CITY ENGINEER. IT IS THE RESPONSIBILITY OF THE USER TO ACQUIRE THE MOST CURRENT VERSION OF THE DETAIL.

REINFORCEMENT

PIPE
DIAMETER

USE CONCRETE HAVING A 28 DAY DESIGN STRENGTH OF 3300 PSL

OUTLET WING WALL SHALL BE USED FOR ALL OUTFALL PIPES FROM
10" TO 36",

THIS DETAIL REPRESENTS THE MINIMUM REQUIREMENT. THE NEED
FOR ADDITIONAL STEEL, A FOOTING AND DRAINAGE BEHIND THE WALL
SHALL BE INVESTIGATED BY THE DESIGN ENGINEER.

FOR PIPES LARGER THAN 33" OR MULTIPLE PIPE OUTLETS, USE
DETAIL WL-612.

CCONCRETE REINFORCEMENT SHALL CONSIST OF:
A) ADDING A POLY-FIBER MESH TO THE CONCRETE MIX OR

B) USE (2) #4 BARS ABOVE AND BELOW PIPE AND #4 BARS
AT 6" 0.C. VERTICALLY.

OUTLET HEADWALL
(FOR OUTLET PIPES OF
10" TO 33°)

ATEr
2010
GRAVING NG,
L-613

FILENG.

IA OR LARGER ORIFICE

PROVIDED MATERIAL SPECIFICATIONS
ARE MET AND FLANGE BOLT

ALTERNATES ARE ACCEPTABLE
PATTERN MATCHES.

THIS DETAIL DRAWING SHALL NOT BE ALTERED OR CHANGED IN ANY MANNER EXCEPT BY THE CITY ENGINEER. IT IS THE RESPONSIBILITY OF THE USER TO ACQUIRE THE MOST CURRENT VERSION OF THE DETALL.
~— GALVINIZED CHAIN AND
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LIFT HANDLE

SCALE: NT8

LIFT HANDLE SHALL BE ATTACHED PER
MANUFACTURER'S RECOMMENDATIONS.

ANGE AND GATE FLANGE,

CLEANOUT/SHEAR GATE

SCALE: NT8.

FLANGE MOUNTING BOLTS SHALL BE 3/8" DIAMETER STAINLESS STEEL.
6. ALTERNATE CLEANOUT/SHEAR GATES TO THE DESIGN SHOWN ARE ACCEPTABLE, PROVIDED THEY MEET THE MATERIAL SPECIFICATIONS

OR SOME OTHER DEVICE.

1. CLEANOUT/SHEAR GATE AND LIET HANDLE SHALL BE ALUMINUM ALLOY PER ASTM B-26-2G-32a.
. LIFT HANDLE EITHER SOLID OR TUBING WITH ADJUSTABLE HOOK AS REQUIRED.

7. GATE SHALL NOT OPEN BEYOND THE CLEAR OPENING BY LIMITED HINGE MOVEMENT, STOP TAB,

NOTE:

TY OF THE USER TO ACQUIRE THE MOST CURRENT VERSION OF THE DETAIL.

CLEANOUT/SHEAR GATE

rruf 2010
WESt
WL

[
1412
L

VARIABLE

b, |

ol s

33 38"

SECTION B-B SECTION A-A

55
“ 'SQ.EDGE FLATBARS |

246350,
'~ EDGE FLAT BARS

| SPACING 3 0.C——= | ..
14 1
25 Y

% BOTHENDS
ALLBARS
DITCH INLE’
NOTE:
S ANCHORS 1. CONCRETE STRENGTH SHALL BE 3300 PSl.
< o
2. CATCHBASIN, FRAME, AND GRATES SHALL
MEET H20 LOADING.
8 LT 3. INSIDE FRAME DIMENSIONS: 23 3",
2EACHEND 2812

4 CORNERS:
&

NOT!

!
e i STANDARD DITCH
8" CROSS BARS SHALL B FLUSH WITH THE GRATE SURFACE INLET
AND MAY BE FILLET WELDED, RESISTANGE WELDED O
ELEGTROFORGED TO BEARING BARS.

iUnnmm

THIS DETAIL DRAWING SHALL NOT BE ALTERED OR CHANGED IN ANY MANNER EXCEPT BY THE CITY ENGINEER, IT IS THE RESPONSIB

==
DITCH INLET FRAME 2010
.
wer o
mer [ v v o [ w600
(o e Jmw [z [ 5 [ 7]

7 SCALE: NTS

HEADWALL

5 SCALE: N.T.S.

ASI—

THIS DETAIL DRAWING SHALL NOT BE ALTERED OR CHANGED IN ANY MANNER EXCEPT BY THE CITY ENGINEER. IT IS THE RESPONSIBILITY OF THE USER TO ACQUIRE THE MOST CURRENT VERSION OF THE DETAIL.

THE NATIVE SOILIN THE TOP 18INCHES OF ALL STORM WATER PLANTERS SHALL BE AMENDED WITH A MIX OF ONE PART IMPORTED
ORGANIC GOMPOST AND ONE PART GRAVELLY SAND SUCH THAT THERE ARE EQUAL PARTS COMPOST, SAND AND NATIVE SOl Ti#s
YL REQUIRE THE STORMMWATER PLANTER AREA TO BE OV

L TH B SED FOR 75 PURFOSE AND INCLUDED ON THE PERWIT SLANS,
THE M SHALL BE THOROUGHLY TLLED TOGETHER ONSITE AND SHALL BC CAPABLE OF INFILTRATING WATERWITHIOUT PROLONGED
PONDING ON THE SURFACE, IF SUCH BE ADDED AND RE-TILLED UNTIL
INFILTRATION PERFORMANGE IS ENHANCED. A 24NCH LAYER OF SHREDDED BARK MULCH (NOT BARK DUST OR BARK CHIPS) SHALL

VER THE AMENDED SOIL AND BETWEEN THE PLANTINGS TO COMPLETELY COVER THE SOIL AND PREVENT EROSION OR WEED
INTRUSION.,

ORGANIC COMPOST
GRGANIC COMPOST SHALL HAVE THE FOLLOWING PROPERTIES:
100% SHALL PASS A INCH SCREEN.
PHBETWEEN 5.5 AND 7.0,

AND 3531 (3521 CN FOR NATIVE PLANTS,)

ORGANIC COMPOST MAY CONSIST OF THE FOLLOWING:
MUSHROOM COMPOST - THE USED BEDDING MATERIAL FROM COMMERCIAL MUSHROOM PRODUCTION,

COMPOSTED YARD DEBRIS - COMMERCIALLY MANUFACTURED MATERIAL, MADE FROM DEAD PLANT MATERIAL SUCH AS GRASS

WEEDS, GREEN AND DEAD DRY LEAVES, GARDEN AND VEGETABLE ATERIAL AND GROUND BRANGHES OF TREES
AND SHRUBS. FURNISH A PRODUCT LED AEROBIC , WITH THE INTERNAL
TEMPERATURE REAGHING 57-C 195'F) FOR 15 DATS. WITHOUT EXCREDING 65:C (1563 ENSURE VAT T GONTAIS A MAXMON
OF 10% BACTERIA AND 10% FUNGUS.

PEAT MOSS - HORTICULTURAL GRADE, NATURAL PEAT MOSS IN AIR-DRY CONDITION, FREE FROM WOODY SUBSTANCES, IN BALES.
OR BAGS LABELED FOR CONTENT AND VOLUME. ONLY PEAT MOSS USED OF THE ABOVE
ACCEPTABLE.

graveLy s
RAVELLY SAND SHALL BE FREE OF ORGANIC MATERIAL, CONTAMINANTS, AND HAZARDOUS MATERIALS. AND SHALL CONFORM TO THE
FOLLOWNG GRADATION:

U.S. SIEVE SIZE PERCENT PASSING
2ncH 100
F-NCH 70-100
HANCH 5080
NO.40 1540
NO.200 03

MIX COMPOST, SAND AND NATIVE SOIL TO A HOMOGENEOUS CONSISTENCY. DO NOT MIX COMPOST, SAND, AND NATIVE SOIL IN THE
RAIN OR WET CONDITIONS,

STORAGE
STORE STOCK PILES OF ORGANIC SOL UK IN AANNER THAT PREVENTS I FROM BECOMING WET FROM RAR, STORM WATE
WATERILS, ALL STOCKPIES OF

WEXED SONL MATERIAL SHALL BE PROTEGTED AND COVERED,

PLACEMENT
PLACE AMENDED SOIL MIX IN RAIN GARDEN: ANTERS IN LIFTS N 6 INCHES IN LOOSE THICKNESS.
AFTER ALL LIFTS HAVE BEEN PLACED, GRADE SOl TO FINSH GRADES AS SPECIFED ON THE PLANS, DONOT OVER COMPACT

‘SOIL MIX WITH MECHANICAL EQUIPMENT AFTER PLAGEMEN

MuLcH

'SHREDDED BARK MULCH (NOT BARK DUST OF BARK CHIPS) SHALL BE USED IN nix

D BETWEEN THE PLANTINGS 75 COMPLETELY COVER THE SOM AND PREVENT ERGSION OR WEED INTRUSION.

INFILTRATION TESTING

WET THE SURFAGE OF THE PLANTER WITH A SPE SE UNTIL SATURATED. SNALL RAN
BE TESTED FULL-SCALE, WHILE LARGE RAIN GARDENS AN

PLANTERS OR UTILZE ISOLATED FALLING HEAD TEST (INIMUM 2 PER 100 SQUARE FEET OF AREA) FILLTHE TESTG AREA TO.A
DEPTH OF 4INCHES AND TRAGK THE TIME IT TAKES TO COMPLETELY

'Y OF THE USER TO AGQUIRE THE MOST CURRENT VERSION OF THE DETAIL.

CLEANOUT/SHEAR GATE

SCALE: N.T.S.

2DORP

DORW
ENDWALL (TYPICAL)

2D OR 2W

2D OR 2W.

10 FT. MIN.

f

BY THE CITY ENGINEER. IT IS

DRAW DOWN. REPEAT TEST 3 TIMES. IF THE WATER IN ANY OF THE TEST
FALS TO DRAW DOWN INLESS THAN AN HOUR, ADD COMPOST AND

RPN ST v | SOIL AMENDMENT AND
MULCH SPECIFICATION

FILENO,

THIS DETAIL DRAWING SHALL NOT BE ALTERED OR CHANGED IN ANY MANNER

3D oRaw
s F

D= PIPE DIAMETER
W =BOTTOM WIDTH OF CHANNEL
P = WETTED PERIMETER OF CHANNEL

DESIGN
VELOGITY | CLASSIFICATION
FSEC
6-10 20188,
10-12 14 TON
12-14 127N
14-16 170N
16-18 270N

SELECTION OF RIP RAP
(SEE NOTE 1)

NOTE:
1. DIMENSIONS FOR RIP RAP APPLY TO FLOWS

<2 CFS RIP RAP FOR FLO\
33 Cra NUSY B DESIGNED BY AN ENGIN
FLOWS +20 755 SUALL USE ENERGY DISSIPATOR

2. TYPE OF RIPRAP

A, REGULAR QUARRY STONE CLASS 50-200
E. COBELE:

€. CONCRETE (ONLY ALLOWED UPON APPROVAL
OF THE CF

3. PLACEMENT

A MINIMUM DEPTH = 1 1/2 TIMES AVERAGE
STONE SiZe,

B. ROCKS SHALL BE PLACED TO PROVIDE A
NINIMUM OF VOIDS.

C. SURFAGE ROCKS OR CONCRETE SHALL
PROTRUDE AT LEAST 172 THEIR ERTICAL
DIMENSION,

D. RIP RAP IS TO BE PLACED OVE!
RATURAL BEDDING, OR 1Y MAY BE GROUTED
R PLACED OVER A GRAVEL BEDDING AS
REQUIRED BY THE CITY.

STANDARD DITCH INLET
TYPE 2

1 SCALE: N.T.S.

STORM SEWER OUTFALL

THIS DETAI DRAWING SHALL NOT BE ALTERED OR CHANGED IN ANY MANNER EXCEPT BY THE CITY ENGINEER. IT IS THE RESPONSIBILITY OF THE USER TO ACQUIRE THE MOST CURRENT VERSION OF THE DETAIL.
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Appendix B

* Hydrologic Analysis
e Geosynthetic Clay Liner Specifications

Sunset Primary School | KPFF Consulting Engineers
STORMWATER DRAINAGE REPORT



Calculation Spreadsheet: Sunset Primary School
KPFF Job #: 315087

1 Summary Designer: AC
Appendix B Check Engineer: MJ
ASSUMPTIONS

SBUH Method Assumptions:
(used for water quality and detention sizing)

2-year Storm Event = 2.5 in/24-hours
5-year Storm Event = 3.0 in/24-hours Per 2006 City of West Linn Surface
10-year Storm Event= 3.4 in/24-hours Water Management Plan
25-year Storm Event= 3.9 in/24-hours

Roughness Coefficient = 0.013

Curve Number (CN):

Impervious Area = 98 Impervious Per Technical Release 55
Pervious Area = 74 Type C Soils:Good Table 2-2a
Pre Developed Area = 76 Type C Soils: Fair Table 2-2¢

Rational Method Assumptions:
(used for conveyance pipe sizing)

Rainfall Intensity (1)

25-year Storm Event = 3.9 in/hr Per ODOT Hydraulics Manual, Ch 7,

Appendix A
Runoff Coefficient (C)

Impervious Area = 0.9 Per ODOT Hydraulics Manual, Ch 7,
Pervious Area 0.25 Appendix F

Updated 6/27/2016 1
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Detention Facility Design

Bottom of Detention Facility modeled at bottom elevation = 0.00-ft

Calculation Spreadsheet:

Summary
Appendix B

Facility is a Flat Bottom amoeba shape with 3:1 side slopes

Sunset Primary School
KPFF Job #: 315087
Designer: AC

Check Engineer: MJ

Facility Max
Pre Developed Q Post Developed Q Undeveloped Q Depth (ft)
2yr 0.40 2yr 0.28 0.11 2.46
5yr 0.70 Syr 0.47 0.20 2.74
10yr 0.97 10yr 0.66 0.27 2.89
25yr 1.35 25yr 0.94 0.38 3.1
100yr 1.84 100yr 3.30

Flow Control Design

Bottom of Detention Facility modeled at bottom elevation = 0.00-ft

Facility is a Flat Bottom amoeba shape with 3:1 side slopes

Description IE (ft) Size (in) IE Crown (ft)
Orifice 1 |Bottom of Tee -4 2.625
Orifice 2 |On Side of Tee 2.5 6.25 3.02
Orifice 3 |Overflow on Top of Tee 3.15 12
Facility Storage Volume
(Depth Oft = Elev 535"
Storage curve data
Storage data type: | Depth vz, Area
Depth Area Yalumne -
(] [fE] 1]
1 3445 0.000
2 1 44273 3934.00
3 2 R458 8874.50
4 3 A543 14872.00
5 4 7EBS7 22001.00
B -

Updated 6/27/2016
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Appendix B

Pre Developed Condition Properties

Lubbazing | 53 |
General Caonnectivity -
Subbasin ID: BASINT Rain gage: | Rain Gage-01 (]

Outlet node: ’ FRE v ]

Dezcription;

Phyzical Properties

SC5 TR-BR TOC

Physzical propertiesz
brea:

Impervious area
Area:

FPervious area
Curve number:

27 3556.0000 fE
500
0.5

25

7B

YWieighted curve number. 76 E]
0oma
Curve number: 33 D

[] Time of concertration, 29.08

0.1

Basin area of 273556 sf
assumed all pervious
with CN =76




Appendix B
Pre Developed Time of Concentration

SCS TR-55 Time of Concentration Computations Report

Sheet Flow Equation

Tec = (0.007 * ((n * Lf)*0.8)) / (PA0.5) * (Sf*0.4) )

Where:

Tc = Time of Concentration (hrs)
n = Manning's Roughness

Lf = Flow Length (ft)

P =2yr, 24 hr Rainfall (inches)
Sf = Slope (ft/ft)

Shallow Concentrated Flow Equation

=7.0 * (Sf0.5) (short grass pasture surface)
= 5.0 * (§f0.5) (woodland surface)

= 2.5 * (Sf0.5) (forest w/heavy litter surface)
Tc = (Lf/ V) / (3600 sec/hr)

V =16.1345 * (Sf*0.5) (unpaved surface)

V =20.3282 * (Sf*0.5) (paved surface)

V =15.0 * (Sf*0.5) (grassed waterway surface)

V =10.0 * (Sf*0.5) (nearly bare & untilled surfac e)
V =9.0 * (Sf*0.5) (cultivated straight rows surfa ce)
\Y

\Y

\Y

Where:

Tc = Time of Concentration (hrs)
Lf = Flow Length (ft)

V = Velocity (ft/sec)

Sf = Slope (ft/ft)

Channel Flow Equation

V =(1.49 * (RN2/3)) * (Sf~0.5)) /' n
R =Aq/Wp
Tc = (Lf/ V) / (3600 sec/hr)

Where:

Tc = Time of Concentration (hrs)
Lf = Flow Length (ft)



Appendix B
Pre Developed Time of Concentration

R = Hydraulic Radius (ft)
Aq = Flow Area (ft?)

Wp = Wetted Perimeter (ft)
V = Velocity (ft/sec)

Sf = Slope (ft/ft)

n = Manning's Roughness

Subbasin BASIN1

Sheet Flow Computations

- Subarea A
Manning's Roughness: 0.4

Flow Length (ft): 300

Slope (%): 5.67

2 yr, 24 hr Rainfall (in): 2.65
Velocity (ft/sec): 0.13
Computed Flow Time (minutes): 37.46
Shallow Concentrated Flow Computations

- Subarea A
Flow Length (ft): 163

Slope (%): 5.67

Surface Type:
Velocity (ft/sec):

Computed Flow Time (minutes):

Total TOC (minutes):

Grass pasture
1.67
1.63



Appendix B
Undeveloped Time of Concentration

SCS TR-55 Time of Concentration Computations Report

Sheet Flow Equation

Tec = (0.007 * ((n * Lf)*0.8)) / (PA0.5) * (Sf*0.4) )

Where:

Tc = Time of Concentration (hrs)
n = Manning's Roughness

Lf = Flow Length (ft)

P =2yr, 24 hr Rainfall (inches)
Sf = Slope (ft/ft)

Shallow Concentrated Flow Equation

=7.0 * (Sf0.5) (short grass pasture surface)
= 5.0 * (§f0.5) (woodland surface)

= 2.5 * (Sf0.5) (forest w/heavy litter surface)
Tc = (Lf/ V) / (3600 sec/hr)

V =16.1345 * (Sf*0.5) (unpaved surface)

V =20.3282 * (Sf*0.5) (paved surface)

V =15.0 * (Sf*0.5) (grassed waterway surface)

V =10.0 * (Sf*0.5) (nearly bare & untilled surfac e)
V =9.0 * (Sf*0.5) (cultivated straight rows surfa ce)
\Y

\Y

\Y

Where:

Tc = Time of Concentration (hrs)
Lf = Flow Length (ft)

V = Velocity (ft/sec)

Sf = Slope (ft/ft)

Channel Flow Equation

V =(1.49 * (RN2/3)) * (Sf~0.5)) /' n
R =Aq/Wp
Tc = (Lf/ V) / (3600 sec/hr)

Where:

Tc = Time of Concentration (hrs)
Lf = Flow Length (ft)



Appendix B

Undeveloped Time of Concentration

R = Hydraulic Radius (ft)
Aq = Flow Area (ft?)

Wp = Wetted Perimeter (ft)
V = Velocity (ft/sec)

Sf = Slope (ft/ft)

n = Manning's Roughness

Subbasin Undeveloped

Sheet Flow Computations

Manning's Roughness:

Flow Length (ft):

Slope (%):

2 yr, 24 hr Rainfall (in):

Velocity (ft/sec):

Computed Flow Time (minutes):

Total TOC (minutes):

Proposed Developed site assumed
minimum time of concentration of 5
minutes for conservative design

Subarea A
0.4

154

11

2.65

0.15

16.86
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%5 UNDEVELOPED FLOW LINE

File: N:\c\p\2015\315087—Sun

LK

\ \ 3as | l' e

I NP
=CC “F ?\‘H\j?ﬂ\‘ } g,,n i ,gl‘f“:uAA — E: B
:\ C T ‘ \‘u’ i L0 :;-‘1 "1:_1“_,- : ':-:T-_

PRE DEVELOPED TIME OF

i—=——u_"" CONCENTRATION FLOW PATH

SUNSET PRIMARY
SCHOOL

APPENDIX B

m By: achung



Appendix B
2 YR PRE, POST, and Undeveloped
DISCHARGE (CFS)

Time Series Plot k& Plan Viey Time Series Plot [£3
(= 20160525-MDL-POMD-2 2016-08-27 1346
» ) Subbasins
4. Modes
4 L&_ Tatal Inflow — Total Inflow: Mode - PRE (20160525-MDL-PORD-2 2016-06-27 13:46:54)
~E® FosT
— Total Inflow: Mode - Uncey. (20160525-MDL-POND-2 201 6-06-27 13:46:54)
040
A Lateral Inflow
il Depth 035
i) Head '
Agr Flooding
AV Valume
~W Efiltation 030
A Catchbasin Flow
i} Catchbasin Depth
i) Catchbasin WSEL =
» 0 Links 502
» 1) System E
=
=
™ 020
k=1
=
01s
010
ons
o.0o T T T T T T T T T T T
< i ] » o 2 4 ] g 10 12 14 16 13 20 22
Outfall: Undey. [T otal Inflov)] B —
20M60525-MDL-FOND-2 PRE—0_4O CFS ‘
Time (hig] Total Inflow [cfs] = /
0.0028 o4
oo 0 POST=0.28 CFS
0.0033 1}
Lo v Ui it Element ID PRE | #posv | Alnder,
0.mza a From: 04/28/2015, 12.00.00 b Mavimum Total Inflow cfs) 040V 0,280 01— U d _O 1 1 C FS
iy 0 To 04/29/2015.1200:00 A M Toanawies). 000 o0 oo ——— U NCOEV.=U,
0.0194 o Event Mean Total Inflow [cfs] 0,18 0.z21 004
0.0222 1} Threshalds Duration of Excesdances [hrs] Mia MiA A
005 i Exceedance: 0 Duration of Deficiks [hes) A 1A A
0.0270 o me [ Nuvberof Excesdances  MiA  NA MA
0.0308 1] MNuraber of Deficits MiA MiA MN/A
o 0.0333 0~ Detention storage Wolume of Exceedance (] MfA HiA L]
« ]
[ Masfowr D “olume of Deficit [fF] MfA N /A
Total Inflow Yolume (fE] 15356.63 1822764 3172.81
| LS| Detention Storage [fF] mfa A A




Appendix B
2 YR POST VOLUME

Time Series Plot « Planviey ~ Time SeriesFlot [E3
I 201B0525-MDL-POND -2 2016-06-27 13451
5 030 Subbasins
443 Modes
4 iA Tatal Inflawe C7 Wolume: Mocde - Stor-02 (201 B0525-MDL-POND-2 2016-06-27 13546 54))
-C]@) POST
- D ouT-10 12500
-4 PRE 12000
~[JEd Undev 11500
-~ Stor02 11800
A Lateral Inflow
& Depth 10500
) Head 10000
~-gA Flooding 9500
4 -AF Volume Q000
Do POST 500
-[JBdq ouT-10
D FRE 8000
D Unde. 7500
- Stor-02 Z om
-+ W+ Efiltiation @
> 6500
A, Catchbasin Flow S £000
i) Catchbasin Depth £
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>+ Links 5000
>3 System 4500
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0.0028 oL
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0.0053 0 olume summary | able
00111 0 Time period Element ID Stor-02
00139 o From: [4/28/2015, 12:00:00 AM Mazimum Yolume (1] 1147119 —
0.0ME7 1} i
" e Minirurn % alume [fR] 0.00
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0.0134 o Event Mean Volume [fF] 7E90.63 MAX VO L U M E —
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0.0306 a Murmber of Deficits Mia
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2yr Storage Node Results

&

Storage Modes

General

Storage node 1D Stor-02

Description:

Flaw properties
Extemal inflows; MO

Treatments: MO
WISEL initial; 1]
Fonded area: 1]

Evaporation loss:

Phuyzsical properties
[Fvert elevation: 0

b asirurn eles.;

Starage shape

Type:

EJE]

ft
ft=

Storage curve:

Storage Curve -

1.0

Starage-01 - ]E]

E wfiltration
Type 0
@ Mo exfilration
(0 Ak sl elevations
7 Above elew; |0
Analysiz surmmary
bl am water depth: 246 ft Feak infloo: 1.86 cfz
b aw water elevation; 246 ft t ax flooded overflow: 0.00 cfs
Total flooded wol; 0 ac-in - Total time flooded: 1] ik
0 [revet bl & WSEL | Ponded Storage E «filtration
Elew. Elew. Initial Area Type
1 0 4] 0 1] Storage Curve Mo exfiltration

Delete

S hiowy

III i

Hepart

Cloze

i

Help




General

Orifice |0 00z2-'R

Drezcription:

Froperties

Type: [ B attorm - ] Diameter: 263
Shape; [ Circular - ] Witk 0.00
Opendcloze hime: [ bz Crest Elew: -4

[ "] Flap gate Orifice coeff.: 0.614
Analyziz summary

Feak. flow: 0.28 cls

Time of max occurence; 0 17:54 dayz hh:mm

Orifice (D

5-28-7R

| General

Drezcriphion:

Properties

Type: [Side

- l Cliameter; 6.25

Shape; [Eircular

i

- ] width: 0.00

Open/cloze ime: 0
[ ] Flap gate

Analysiz surmmary

buz  CrestElev.. 2.5

i
it

Orifice coeff.: 0.614

Peak flaw: 0.00

Time of max occurrence; 0 00:00

e

(-]

9-25yr

cfs
dayz hh:ﬁ

0.00 cfs

Gerneral
| Orifice 1D 100k
D ezcription: -
Froperties
Type: [ Biattarm - ] Diamneter: 12.00 i
Shape: [ Circular - ] Width: Q.00 | in
Open/cloze time: 0 hrz  CrestElev: 315 ft
[ | Flap gate Orifice coeff: 0614 E]
Analpziz summary
Peak flow; 0.00 cfs é 100yr

Tirme af max occurrence: 0 00:00

-

danz hk:rmn

0.00 cfs




Time Series Plot
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Appendix B
5 YR PRE, POST, and Undeveloped
DISCHARGE (CFS)

— Total Inflaw: Mode - Undey, (20160525-MOL-POND-2 2016-06-27 13:49:50)

[— Total Inflow: Mode - PRE (201 60525-MDL-POMD-2 2016-06-27 13.49:50) J

oo

04/28/2015,12:00:00 AM
04/23/2015,12:00:00 AM

Exceedance: 0

Deficit:

0

Detention storage

Pl Flowr

0

JPRE=0.70 CFS | ‘

Time (hrs)

POST=0.47 CFS]

Total Inflow Summary Table

Element |0 PRE ‘% POST %Ddél
Mazimurn Total Inflow [cfs] 0.70 0.47 L7020 =
Minirurn Total Inflow [cfs] 0.00 0.00 0.00 T ‘ U n d ev :O 20 C F S ‘

Ewvent Mean Total Inflow [cfs] 0,26 0.28 0.05

Duration of Exceedances [hrs) Mi& MjA &
Duration of Deficits [hrs) HiA NjA s
MHumbes of Exceedances HiA NjA s
Humbes of Deficits HiA NjA s
Wolume of Exceedance (] HfA 13 S
Yalume of Deficit [IF] HiA 13 S

Total Inflow Yolume [fF) 22501,88 24567.71 4642.49
Detention Storage [fF) Mia MiA [T




Time Series Plot
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Appendix B
5 YR POST VOLUME

Storage Mode: Stor-02 [Yolume)
20M60525-MDL-POND-2

Time [hrs]
0.0028
0.0056
0.0033
oo
0.0139
00167
00134
0.0z2z2

0.025
n.0zve
0.0208
0.0333

“Yolume [fF] -

Toooooooooooo

h 2
!
e

14500
14000
13500
13000
12500
12000
11500
11000
10500
10000
9500
Q000
as00
3000
7500
Too0
6500
GO00
5500
5000
4500
4000
3500
3000
2500
2000
1500
‘1000
s00

Yolume (ft9)

Time period
04/28/2015, 12:00:00 44
To: 04/23/2015, 12:00:00 44

From:

Thresholds
Exceedance: 0

Deficit: 1]

Detention storage
il

Dwration of Exceedances [hrs] Mfa

Dration of Deficits (hrs] MiA
MNumber of Exceedances Mfa
Mumber of Deficits MiA

T
10 12 14

2 4 ] &
Tirne (hrs)
MAX VOLUME =
/ﬁ
Element ID Stor-02 _— — 131221'89 CU FT
b s Walume (fE] 13221.89 é
Minirum Volume [fE] 0.00
Ewvent Mean Yolume [ff) §332.07

(— Walume: Mode - Stor-02 (20160525-MDL-PORD-2 201 6-06-27 13:49:50])




5yr Storage Node Results

1

General Physical properties
Storage niode 10 Star-02 Invyert elelf:-'atl?nn: 1 ft
b axirmurn elev.: B ft

Dezcrphion: -~
Flow properties Storage shape
Esternal inflowes: MO E] Type: Storage Curve -
Treatrments: MO E] Corstart area: (0 i
WSEL initial: 0 ft Coefficient: 1.0
Fonded area: a fE E xponent: a
Evaporation logs: 0 Storage curve: | Storage-01 ']B
E xfiltration

;:prj.:. eufitration E sfiltration rate: 0 .| indhr

1 At all elevations

[ Above elev: 0 ft
Bnalyzis summary
b ax water depth: 274 ft Feak. inflow: 237 cfz
Max water elevation: 2.74 ft tax flooded overflow: 0.00 cfs
Total flooded wal.: 0 ac-in  Total time flooded: 0 min

[ [Fivvert b ax. WSEL | Ponded Starage E xfiltratian
Elew. Elew. [ rikial Area Type

1 a al 1] a Starage Curve | Mo exfiltration

Cloze

i

Help




General

| Orifice D 002-vR
Deszcription: -
Fropertiez
Type: [ Battam - ] Diarneter: 263 it
Shape: [ Circular - ] Width: .00 | i
Opendcloge time: 0 hrz  CrestElev: -4 ft
[ Flap gate Orifice coeff.; 0.674 E]
Analpgiz zurnrnary
FPeak flow: 030 cfz
Time of max occurrence: 0 11:37 dayzs hh:mm

2yr
0.30 cfs

General

| Orifice [0 5-25-R
Description: a
Froperties
Tupe: | Side | Diameter 525 i
Shape: [Eircular v] idth: in
Opendcloze time: 0 hrg  CrestElev.: 2.5 ft
[] Flap gate Orifice coeff.; 0614 E]

Analyziz summany

Peak. flow: 017

Time of maw occurence: 0 11:37

5-25yr

cfz

é

davz hh:rm

General

e

["] Flap gate

Analysiz summary

Peal: flow: 0.o0

Tire aof max occurrence: 0 00:00

Cannechivity

Orifice 10 100-YR

Dezcription: -
Froperties

Type: [ Biottom - ] Diameter: 12.00 i
Shape: [ Circular - ] "Width: i
Opendclose time: 0 hre  CrestElev.: 315 ft

Orifice coeff.: 0.614

cis é

0.17 cfs

100yr

daysz hh:mm

0.00 cfs

Frorm [inlet]: [ Shar-02

v“Swap] lhwert elew: 0 ft
To [outlet]: [F'EIST

)

Irvert elew.: 0 ft




Appendix B
10 YR PRE, POST, and Undeveloped
DISCHARGE (CFS)

Time Series Plot « Plan Viey'  Time Series Plot [EJ)

3 201E0525-MDL-POND-2 2016-08-27 13530
» I Subhasine

47 Modes

Fp Tatal Inflow
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025 4
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0.o0 T T T
< n ] » o 2 4 =]

Outfall: Undey. [Tatal Infow) @
20ME0525-MOL-POMD-2
Time [hrg]
0.0028
0.0056
0.0083

PRE=0.97 CFS [ = -
POST=0.66 CFS]

Total Inflow [cfs) | =

'Undev.=0.27 CFS |

omi
00133
0.0e7
00134
n0zzz2

0.025
00273
0.0306
0.0333

Time periad

Element |0 PRE
b i Tatal Inflow [cfs) 0.9
inirurn Tatal Inflow [cfs) 0.00 0.00 0.00
Event Mean Tatal Inflow [cfs] 0.33 0.35 0.07
Threshalds Diwration of Exceedances [hrs] M/a Mja VI
Exceedance: 0 Diwration of Deficits [hrs) M/ Mf& NiA
il Murnber of Exceedances I/, Mja VI
Murnber of Deficits ] Mja VI
“olume of Exceedance [fE] M)\ Mja VI
“olume of Deficit [ft] I/, Mja VI
Total Inflow Yolume [fE] Z8712.48 3046564 5219.01
Detention Storage [ftF) VI VI VI

Posv/ Undev. /

From: 0442842015, 12:00:00 &M 0.66 0,27

To 04/29/20015, 12:00:00 Ak

T =

Deficit:

=
=

1

=

Detention storage

bl flov: 0

Toooooooooooo

o

=

b 2
=
I
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> A0 System
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20E0525-MDL-POND-2
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0.0028
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oo
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Appendix B
10 YR POST VOLUME

(— “olume: Mode - Stor-02 (201 60525-MDL-POND-2 201 6-06-27 1 B'SS'DE))

Time period

Frarn: 04/28/2015, 12:00:00 At
To: 04/23/2015, 120000 A
Thresholds

Erceedance: 0

Deficit: 1]

Detention storage
il

T
2 4 B g 10 12 14 16 18 20 22

Tirne (hrs)

Yolume Summary Table

Element ID Stor-02

b &ximum Y olume: [F2] 14189.27
binimum Yalume [f) 0.00
Event Mean Yalume [fE] 9517.07
Duration of Exceedances (hrs] M/A

Duration of Deficits [hrs) MfA
Mumber of Exceedances Mf&
Mumber of Deficits MfA

MAX VOLUME =
14,189.27 CU FT




10yr Storage Node Results

General

Starage nade [D: Stor-02

D escription;

Flow properties
Esternal infloses; MO

Treatments: HO
WSEL initial: 1]
Fonded area: 1]

Evaporation logs; O

Phuyzical properties
[Fvert elessation: 0

M amimum eleyv: &

Starage shape

-

Delete
S by
Report

—_
—_

D Type: Starage Curve
D Conztant area; |0

ft Coefficient: 1.0

fE E uponent: 0

Storage curve: | Starage-01

E «filtration
T_'Irlpe o E sfilbration rate; 1] | indhr
@ Mo exfiltration
(1 At all elevations
) Above elev.: |0 ft
Analysis summary
b ax water depth: 284 ft Peal: inflow: 280 cfz
M ax weater elevation; 2.33 ft M ax flooded overflow: 0,00 cfs
Total flooded wol: 0O ac-in - Total time flooded: 1] ik
o< [revert T WS5EL |Ponded Starage E «filtration
Elew. Elew. [nitial Brea Type
1 1] h 1] 0 Storage Curve | Mo exfiltration

Cloze

i

Help




General
Orifice 10 n02-vR

D escription: -

Froperties

Type: [ Battom - ] Diarneter; 263 in

Shape: ’ Circular - ] Wfidth: 0.00 | it

Open/cloze time: 0 hre  Crest Elev: -4 ft

[ Flap gate Orifice coeff.: 0614

Analyziz summary 2yl’

Feak. flow: 0.31 cfs é O . 3 1 CfS
Tirne of max occurence: 0 1016 dayz hk:mn

General
Orifice 1D: 5-28R

Dezcrption: -

Properties

Type: ’ Side - ] Diameter: B.25 it

Shape: ’ Circular - ] Width: Qoo | it

Opendclogze time: hrz  CrestElev: 25 ft

[| Flap gate Orifice coeff.: 0674 E]

Analyziz zummary

Peak flow: 0.3 fs 5-25yr
Time of max occurence; 0 1016 dauz hh:rmm 035 CfS

aeneral r

Orifice (D 100-R

Drezcription: -
Properties

Type: [ Battam - ] Diameter: 12.00 in
Shape: [ Circular - ] Width: 0.0 | i
Opendcloze time: 0 hrz  CrestElev.: 315 ft
[ Flap gate Orifice coeff.: 0.614 E]

Analysiz surmmary
Peak flow: 0.00 ofs < 100yr
0.00 cfs

Tirne of max ocourrence: 0 00:00 davz hh:mm
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Appendix B

25 YR PRE, POST, and Undeveloped

DISCHARGE (CFS)

[— Taotal Intlowy: Mode - PRE (20160525-MDL-POMD-2 2016-06-27 13:57:32) ]

— Total Inflow: Mode - Uneley . (20160525-MDL-POND-2 2016-06-27 13:57:32)

Flan Viey Time Series Plot [
1.50
1.25
1.00
)
REA
E3
=
=075
™
k=]
=
0.50
025
0.00
0
Time period
From: 04/28/2015, 12:00:00 &M
To: 04/23/2015, 12:00:00 AM
Threshalds

Exceedance: 0

Deficit: o

Detention storage

Max Ao o

\
\

Element | P\\RE/

b asimum Tatal Inflow (cfs] 1.35

Minimumn T otal [nflow (cks) 0,00
Ewvent Mean Total Inflow (cfs] 0,43
Duration of Exceedances [hrs) H/A
Duration of Deficits (hrs] /A
Mumber of Exceedances /A
Mumber of Deficits /A
Wolume of Exceedance [fF)  M/A
Wolume of Deficit [fE] MiA
Total Inflows Yalurme [ft) 36959.85
Detention Storage [f&) VL

' IPRE=1.35 CFS

14

~—|POST=0.94 CFS |

Total Inflow Summary Table

i
posT)” Undev,
0 038

000 0.0\

e o Undev.=0.38 CFS |
NE MR

NE MR

NE MR

NE MR

Ty NiA

38106.79 TR13.28

Njn A



Appendix B
25 YR POST VOLUME

Time Series Plot « Flan Viey Time Series Plot [E3
3 207B0525-MDL-POND-2 2016-06-27 13570
> 43 Subbasing
44 Nodes
4 Tatsl Inflow (— “olume: Mode - Stor-02 (201 50525-MDL-PORND-2 201570572713:5?:32))
-C0@ rost
D ouT-10 17000
-4 PRE
EI U 16000
O Stor-02 15000
{L Lateral Inflow
i} Depth 14000
ﬂ Head
> g Floading 13000
4 AV Volume
DQ POST 12000
‘LI ouTn 11000
-0
-CIR Undew 10000
B Stor-02 =
- Exfiltration @ 8000
- {L Catchbaszin Flow g
il Catchbasin Depth 2 8000
il CatchbasinWSEL
-4 Links 000
- A3 Spstem 6000
5000
4000
3000
2000
1000
o T T T T T T T T T T T
4 | [} 3 o 2 4 5} 8 10 12 14 16 18 20 22
Storage Mode: Stor-02 [Molume] E Time (hrs)
20160525 MDL-POND-2
Time [hrs) Yolume [ft) =
0.0028 [
0.0055 10| [0 ssssssssssssssssssssssssssssssssssssssssssss——————— -
0.0083 0 WYolume Summary Table
00111 1] Time period Element [ Stor-02
gg: g? g From: 04/28/2015, 12:00:00 AM Masimum Yolume (] 15607.06
‘ To 04/29/2015, 12.00:00 41 biiipum ol ime; {5) B \N
0.0154 0 Ewent Mean Yolume [fF] 10150.25
0.0222 1] Thresholds Duration of Erkceedances (hrs) Njs
0025 1] Exceedance: 0 Duration of Deficits [hrs)] A
0.0278 1} MNumber of Exceedances Mf& —_—
Deficit: 1}
0.0308 1] MNumber of Deficite 15 MAX VO L U M E -
0.0333 [T Detention storage
d » - 15,607.06 CU FT
| SR




25yr Storage Node Results

i

Gerneral Physical properties
Storage node [0 Stor-02 Invyert eleiagnn: 0 ft
M axirum eley.; 5 ft

D escription: -
Flow properties Storage shape
External inflows; MO E] Tupe: Storage Curve -
Treatments: MO E] Constant area; (0 ft=
WSEL inttial: 0 ft Coefficient: 1.0
Ponded area: 1 f E sponent; 1]
Evaporation losz: 0 Storage curve: | Storage-01 v]D
E «filtration

I;;;prju eufilration E =filtraticr rate: 0 . [ indhr

() At all elevations

[ Aboveelev: |0 ft
Analysis zummary
b ax water depth: 31 ft Feal:. inflow: 335 cfg
M ax water elevation: 3.11 ft Max flooded overflow: 0.00 cfs
Total flooded wal: 0 ac-n  Total time flooded: 0 ik

o [t ERS W5EL | Ponded Starage E =filtration
Elew. Elew. [riitial Area Type

1 0 ] 1] 1] Starage Curve Mo exfiltration

Cloze

li

Help




General

2yr

DOrifice 10 o0z2-vA

Description: -
Froperties

Type: [ Boattam - ] Diameter: 2E3 in
Shape: [ Circular - ] fidth: .00 | i
Opendcloze time: 0 hrz  CrestElev.: -4 ft
[| Flap gate Orifice coeff.: 0.614 E]
Analyziz zummary

Peak flows: 032 cfs

Time of max occurrence: 0 09:22 dayz hh:mm

0.32 cfs

5-25yr

General

Orifice 10 5-28-7R

D' escription: =
Froperties

Tupe: | Side ~|  Diameter 525 i
Shape: [ Circular - ] Wit Q.00 | it
Opendclose time:; 0 hre  CrestElev.: 25 ft
[] Flap gate Orifice coeff.: 0.614 E]
Analyzis surmary

Peak flow: 062 .:fs<

Time of max occurrence: 0 09:22

daysz hh:rmm

0.62 cfs

General

Orifice 10 100-+R

Description; &
Froperties

Type: [ Biattarm - ] Diameter: 1200 in
Shape: [ Circular - ] Width: .00 | it
Opendcloze time: O brg  Crest Elev.: 315 fk
[ Flap gate Orifice coeff.: 0.614 E]
Analysis surnrnary

Peak flow: 0.00 cfs é

Time of max occurence: 0 00:00

days hhmm

100yr
0.00 cfs




100yr Storage Node Results

1

General Phypzsical properties
Storage node D Star-02 Im-'yert eleiaglun: 1] ft
Mawimum eley.: 5 ft

Description: "
Flow properties Storage zhape
Euternal inflows; MO E] Type: Storage Curve -
Treatrnents: MO E] Constant area: |0 i
WSEL irtial: 1] ft Coefficient: 1.0
Ponded area: 1] f E sponent: 1]
Evaparation logs: O Storage curve: | Starage-01 ']E]
E =filtration

|;;:prjn =sfilration E =filtration rate: 1] .. | inhr

(1 At all elevations

[ Above elev: 0 ft
Analyzis summan
bl @ weater depth: 3.30 ft Feak inflow: 402 cfs
Max water elevation: 3,30 ft M ax flooded overflow: 0.00 cfs
Total flooded wol: O ac-in - Total time flooded: 1] i

I [t b & WwWSEL | Ponded Starage E sfiltration
Elew. Elew. [ritial Area Type

1 1 4] 1] 1] Storage Curve | Ma esfiltration

Cloze

Help

di




Project Name:

Presumptive Approach Calculator ver. 1.2

Sunset Primary School

Catchment Data

Catchment ID: 1

Date: 06/08/16

Permit Number:

Run Time

Project Address: 2531 Oxford St.
West Linn, OR

Designer: Andrew Chung

Company: KPFF

Drainage Catchment Information

Catchment ID

1

Catchment Area

Impervious Area 128,000|SF Catchment Area Exceeds 1 Acre
Impervious Area 2.94|ac
Impervious Area Curve Number, CNiy, 98
Time of Concentration, Tc, minutes 5|min.
Site Soils & Infiltration Testing Data

Infiltration Testing Procedure: | Open Pit Falling Head
Native Soil Field Tested Infiltration Rate (lis): 3|in/hr
Bottom of Facility Meets Required Separation From

High Groundwater Per BES SWMM Section 1.4: Yes
Correction Factor Component

CFest (ranges from 1 to 3) 2
Design Infiltration Rates

lysgn fOr Native (list / CFiegy): 1.50|in/hr
lysgn fOr Imported Growing Medium: 2.00}in/hr

Execute SBUH

SBUH Results Peak Rate  Volume
cfs (cf)
—FPR
3.5000 2-yr
3.0000 m — syr
2.5000 h —10-yr
2.0000 + !\ ——25yr
@ 15000
Ch
2 1.0000
T
0.5000
0.0000 -
(] o o o o o o o o o o o o
N <t © [ce) o N < © (0] o A <
-0.5000 — - I3 ™ < © ~ © & S S & 3
Time (min.)

Printed: 6/8/2016 9:16 AM




Project Name: Sunset Primary School

Presumptive Approach Calculator ver. 1.2

Run Time
Catchment ID: 1

Instructions:

1. Identify which Stormwater Hierarchy Category the facility.

2. Select Facility Type.

3. Identify facility shape of surface facility to more accurately estimate surface volume, except for Swales

and sloped planters that use the PAC Sloped Facility Worksheet to enter data.

4. Select type of facility configuration.

5. Complete data entry for all highlighted cells.

Catchment facility will meet Hierarchy Category:
Goal Summary:

Hierarchy RESULTS box below needs to display. ..
Iwr'ln Y SWMM Requirement
Category Pollution 10-yr (aka disposal) as a
Reduction as a
3 Off-site flow to dramagewrayl river, or storm-only pipe PASS N/A
system.
Facility Type = Basin
Facility Shape: Amoeba Facility Configuration: D
Storage Depth 1 PLANTER e— | —-ZASIN/ D

Facility Bottom

Side Slope —

Bottom “=
Perimeter
Length (Pin)

DATA FOR ABOVE GRADE STORAGE COMPONENT

Facility Bottom Area= 3,445 sf
Bottom Perimeter Length = 316.0 ft

Facility Side Slope = 3 to1
Storage Depth 1 = 6 in
Growing Medium Depth = 18 in
Freeboard Depth = 12 in

Surface Capacity at Depth1= 1,960 cf
Infiltration Area at 75% Depth1=__ 4,156 SF

GM Design Infiltration Rate=  2.00 in/hr
Infiltration Capacity= 0.192 cfs

Storage Depth 1

Facility
Bottom Area | - GM Depth

Waterproof
GROWING MEDIUM

Liner
_ _ROCK jJ
e

T

Overflow

~Rock Storage Depth

BELOW GRADE STORAGE

Rock Storage Capacity =

Native Design Infiltration Rate =
Infiltration Capacity =

Overflow
RESULTS Volume

Output File

Pollution

Reduction | PASS | OCF _26% Surf. Cap. Used Sl
2-yr 5-yr 10-yr 25-yr

Peakcfsl 1.807 | 2.207 |2.605| 3.002 |

FACILITY FACTS

Total Facility Area Including Freeboard = 4,867 SF
Sizing Ratio (Total Facility Area / Catchment Area) = 0.038

Printed: 6/8/2016 9:18 AM

Facility Design Data

Catchment ID:II'

6/8/2016

Calculation Guide

Max. Rock Stor.
Bottom Area
4,393 SF

cf

in/hr
cfs



kptt

Basin Calcs

Proposed | Proposed Storm Pipe Size | Pipe Q
Total Area Total Pervious | Impervious | Impervious Interval Time of Intensity Pipe Size | Design Design | Pipe Cap,
Basin (sf) Area (ac) (sf) (sf) C Pervious C | Adjusted C (yr) Conc. (min) [ (in/hr) Q (cfs) Calc (in) (in) (cfs) Used (%)

1 20068 0.46 7023.8 13044.2 0.9 0.25 0.67 100 5.00 3.45 1.069 8 8 1.7088 63%

9435 0.22 1415.25 8019.75 0.9 0.25 0.80 100 5.00 3.45 0.600 6 8 1.7088 35%
3 29456 0.68 23564.8 5891.2 0.9 0.25 0.38 100 5.00 3.45 0.887 8 8 1.7088 52%
4 14157 0.33 11325.6 2831.4 0.9 0.25 0.38 100 5.00 3.45 0.426 6 8 1.4799 29%
5 2787 0.06 1672.2 1114.8 0.9 0.25 0.51 100 5.00 3.45 0.113 6 8 1.4799 8%
6 9261 0.21 2284.5 6976.5 0.9 0.25 0.74 100 5.00 3.45 0.543 8 8 1.7088 32%
7 11338 0.26 7936.6 3401.4 0.9 0.25 0.45 100 5.00 3.45 0.400 6 8 1.2083 33%
8 9790 0.22 3661.46 6128.54 0.9 0.25 0.66 100 5.00 3.45 0.509 6 8 1.2083 42%
9 7996 0.18 2109 5887 0.9 0.25 0.73 100 5.00 3.45 0.461 8 8 1.7088 27%
10 7513 0.17 1564 5949 0.9 0.25 0.76 100 5.00 3.45 0.455 8 8 1.7088 27%
11 7995 0.18 1943 6052 0.9 0.25 0.74 100 5.00 3.45 0.470 8 8 1.7088 27%
12 15405 0.35 4621.5 10783.5 0.9 0.25 0.71 100 5.00 3.45 0.860 8 8 1.7088 50%
13 9003 0.21 2700.9 6302.1 0.9 0.25 0.71 100 5.00 3.45 0.503 6 8 1.2083 42%
14 5504 0.13 1100.8 4403.2 0.9 0.25 0.77 100 5.00 3.45 0.336 6 8 1.2083 28%
15 11057 0.25 11057 0 0.9 0.25 0.25 100 5.00 3.45 0.219 6 8 1.2083 18%
R1 9781 0.22 0 9781 0.9 0.25 0.90 100 5.00 3.45 0.697 8 8 1.2083 58%
R2 8705 0.20 0 8705 0.9 0.25 0.90 100 5.00 3.45 0.621 8 8 1.2083 51%
R3 4606 0.11 0 4606 0.9 0.25 0.90 100 5.00 3.45 0.328 6 8 1.2083 27%
R4 5657 0.13 0 5657 0.9 0.25 0.90 100 5.00 3.45 0.403 6 8 1.2083 33%
RS 4922 0.11 0 4922 0.9 0.25 0.90 100 5.00 3.45 0.351 6 8 1.2083 29%
R6 6950 0.16 0 6950 0.9 0.25 0.90 100 5.00 3.45 0.495 6 8 1.2083 41%
R7 4982 0.11 0 4982 0.9 0.25 0.90 100 5.00 3.45 0.355 6 8 1.2083 29%

Total 216368 3.92 83980.41 86784.59

Pipe Conveyance Calcs

Proposed | Proposed Storm Pipe Size Pipe Q
Total Area Total Pervious | Impervious | Impervious Interval Time of Intensity Pipe Size | Design Pipe Design | Pipe Cap,
Basins (sf) Area (ac) (sf) (sf) C Pervious C | Adjusted C (yr) Conc. (min) [ (in/hr) Q (cfs) (in) (in) Number (cfs) Used (%)
1 20068 0.46 7023.8 13044.2 0.9 0.250 0.67 100.00 5.00 3.45 1.069 8 8 1.4799 72%
1+2 29503 0.68 8439.05 21063.95 0.9 0.250 0.71 100.00 5.00 3.45 1.669 10 10 2.6832 62%
1-3 58959 1.35 32003.85 26955.15 0.9 0.250 0.55 100.00 5.00 3.45 2.555 10 10 2.6832 95%
1-4 73116 1.68 43329.45 29786.55 0.9 0.250 0.51 100.00 5.00 3.45 2.981 12 12 4.3631 68%
1-5 75903 1.74 45001.65 30901.35 0.9 0.250 0.51 100.00 5.00 3.45 3.094 12 12 4.3631 71%
1-6 85164 1.96 47286.15 37877.85 0.9 0.250 0.54 100.00 5.00 3.45 3.636 12 12 4.3631 83%
1-8 106292 2.44 58884.21 | 47407.79 0.9 0.250 0.54 100.00 5.00 3.45 4.545 12 12 5.0381 90%
8+7+R1 30909 0.71 11598.06 19310.94 0.9 0.250 0.66 100.00 5.00 3.45 1.606 8 8 1.7088 94%
8+7+6+R1 40170 0.92 13882.56 26287.44 0.9 0.250 0.68 100.00 5.00 3.45 2.149 10 10 3.0982 69%
1-8 + R1 116073 2.66 58884.21 57188.79 0.9 0.250 0.57 100.00 5.00 3.45 5.242 15 15 9.1346 57%
1-8+12 + R1+R3 136084 3.12 63505.71 72578.29 0.9 0.250 0.60 100.00 5.00 3.45 6.431 15 15 9.1346 70%
9+R2+R4 22358 0.51 2109 20249 0.9 0.250 0.84 100.00 5.00 3.45 1.485 10 8 1.4799 100%
9-10+R2+R4 29871 0.69 3673 26198 0.9 0.250 0.82 100.00 5.00 3.45 1.940 10 10 3.0982 63%
9-11+R2+R4+R5 42788 0.98 5616 37172 0.9 0.250 0.81 100.00 5.00 3.45 2.761 12 10 2.6832 103%
9-11+14+R2+R4+R5+R7 53274 1.22 6716.8 46557.2 0.9 0.250 0.82 100.00 5.00 3.45 3.452 12 12 4.3631 79%
1-14+Rs 205311 4.71 72923.41 | 132387.59 0.9 0.250 0.67 100.00 5.00 3.45 10.881 18 18 12.8639 85%
Allowable Allowable Q Allowable Q Allowable Q Allowable
Pipe Size Pipe Mat. |Slope (%)| Q (cfs) Slope (%) (cfs) Slope (%) (cfs) Slope (%) (cfs) Slope (%) | Q (cfs) West Linn Design Standards:
4 PVC 0.55 0.1411 1 0.1903 15 0.2331 2 0.2691 2.5 0.3009 minimum Manning's n = 0.013
6 PVC 0.55 0.4161 1 0.5611 15 0.6871 2 0.7934 2.5 0.8871 minimum slope = 0.0055
8 PVC 0.55 0.8961 1 1.2083 15 1.4799 2 1.7088 2.5 1.9105 tc =5min
10 PVC 0.55 1.6247 1 2.1908 15 2.6832 2 3.0982 2.5 3.4639 minimum design storm = 100 yr
12 PVC 0.55 2.642 1 3.5625 15 4.3631 2 5.0381 2.5 5.6327
15 PVC 0.55 4.7902 1 6.4592 15 7.9108 2 9.1346 2.5 10.2128
18 PVC 0.55 7.7895 1 10.5033 15 12.8639 2 14.8539 2.5 16.6072
21 PVC 0.55 11.7499 1 15.8435 15 19.4043 2 22.4061 2.5 25.0508
24 PVC 0.55 16.7756 1 22.6202 15 27.704 2 31.9898 2.5 35.7657
30 PVC 0.55 30.4162 1 41.0132 1.5 50.2307 2 58.0014 2.5 64.8475
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NOTICE: This document is intended for use as a GENERAL GUIDELINE for the installation of CETCO's GCLs. The information and data
contained herein are believed to be accurate and reliable. CETCO makes no warranty of any kind and accepts no responsibility for the

results obtained through application of this information. Installation guidelines are subject to periodic changes. Please consult our CETCO
Engineering Website @ www.cetco.com/LTE for the most recent version.
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1.1

1.2

1.3

1.4

2.1

EN G

INTRODUCTION

LA CORE REQUIREMENTS

This document provides procedures for the installation of CETCO’s GCLs in a manner that
maximizes safety, efficiency, and the physical integrity of the GCL.

These guidelines are based upon many years of experience at a variety of sites and should
be generally applicable to any type of lining project using CETCO’s GCLs. Variance from
these guidelines is at the engineer’s discretion.

The performance of the GCL is wholly dependent on the quality of its installation. It is the
installer’s responsibility to adhere to these guidelines, and to the project specifications and
drawings, as closely as possible. It is the engineer’s and owner’s responsibility to provide
construction quality assurance (CQA) for the installation, to ensure that the installation has
been executed properly. This document covers only installation procedures.

For additional guidance, refer to ASTM D5888 (Standard Guide For Storage and Handling of
Geosynthetic Clay Liners) and ASTM D 6102 (Standard Guide For Installation of Geosynthetic
Clay Liners).

EQUIPMENT REQUIREMENTS

CETCO GCLs are delivered in rolls typically 2,600-2,950 lbs (1180-1340 kg). Roll dimensions
and weights will vary with the dimensions of the product ordered. It is necessary to
support this weight using an appropriate core pipe as indicated in Table 1. For any
installation, the core pipe must not deflect more than 3 inches (75 mm) as measured

from end to midpoint when a full GCL roll is lifted.

Product(s) Nominal GCL Roll Size Typical GCL  Interior Core Pipe Minimum

Bentomat DN, SDN X 24" (4.9 x 610)
Bentomat ST 16" x 24" (4.9 x 610) 2,600 (1180) | 3 3/4 (100)] 20 x 2.88"0.D.(6.1 m x 73 mm) | XXH

Bentomat CLT 16’ x 26" (4.9 x 660) 2,950 (1340) | 3 3/4 (100)] 20 x 2.88”0.D.(6.1 mx 73 mm) | XxXH
Claymax 200R 16’ x 20" (4.9 x 510)  |2,750 (1250) | 3 3/4 (100)| 20 x 2.880.D.(6.1 mx 73 mm) | XXH
Bentomat CL 16" x 25" (4.9 x 635) 2,675 (1213) | 3 3/4 (100)| 20 x 2.88"0.D.(6.1 mx 73 mm) | XXH

CEIl_-CY

W x Dia. Ft. (m) x  Roll Wt., Core Size, Length x Diameter, Core Pipe
in. (mm) Lbs. (kg) in. (mm) ft. x in. (m x mm) Strength

2,650 (1200) | 3 3/4 (100)] 20 x 2.8870.D.(6.1 m x 73 mm)
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2.2 Lifting chains or straps appropriately rated should be used in combination with a
spreader bar made from an I-beam as shown in Figure 1.

SPREADER BAR
LIFTING ASSEMBLY

2.3 The spreader bar ensures that lifting chains or straps do not chafe against the ends of the GCL
roll, allowing it to rotate freely during installation. Spreader bar and core pipe kits are available
through CETCO.

2.4 A front end loader, backhoe, dozer, or other equipment can be utilized with the spreader bar
and core pipe or slings. Alternatively, a forklift with a “stinger” attachment may be used for
on-site handling. A forklift without a stinger attachment should not be used to lift or handle the
GCL rolls. Stinger attachments (Figure 2-4) are specially fabricated to fit various forklift
makes and models.

roure 2 [,

m FORK MOUNT
(with fork pockets)

m PIN MOUNT

)
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2.6

2.7

341

3.2

3.3

3.4

3.5

When installing over certain geosynthetic materials, a 4-wheel, all-terrain
vehicle (ATV) can be used to deploy the GCL. An ATV can be driven directly on
the GCL provided that no sudden stops, starts, or turns are made.

Additional equipment needed for installation of CETCO’s GCLs includes:

e Utility knife and spare blades (for cutting the GCL).

* Bentonite mastic (for sealing around structures and details) and/or granular bentonite
(for end-of-roll seams of GCLs with needle punched, non-woven geotextiles and for
sealing around structures and details). Both are available from CETCO.

e Waterproof tarpaulins (for temporary cover on installed material as well as for stockpiled rolls).
e Optional flat-bladed vise grips (for positioning the GCL panel by hand).

The CETCO Easy Roller™ GCL Deployment System is a preferred method of installing
geosynthetic clay liners. Use of the Easy Roller system eliminates the need for spreader bars
and heavy core pipes. Installation speed and worker safety are significantly increased.

For further details, contact CETCO.

SHIPPING, UNLOADING & STORAGE

All lot and roll numbers should be recorded and compared to the packing list. Each roll of GCL
should also be visually inspected during unloading to determine if any packaging has been
damaged. Damage, whether obvious or suspected, should be recorded and the affected

rolls marked.

Major damage suspected to have occurred during transit should be reported immediately to the
carrier and to CETCO. The nature of the damage should also be indicated on the bill of lading
with the specific lot and roll numbers. Accumulation of some moisture within roll packaging is
normal and does not damage the product.

The party directly responsible for unloading the GCL should refer to this manual prior to shipment
to ascertain the appropriateness of their unloading equipment and procedures. Unloading and
on-site handling of the GCL should be supervised.

In most cases, CETCO GCLs are delivered on flatbed trucks. There are three methods of
unloading: core pipe and spreader bar; slings; or stinger bar. To unload the rolls from the
flatbed using a core pipe and spreader bar, first insert the core pipe through the core tube.
Secure the lifting chains or straps to each end of the core pipe and to the spreader bar
mounted on the lifting equipment. Hoist the roll straight up and make sure its weight is evenly
distributed so that it does not tilt or sway when lifted.

At the customer’s request, CETCO GCLs may be delivered with two 2” x 12" (50 mm x 3.65 m) Type V
polyester endless slings on each roll. Before lifting, check the position of the slings. Each sling
should be tied off in the choke position approximately one third (1/3) from the end of the roll.
Hoist the roll straight up so that it does not tilt or sway when lifted.
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3.6

3.7

3.8

3.9

In some cases, GCL rolls will be stacked in three pyramids on flatbed trucks. If slings are not used,
rolls will require unloading with a stinger bar and extendible boom fork lift. Spreader bars will not
work in this situation because of the limited access between the stacks of GCL. Three types of
stingers are available from CETCO (Figures 2-4). To unload, guide the stinger through the core tube
before lifting the GCL roll and removing from the truck.

An extendible boom fork lift with a stinger bar is required for unloading vans. Rolls in the
nose and center of van should first be carefully pulled toward the door using the slings
provided on the rolls.

Rolls should be stored at the job site away from high-traffic areas but sufficiently close to
the active work area to minimize handling. The designated storage area should be flat,
dry and stable. Moisture protection of the GCL is provided by its packaging; however, an
additional tarpaulin or plastic sheet is recommended.

Rolls should be stacked in a manner that prevents them from sliding or rolling. This can
be accomplished by chocking the bottom layer of rolls. Rolls should be stacked no higher
than the height at which they can be safely handled by laborers (typically no higher than
four layers of rolls). Rolls should never be stacked on end.

] suBGRADE PREPARATION

4.1

4.2

4.3

CEICO

LINING TECHNOLOGIES

Subgrade surfaces consisting of granular soils or gravel may not be acceptable due to their
large void fraction and puncture potential. In high-head (greater than one foot or 30 cm)
applications, subgrade soils should possess a particle size distribution such that at least 80
percent of the soil is finer than a #60 sieve (0.250 mm) unless a membrane-laminated GCL
(Bentomat CL or Bentomat CLT) is used.

When the GCL is placed over an earthen subgrade, the subgrade surface must be prepared in
accordance with the project specifications. The engineer’s approval of the subgrade must be
obtained prior to installation. The finished surface should be firm and unyielding, without abrupt
elevation changes, voids, cracks, ice, or standing water.

The subgrade surface must be smooth and free of vegetation, sharp-edged rocks, stones,
sticks, construction debris, and other foreign matter that could contact the GCL. The
subgrade should be rolled with a smooth-drum compactor to remove any wheel ruts
greater than 1 inch in depth, footprints, or other abrupt grade changes. Furthermore, all
protrusions extending more than 0.5 inch (12 mm) from the subgrade surface shall be
removed, crushed, or pushed into the surface with a smooth-drum compactor. The GCL may
be installed on a frozen subgrade, but the subgrade soil in the unfrozen state should meet
the above requirements.
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INSTALLATION

5.1 GCL rolls should be taken to the work area of the site in their original packaging. The orientation of
the GCL (i.e., which side faces up) may be important if the GCL has two different types of
geosynthetics. Check with the project engineer in order to determine if there is a preferred
installation orientation for the GCL. If no specific orientation is required, allow the roll to unwind
from the bottom rather than pulling from the top (Figure 5). The arrow sticker on the plastic sleeve
indicates the direction the GCL will naturally unroll when placed on the ground (Figure 6). Prior to
deployment, the packaging should be carefully removed without damaging the GCL.

m THE GCL CAN BE UNROLLED IN ITS “NATURAL” ORIENTATION (A)
OR CAN BE PULLED FROM THE TOP OF THE ROLL (B)

“NATURAL” ORIENTATION (A} (B)

] DIRECTION TO UNROLL GCL ON GROUND PER FIGURE 5(A)

5.2 Equipment which could damage the GCL should not be allowed to travel directly on it. Acceptable
installation, therefore, may be accomplished such that the GCL is unrolled in front of
backwards-moving equipment (Figure 7). If the installation equipment causes rutting of the subgrade,
the subgrade must be restored to its originally accepted condition before placement continues.

CECC
ITTITRIN IO BENTOMAT/CLAYMAX Installation Guidelines 7 of 15



5.3 If sufficient access is available, GCL may be deployed by suspending the roll at the top of the slope
with a group of laborers pulling the material off of the roll and down the slope (Figure 8).

5.4 GCL rolls should not be released on the slope and allowed to unroll freely by gravity.

5.5 Care must be taken to minimize the extent to which the GCL is dragged across the subgrade in
order to avoid damage to the bottom surface of the GCL. Care must also be taken when adjusting
Bentomat CLT panels to avoid damage to the geotextile surface of one panel of GCL by the textured
sheet of another panel of GCL. A temporary geosynthetic subgrade covering, commonly known as a
slip sheet or rub sheet, may be used to reduce friction damage during placement.

UNROLLING BENTOMAT

CETCO
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The GCL should be placed so that seams are parallel to the direction of the slope.
End-of-panel seams should also be located at least 3 ft (1m) from the toe and crest of
slopes steeper than 4H:1V. End-of-roll seams on slopes should be used only if the liner is not
expected to be in tension.

All GCL panels should lie flat, with no wrinkles or folds, especially at the exposed edges of the
panels. When Bentomat with SuperGroove® is repositioned, it should be gripped inside the
SuperGroove by folding the edge.

The GCL should not be installed in standing water or during rainy weather. Only as much GCL shall
be deployed as can be covered at the end of the working day with soil, geomembrane, or a
temporary waterproof tarpaulin. The GCL shall not be left uncovered overnight. If the GCL is
hydrated when no confining stress is present, it may be necessary to remove and replace the
hydrated material. CETCO recommends that premature hydration be evaluated on a case-by-case
basis. The project engineer, CQA inspector, and CETCO’s TR-312 should be consulted for specific
guidance if premature hydration occurs. The type of GCL, duration of exposure, degree of hydration,
location in the liner system, and expected bearing loads should be considered. In many instances,
a needlepunch reinforced GCL may not require removal/replacement if the following are true: (1)
the geotextiles have not been separated, torn or otherwise damaged; (2) there is no evidence that
the needlepunching between the two geotextiles has been compromised; (3) the Bentomat does
not leave deep indentations when stepped upon; and (4) any overlapped seams with bentonite
enhancement (see Section 7) are intact.

For the convenience of the installer, hash marks are placed on Bentomat every 5" (1.5 m) of length.

K] AnchoRrace

If required by the project drawings, the end of the GCL roll should be placed in an anchor trench
at the top of a slope. The front edge of the trench should be rounded to eliminate any sharp
corners that could cause excessive stress on the GCL. Loose soil should be removed or compacted
into the floor of the trench.

TYPICAL ANCHOR TRENCH DESIGN |

Compacted Soil Backfill
Rounded Corner

Varies

Compacted Subgrade

—
18" (450 mm)
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6.2

6.3

6.4

If a trench is used for anchoring the end of the GCL, soil backfill should be placed in the trench to
provide resistance against pullout. The size and shape of the trench, as well as the appropriate
backfill procedures, should be in accordance with the project drawings and specifications. Typical
dimensions are shown in Figure 9.

The GCL should be placed in the anchor trench such that it covers the entire trench floor but does
not extend up the rear trench wall.

Sufficient anchorage may alternately be obtained by extending the end of the GCL roll back from the
crest of the slope, and placing cover soil. The length of this “runout” anchor should be prepared in
accordance with project drawings and specifications.

_ SEAMING

7.1

7.2

7.3

GCL seams are constructed by overlapping adjacent panel edges and ends. Care should be taken to
ensure that the overlap zone is not contaminated with loose soil or other debris. Supplemental
bentonite is not required for Claymax 200R. Bentomat ST, DN, and SDN with Supergroove® have
self-seaming capabilities in their longitudinal overlaps (Figure 10) and do not require
supplemental bentonite. For pond applications, supplemental bentonite must be used in
longitudinal seams regardless of the CETCO GCL used.

1} SUPERGROOVE

Longitudinal seams should be overlapped a minimum of 6 inches (150mm) for Bentomat and 12
inches (300mm) for Claymax.

End-of-panel overlapped seams should be overlapped 24 inches (600mm) for Bentomat and
48 inches (1,200mm) for Claymax.
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7.4 End-of-panel overlapped seams are constructed such that they are shingled in the direction of
the grade to prevent runoff from entering the overlap zone. End-of-panel seams on slopes are
permissible, provided adequate slope stability analysis has been conducted (i.e., the GCL is
not expected to be in tension). Bentonite-enhanced seams are required for all Bentomat
end-of-panel overlapped seams.

7.5 Bentomat end-of-panel, bentonite-enhanced, overlapped seams are constructed first by
overlapping the adjacent panels, exposing the underlying panel, and then applying a continuous
bead or fillet of granular sodium bentonite 12” from the edge of the underlying panel
(Figure 11). The minimum application rate at which the bentonite is applied is one-quarter
pound per linear foot (0.4 kg/m).

7.6 If longitudinal bentonite enhanced seams are required, they are constructed first by overlapping
the adjacent panels by a minimum 6-inches (150 mm), exposing the underlying edge and apply-
ing a continuous bead of granular bentonite approximately 3-inches (75 mm) from the edge. The
minimum application rate for the granular bentonite is one quarter pound per linear foot
(0.4 kg/m).

m BENTOMAT END-OF-PANEL OVERLAPPED SEAM

i Overlapi Overlapped Seam

Overlying Panel

12" from edge-of-panel

m SEALING AROUND PENETRATIONS AND STRUCTURES

8.1  Cutting the GCL should be performed using a sharp utility knife. Frequent blade changes
are recommended to avoid irregular tearing of the geotextile components of the GCL during
the cutting process.

8.2  The GCL should be sealed around penetrations and structures embedded in the subgrade in
accordance with Figures 12 through 14. Granular bentonite or a bentonite mastic shall be used
liberally (approx. 2 lbs. /ln ft. or 3 kg/m) to seal the GCL to these structures.

CENC O
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.} CROSS-SECTION OF A HORIZONTAL PIPE PENETRATION

Granular Bentonite

Secondary GCL Collar—"" '
1 ft. (300 mm. min. overlap) F

AN

Primary GCL Layer

Subgrade

Primary GCL Layer

J[t]l]{bi:] ISOMETRIC VIEW OF A COMPLETED HORIZONTAL PIPE PENETRATION

Se__:‘ ‘Hary GCL Collar

8.3 When the GCL is placed over a horizontal pipe penetration, a “notch” should be excavated into the
subgrade around the penetration (Figure 12a). The notch should then be backfilled with granular
bentonite. A secondary collar of GCL should be placed around the penetration as shown in Figure
12b. It is helpful to first trace an outline of the penetration on the GCL and then cut a “star”
pattern in the collar to enhance the collar’s fit to the penetration. Granular bentonite should be

applied between the primary GCL layer and the secondary GCL collar.

.WCROSS-SECTION OF A VERTICAL PENETRATION

Vertical Penetration

N

4" (100"mm) Typical \

Granular Bentonite
3" (75 mm) Typical

CETC O
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n DAMAGE REPAIR

9.1

If the GCL is damaged (torn, punctured, perforated, etc.) during installation, it may be possible to
repair it by cutting a patch to fit over the damaged area (Figure 15). The patch should be cut to
size such that a minimum overlap of 12 inches (300 mm) is achieved around all parts of the
damaged area. Granular bentonite or bentonite mastic should be applied around the damaged area
prior to placement of the patch. It may be necessary to use an adhesive such as wood glue to affix
the patch in place so that it is not displaced during cover placement. Smaller patches may be
tucked under the damaged area to prevent patch movement.

DAMAGE REPAIR BY PATCHING

Granular Bentonite

Damaged Area

‘12" (300 mm)

Area to be
covered with GCL Patch

————12" (300 mm)

m COVER PLACEMENT

10.1

10.2

10.3

10.4

10.5

CEITCO)

LINING TECHNOLOGIES

The final thickness of soil cover on the GCL varies with the application. A minimum
cover layer must be at least 1 foot (300 mm) thick to provide confining stress to the GCL,
eliminate the potential for seam separation and prevent damage by equipment, erosion, etc.

Cover soils should be free of angular stones or other foreign matter that could damage the GCL.
Cover soils should be approved by the Engineer with respect to particle size, uniformity, and
chemical compatibility. Consult CETCO if cover soils with high concentrations of calcium

(e.g., limestone, dolomite, gypsum, seashell fragments) are present.

Recommended cover soils should have a particle size distribution ranging between fines and 1 inch
(25 mm), unless a cushioning geotextile is specified.

Soil cover shall be placed over the GCL using construction equipment that minimizes stresses on the
GCL. A minimum thickness of 1 foot (300 mm) of cover soil should be maintained between the
equipment tires/tracks and the GCL at all times during the covering process. In frequently
high-traffic areas or roadways, a minimum thickness of 2 feet (600 mm) is required.

Soil cover should be placed in a manner that prevents the soil from entering the GCL overlap zones.

Soil cover should be pushed up slopes, not down slopes, to minimize tensile forces
on the GCL.
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10.6 When a textured geomembrane is installed over the GCL, a temporary geosynthetic covering
known as a slip sheet or rub sheet should be used to minimize friction during placement and to
allow the textured geomembrane to be more easily moved into its final position.

10.7 Claymax must be covered with a geomembrane and/or 12” (300 mm) of cover material within
8 hours of deployment to prevent the potential for shrinkage by desiccation.

10.8 Cyclical wetting and drying of GCL covered only with geomembrane can cause overlap separation.
Soil cover should be placed promptly whenever possible. Geomembranes should be covered
with a white geotextile and/or operations layer without delay to minimize the intensity of
wet-dry cycling. If there is the potential for unconfined cyclic wetting and drying over an
extended period of time, the longitudinal seam overlaps should be increased based onthe
project engineer’s recommendations.

10.9 To avoid seam separation, the GCL should not be put in excessive tension by the weight or
movement of textured geomembrane on steep slopes. If there is the potential for unconfined
geomembrane expansion and contraction over an extended period of time, the longitudinal seam
overlaps should be increased based upon the project engineer’s recommendations.

HYDRATION

11.1  Hydration is usually accomplished by natural rainfall and/or absorption of moisture from soil.
However, in cases where the containment of non-aqueous liquid is required, it may be necessary
to hydrate the covered GCL with water prior to use.

11.2 If manual hydration is necessary, water can be introduced by flooding the covered lined area or
using a sprinkler system.

11.3 If the GCL is hydrated when no confining stress is present, it may be necessary to remove and
replace the hydrated material. As discussed in Section 5.8, in many instances, a needlepunch
reinforced GCL may not require removal/replacement if the following are true: (1) the geotextiles
have not been separated, torn, or otherwise damaged; (2) there is not evidence that the
needlepunching between the two geotextiles has been compromised; (3) the Bentomat does not
leave deep indentations when stepped upon, and (4) any overlapped seams with bentonite
enhancement (see Section 7) are intact.

CETCT
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u CONTAINMENT

Geosynthetic Clay
Liners (GCL’s)

Geosynthetic Clay Liners (GCL’s) are high GCL’s provide an excellent alternative to
performance environmental liners used in conventional compacted clay liners by
environmental containment applications. GCL’s replacing a thick section of compacted clay
consist of two layers of geotextiles surrounding with a thin layer of pure sodium bentonite. One
a layer of low permeability sodium bentonite truckload of GCL is equivalent to 150 truckloads
that are needle punched together to increase of compacted clay. Benefits include easy
internal shear resistance. The geotextiles installation, better hydraulic performance, and
offer a long lasting resistance to physical or resistance to varying weather conditions.
chemical break-down in harsh elements, while

the bentonite’s high swelling capacity and low Typical Lining Applications

permeability provide an effective hydraulic seal. « Canals, Stormwater Impoundments, and

Wetlands
e Highway and Civil
* Landfill Liners
e Landfill Caps
¢ Mining
* Ponds

¢ Secondary Containment

PZNILEX

CIVIL ENVIRONMENTAL GROUP

Unearthing better results.



Geosynthetic Clay Liners (GCL’s)

Product Specifications

Material Property

Test Method

Test Frequency m? (ft?)

Bentomat® ST

Bentomat® DN

Bentonite Swell Index' ASTM D 5890 1 per 50 tonnes 24 ml/2 g min 24 ml/2g min
Bentonite Fluid Loss’ ASTM D 5891 1 per 50 tonnes 18 ml max 18 ml max
. ) 4,000 3.6 kg/m?2 min 3.6 kg/m2 min
Bentonite Mass/Area ASTM D 5993 (40,000) (0.75 Ib/ft?) (0.75 Ib/ft?)
20,000 53 N/cm MARV 88 N/cm (MARV)
3
GCL Grab Strength ASTMD 6768 (200,000) (30 lbs/in MARV) | (50 Ibs/in MARV)
3 4,000 6.1 N/cm min 6.1 N/cm min
GCL Peel Strength ASTM D 6496 (40,000) (3.5 Ibs/in) (3.5 Ibs/in)
1x 10 m3/m?/sec | 1x 10 m3/m?/sec
4
GCL Index Flux ASTM D 5887 Weekly max max
. -9 -9
GCL Hyd_ra-uI|4c ASTM D 5887 Weekly 5x10° cm/sec 5 x10° cm/sec
Conductivity max max
GCL Hydrated Internal ASTM D 5321 Periodic 500 psf (24 kPa) | 500 psf (24 kPa)
Shear Strength® ASTM D 6243 Typ 200 psf Typ 200 psf

Bentomat ST is a reinforced GCL consisting of a layer of sodium bentonite between a woven and a
nonwoven geotextile, which are needle punched together. Bentomat DN is a reinforced GCL consisting
of a layer of sodium bentonite between two nonwoven geotextiles, which are needle punched together.

Notes

1 Bentonite property tests performed at a bentonite processing facility before shipment to CETCO’s GCL production facilities.

Bentonite mass/area reported at O percent moisture content.

3 All tensile strength testing is performed in the machine direction using ASTM D 6768. All peel strength testing is performed
using ASTM D6496. Upon request, tensile and peel results can be reported per modified ASTM D 4632 using 4 inch grips.

4 Index flux and permeability testing with deaired distilled/deionized water at 80 psi (551kPa) cell pressure, 77 psi (531 kPa)
headwater pressure and 75 psi (517 kPa) tailwater pressure. Reported value is equivalent to 925 gal/acre/day. This flux value is
equivalent to a permeability of 5x10° cm/sec for typical GCL thickness. Actual flux values vary with field condition pressures.
The last 20 weekly values prior the end of the production date of the supplied GCL may be provided.

5 Peak values measured at 200 psf (10 kPa) normal stress for a specimen hydrated for 48 hours. Site-specific materials, GCL
products, and test conditions must be used to verify internal and interface strength of the proposed design.

CETCO has developed an edge enhancement system (SuperGroove™) that eliminates the need to use additional granular sodium
bentonite within the overlap area of the seams. It comes standard on both longitudinal edges of Bentomat® ST. It should be noted
that SuperGroove™ does not appear on the end-of-roll overlaps and recommend the continued use of supplemental bentonite for

all end-of-roll seams.

Disclaimer: The information provided by Nilex is believed to be correct and is generally based on information supplied by the manufacturers of the product offered.

Any recommendations made by Nilex concerning uses or applications of our products are also believed to be reliable; however, as Nilex has no control over design
execution, and field conditions of the project which incorporate the product. Nilex disclaims all warranties, expressed or implied, including, without limitation, the

warranties of merchantability and/or fitness for a particular purpose.

CIVIL ENVIRONMENTAL GROUP

nilex.com

Unearthing better results.

EDMONTON | CALGARY | TORONTO | VANCOUVER | VERNON | ABBOTSFORD | PRINCE GEORGE | SASKATOON | DENVER

Rev. 11/2010



Appendix C

* Geotechnical Report Prepared by Carlson
* Impervious Storm Facility Letter by Carlson

Sunset Primary School | KPFF Consulting Engineers
STORMWATER DRAINAGE REPORT
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1.0 INTRODUCTION

Carlson Geotechnical (CGT), a division of Carlson Testing, Inc. (CTI), is pleased to submit this report
summarizing the results of our preliminary geotechnical investigation, infiltration testing, and site-specific
seismic hazards study (SSSHS) for the proposed new Sunset Primary School project. The project site is
located at 2351 Oxford Street in West Linn, Oregon, as shown on the attached Site Location, Figure 1.

This report is considered preliminary, as we have not reviewed final grading plans, finished floor
elevations, and/or detailed structural information for the development. An addendum indicating that this
report is final, and including supplemental recommendations, if warranted, can be issued after we have
reviewed those items.

1.1 Project Information

CGT developed an understanding of the proposed project based on our correspondence and review of
the provided, “Design Concept — New Sunset Primary School”, prepared by Dull Olson Weekes — IBI
Group Architects, Inc (DOW), and dated April 10, 2015. We understand the project is in the preliminary
stages of planning, but will likely include the following:

e Demolition of the existing Sunset Primary School and appurtenant parking lot and drive lane areas.
We understand demolition activities will take place once the new Sunset Primary School has been
constructed.

e Construction of a new two-story, approximately 28,000 square-foot, primary school within the east
portion of the site, as shown on the attached Site Plan (Figure 2). Although no architectural
information has been provided, we anticipate the building will be steel- and/or concrete-framed and
incorporate a slab-on-grade first floor. We understand a daylight basement is being considered at the
southeast portion of the building. Although no structural loading information has been provided, we
have assumed maximum column, continuous wall, and uniform floor slab loads will be on the order of
150 kips, 4 kips per lineal foot (klf), and 200 pounds per square foot (psf), respectively.

e We understand the building will be classified as a “Special Occupancy Structure” per Oregon Revised
Statutes (ORS) 455.447. Accordingly, the building will be assigned as Risk Category lll per Table
1604.5 of the 2014 Oregon Structural Specialty Code (OSSC), and a site-specific seismic hazard
study (SSSHS) is required as part of the geotechnical report per Section 1803.2 of the OSSC.

e Construction of a school bus pick-up/drop-off area, drive lanes, and passenger car parking within the
west portion of the site. We understand loading docks and fire lanes for heavy trucks are also being
proposed. Although no civil plans have been provided, we anticipate new pavements will be surfaced
with asphaltic concrete (AC) and the loading dock areas will be surfaced with Portland Cement
Concrete (PCC) pavement.

¢ Installation of appurtenant underground utilities to serve the new building.

e The existing topographic relief across the proposed building area is approximately 10 feet. Therefore,
we anticipate permanent grade changes at the site may be up to about 5 feet (i.e., maximum cut and
fill depth). We anticipate the maximum cut required to facilitate construction of the daylight basement
at the southeast portion of the building will be on the order of about 8 feet.

e We understand the project civil engineer (KPFF) is evaluating the feasibility of on-site stormwater
infiltration for disposal of stormwater collected from hard surfaces. KPFF previously requested
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infiltration testing in seven locations across the site as part of our field exploration. Design of on-site
stormwater infiltration facilities will rest with others.

1.2 Scope of Services

Our scope of work included the following:

e Contact the Oregon Utilities Notification Center to mark the locations of public utilities within a 30-foot
radius of our explorations at the site. CGT also subcontracted a private utility locating service to mark
the locations of public and private utilities within a 30-foot radius of our explorations.

e Explore subsurface conditions at the site with the following field exploration program:

0 Excavate ten test pits to depths up to about 10 feet bgs.

0 Advance two pavement cores through the existing asphaltic concrete (AC) pavement and
conducting dynamic cone penetrometer (DCP) tests on the exposed pavement subgrade.

0 Advance four machine-drilled borings to depths ranging from about 5 to 61 feet below ground
surface (bgs).

o Perform six infiltration tests at the site in general accordance with the Encased Falling Head Test
procedure described in Appendix F.2 of the January 2014 City of Portland “Portland Stormwater
Management Manual’. Results of our infiltration testing are presented in the attached
Appendix A.

o Classify the materials encountered in the borings in general accordance with American Society for
Testing and Materials (ASTM) D2488 (Visual-Manual Procedure).

e Collect representative, disturbed and relatively undisturbed samples of the soils encountered within
the explorations in order to perform laboratory testing and to confirm our field classifications.

e Provide a technical narrative describing surface and subsurface deposits, and local geology of the
site, based on the results of our explorations and published geologic mapping.

e Provide preliminary geotechnical recommendations for site preparation and earthwork.

e Provide preliminary geotechnical engineering recommendations for design and construction of
shallow spread foundations and concrete floor slabs.

¢ Provide preliminary geotechnical engineering recommendations for design and construction of flexible
(asphaltic concrete) and rigid (concrete) pavements.

e Conduct a Site-Specific Seismic Hazards Study (SSSHS) in general accordance with the
requirements of Section 1803.3.2 of the 2014 Oregon Structural Specialty Code (OSSC). The results
of the SSSHS are presented in the attached Appendix B.

e Provide this written report summarizing the results of our geotechnical investigation, infiltration
testing, site-specific seismic hazards study and recommendations for the project.

2.0 SITE DESCRIPTION
2.1 Site Geology

The site is located at the southeast end of the Tualatin Mountains. The Tualatin Mountains separate the
Tualatin Valley to the east, the Portland Basin to the northeast, and the Willamette Valley to the
southwest. Based on available geologic mapping® of the area, the site is underlain by Columbia River
Basalt. The Columbia River Basalt consists of numerous fine-grained lava flows that primarily erupted

t Madin, I.P., 2009, Geologic map of the Oregon City 7.5' quadrangle, Clackamas County, Oregon: Oregon Department of

Geology and Mineral Industries, Geological Map Series 119, scale 1:24,000.
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from fissures in eastern Washington and Oregon and western Idaho during the Miocene (23.8 to
5.3 million years ago). A thick, clay-rich residual soil often forms on the upper portion of the Columbia
River Basalt from the in-place weathering of the rock. The Columbia River Basalt is several thousand feet
thick in the vicinity of the site

2.2 Site Surface Conditions

The approximate 6%-acre site, consisting of five adjacent tax lots, is bordered by Oxford Street and
Sunset Park to the south, a forested area to the east, and residential development to the north and west.
The existing Sunset Primary School is situated on the western portion of the site. The new school
structure will be located on the east and southeast portions of the site. The site is generally level in the
vicinity of the existing school structure and playground/baseball field. The site descends gently to the
southeast from the east end of the baseball field. The southeast portion of the new structure will be
located in an undeveloped, forested area between the baseball field and Sunset Park. The existing site
conditions and topography, as well as the existing and proposed school footprints are shown on the
attached Site Plan, Figure 2. Photographs of the site taken at the time of our investigation are shown on
the attached Figure 3.

3.0 FIELD INVESTIGATION

CGT completed the field investigation between June 18 and June 26, 2015. The field investigation
consisted of ten test pits, two pavement cores, four machine-drilled borings, and six infiltration tests. The
approximate exploration locations are shown on the attached Site Plan, Figure 2. The exploration
locations shown therein were determined based on measurements from existing site features (property
corners, etc.) and should be considered approximate.

3.1 Test Pits

CGT excavated ten test pits (TP-1 through TP-10) at the site on June 18, 2015. The test pits were
excavated to depths ranging from 4 to about 10 feet bgs using a Case CX-55B mini-excavator with a
24-inch wide toothed bucket, and were loosely backfilled with cuttings upon completion.

Pocket penetrometer readings were taken within the upper 4 feet of the test pits. The pocket
penetrometer is a hand-held instrument that provides an approximation of the unconfined compressive
strength of cohesive, fine-grained soils. The correlation between pocket penetrometer readings and the
consistency of cohesive, fine-grained sails is provided on the attached Figure 4.

3.2 Pavement Cores

Two pavement cores (C-1 and C-2) were advanced at the site on June 19, 2015. The cores were
advanced using a pavement coring drill equipped with a 6-inch diameter pavement coring barrel, provided
and operated by CTI. At pavement core C-1, the base rock was excavated using a rotary hammer drill to
expose the underlying native subgrade soil. Once the subgrade soil was exposed, a dynamic cone
penetrometer (DCP) test was conducted (as described below). Upon completion of the DCP test, a
3-inch diameter hand auger was used to advance to a depth of about 1 foot bgs, for the purpose of
collecting a bulk sample of the subgrade soil.

At pavement core C-2, the base rock was encountered to a depth of about 22 inches bgs, the practical
limit to which the rotary hammer could advance. Therefore, CGT was unable to expose the subgrade soil

Carlson Geotechnical Page 6 of 25



Sunset Primary School

West Linn, Oregon

CGT Project Number G1504201
July 15, 2015

and conduct a DCP test. Upon completion of exploration, both pavement cores were patched with cold
patch asphalt.

In conjunction with pavement core hole C-1, and following removal of the asphalt pavement and
underlying base rock (i.e., on top of the exposed subgrade soil), we performed dynamic cone
penetrometer tests to depths of up to about 5% feet bgs. This test was performed using a Wildcat
Dynamic Cone Penetrometer (WDCP) provided and operated by CGT. The WDCP test consists of
driving 1.1-inch diameter, steel rods with a 1.4-inch diameter, cone tip into the ground using a 35-pound
drop hammer with a 15-inch, free-fall height. The number of blows required to drive the steel rods is
recorded for each 10 centimeters (3.94 inches) of penetration. The blow count for each interval is then
converted to the corresponding Standard Penetration Test (SPT) “N60” values, which are used to
estimate the soil relative consistency for cohesive soils, or relative density for non-cohesive soils. Results
of the WDCP test are presented on the log of pavement core hole C-1 (Figure 15).

3.3 Machine-Drilled Borings

Borings B-1 through B-3 were advanced to depths ranging from about 21 to 61 feet bgs on June 26,
2015, using mud-rotary drilling techniques with a CME-75HT truck-mounted drill rig. Boring B-4 was
advanced on June 22, 2015 to a depth of about 5 feet bgs, using hollow-stem auger drilling techniques
with a WS45, limited access track-mounted drill rig. Both drill rigs were provided and operated by our
subcontractor, Western States Soil Conservation of Hubbard, Oregon. Upon completion, the borings
were backfilled with granular bentonite. The surface at boring B-4 was patched with cold-patch asphalt.

Standard Penetration Tests (SPTs) were conducted within borings B-1 through B-3 (drilled with the
CME-75HT drill rig) using a split-spoon sampler in general accordance with ASTM D1586. The SPT is
performed by driving a 2-inch, outside-diameter, split-spoon sampler into the undisturbed formation
located at the bottom of the advanced boring with repeated blows of a 140 pound, automatic hammer
falling a vertical distance of 30 inches. The number of blows (N-value) required to drive the sampler the
last 12 inches of an 18-inch sample interval is used to characterize the soil consistency or relative
density. The SPTs were conducted at 2¥2- to 5-foot intervals to the termination depths of the borings.

The CME-75HT drill rig was equipped with a 140-pound, automatic hammer, which was used to conduct
the SPTs. It should be noted automatic hammers generally produce lower SPT values than those
obtained using a traditional safety hammer (cathead). According to the driller, the automatic hammer on
the CME-75HT drill rig had hammer efficiency (ETRnammer) Of 85.0 percent, resulting in an efficiency factor
of about 1.4. We have considered this in our description of soil relative density and in our evaluation of
soil strength and compressibility. Field SPT “raw” values that have not been adjusted for hammer
efficiency, as well as Ngg values that have been adjusted for hammer efficiency, are listed on the attached
boring logs.

3.4 Infiltration Testing

CGT performed six infiltration tests (IT-1 through IT-6) at the site on June 18 and June 22, 2014, in test
pits and borings advanced for that purpose. The locations of the infiltration tests are shown on the Site
Plan (Figure 2), and the results of the infiltration tests are presented in the attached Appendix A.

Carlson Geotechnical Page 7 of 25



Sunset Primary School

West Linn, Oregon

CGT Project Number G1504201
July 15, 2015

35 Soil Classification & Sampling

Soil samples were obtained at selected intervals during excavation of the test pits and pavement cores.
Soil samples were also obtained at selected intervals in the drilled borings using the referenced split-
spoon (SPT) sampler and thin-walled, steel (Shelby) tube samplers. All soil samples collected at the site
were stored in sealable plastic bags and were transported to our laboratory for further examination and
testing. Our geotechnical staff visually examined all samples returned to our laboratory in order to refine
the initial field classifications.

4.0 LABORATORY TESTING

Laboratory testing was performed on samples collected in the field to refine our initial field classifications
and determine in-situ parameters. Laboratory testing included thirty-seven moisture content
determinations (ASTM D2216), three Atterberg limits (plasticity) tests (ASTM D4318), and three fines
content determinations (ASTM D1140). Results of the laboratory tests are shown on the respective
boring logs.

5.0 SUBSURFACE CONDITIONS

Logs of the explorations are presented on the attached Exploration Logs, Figures 5 through 20. Surface
elevations indicated on the logs were estimated based on available topographic mapping on Metro’s GIS
website®. Elevations shown on the logs should be considered approximate.

5.1 Soils/Materials

The following describes each of the subsurface materials encountered at the site.

Asphaltic Concrete Pavement: Asphaltic concrete (AC) pavement was encountered at the surface of
drilled boring B-4 and pavement cores C-1 and C-2. We measured respective AC pavement thicknesses
of 3% inches, 4% inches, and 5 inches at B-4, C-1, and C-2.

Undocumented Gravel Fill (GP FILL): Undocumented gravel fill (base rock) was encountered below the
asphaltic concrete pavement in drilled boring B-4 and in pavement cores C-1 and C-2 and extended to
depths of about %- to 2 feet bgs. Undocumented fill refers to materials placed without (available) records
of subgrade conditions or evaluation of compaction. The gravel fill was generally gray, moist, fine- to
coarse-grained (up to about ¥-inch diameter), and angular. Some sub-rounded gravel up to about
3 inches in diameter was observed in B-4 and C-1. The gravel fill was relatively well-graded based on
visual examination of samples and drill cuttings.

Organic Silt Topsoil (OL FILL): Organic silt topsoil fill was encountered at the surface of all explorations
with the exception of TP-7, B-4, C-1, and C-2. The organic silt topsoil extended to depths ranging from
about 4 to 6 inches bgs and was generally very stiff, brown, damp to moist, exhibited low plasticity, and
contained abundant fine rootlets (typically less than ¥%-inch in diameter).

Lean Clay Fill (CL Fill): Undocumented lean clay fill was encountered at the surface of test pit TP-3 and
below the topsaoil in test pits TP-1, TP-3, TP-4, and boring B-2. The lean clay fill and extended to depths

2 https://gis.oregonmetro.gov/metromap/
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ranging from about 1% to 2% feet bgs and was generally stiff to very stiff, brown, moist, contained
variable amounts of gravel, and exhibited low plasticity.

Drain Rock Fill (GP FILL): Drain rock fill (GP FILL) was encountered below the lean clay fill in test pits
TP-1 and TP-3, surrounding a 3-inch diameter perforated drain pipe. The drain rock fill extended to a
depth of about 1% feet bgs and was generally gray, open-graded, fine- to coarse-grained (up to about
1-inch diameter), and sub-rounded.

Residual Soils (CL-CH): Residual soils were encountered below the topsoil or fill in each exploration, with
the exception of C-2, which did not advance through the gravel fill. The residual soils generally consisted
of lean to fat clay (CL-CH), extending to depths ranging from about 3 to 7 feet bgs. The residual soils
extended to the maximum depths explored in pavement core C-1, boring B-4, and test pits TP-6, TP-7,
TP-8, and TP-10 (from about 1 foot to 5 feet bgs). The residual soils were typically very stiff, brown to
orange-brown, moist, exhibited moderate to high plasticity, and contained occasional fine to coarse
gravel-sized nodules of hard clay.

Decomposed Volcaniclastics (CL and SC): Decomposed volcaniclastics were encountered below the
residual soils and extended to the full depths explored (up to about 61 feet bgs). The decomposed
volcaniclastics typically consisted of sandy lean clay (CL), sandy lean clay with gravel (CL), gravelly clay
(CL), and clayey sand (SC). The decomposed volcaniclastics were typically very stiff to hard, varicolored
(brown, red-brown, black and gray), exhibiting moderate plasticity, contained variable amounts of sand
and gravel, and generally consisted of a blocky structure with an apparent decomposed rock fabric.

5.2 Groundwater

We did not encounter groundwater within the depths explored at the site between June 18 and 22, 2015.
Borings B-1 through B-3 were advanced using the mud rotary drilling technique, which precludes direct
observation of groundwater during drilling. However, we did observe occasional zones of wet/saturated
soil samples from about 5% to 10 feet bgs in borings B-1 and B-2, which may be representative of
perched groundwater. We did not observe any seepage or perched groundwater in the test pit
explorations. To approximate groundwater levels at the site, we researched available well logs located
within Sections 25 and 36, Township 2 South, Range 1 East on the Oregon Water Resources Department
(OWRD)3 website. Our review indicated that groundwater levels ranged from about 25 to 75 feet bgs in
the vicinity of the site. It should be noted that groundwater levels vary with local topography. In addition,
the groundwater levels reported on the OWRD logs often reflect the purpose of the well, so water well
logs may only report deeper, confined groundwater, while geotechnical or environmental borings will often
report any groundwater encountered, including shallow, unconfined groundwater. Therefore, the levels
reported on the OWRD well logs referenced above are considered generally indicative of local water
levels and may not reflect actual groundwater levels at the project site. We anticipate that groundwater
levels will fluctuate due to seasonal and annual variations in precipitation, changes in site utilization, or
other factors. Additionally, the on-site fill soils (CL FILL) and native lean to fat clay (CL-CH) are
conducive to formation of perched groundwater.

8 Oregon Water Resources Department, 2015. Water well logs obtained from OWRD website http://www.wrd.state.or.us/
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6.0 SITE SPECIFIC SEISMIC HAZARDS STUDY
6.1 Overview

We performed a Site-Specific Seismic Hazards Study for the site in accordance with Section 1803 of the
2014 Oregon Structural Specialty Code (OSSC). The complete results of our hazards study are
presented in the attached Appendix B. The following conclusions highlight the results of our SSSHS:

¢ We conclude that the soils encountered in the borings are non-liquefiable within the depths explored.
e We conclude there is a negligible risk of slope instability from a design-level earthquake.

e We conclude there is a low risk of surface rupture from faulting.

e We conclude there is a very low risk of surface rupture from lateral spread.

e We conclude there is a negligible risk of seiche inundation at this site.

6.2 Seismic Ground Motion Values

Earthquake ground motion parameters for the site were obtained based on the United States Geological
Survey (USGS) Seismic Design Values for Buildings - Ground Motion Parameter Calculator®. The
following table presents seismic ground motion values recommended for use in structural design of
structures at this site.

Table 1 Seismic Ground Motion Values (Section 1613.3.2 of 2014 OSSC)
Parameter Value
Mapped Acceleration Spectral Acceleration, 0.2 second (S,) 0.945g
Parameters Spectral Acceleration, 1.0 second (Sz ) 0.407g
Coefficients Site Coefficient, 0.2 sec. (Fa) 1.122
(Site Class D) Site Coefficient, 1.0 sec. (F) 1593
Adjusted MCE Spectral MCE Spectral Acceleration, 0.2 sec. (Sus ) 1.060g
Response Parameters MCE Spectral Acceleration, 1.0 sec. (Swz) 0.648g
Design Spectral Response Design Spectral Acceleration, 0.2 seconds (Sos ) 0.707g
Accelerations Design Spectral Acceleration, 1.0 second (Spz ) 0.432g

7.0 GEOTECHNICAL REVIEW & DISCUSSION

Based on the results of our field explorations and analyses, the site may be developed as described in
Section 1.1 of this report, provided the recommendations presented in this report are incorporated into the
design and development. Furthermore, based on the results of our field investigation, we do not
anticipate particularly difficult excavation conditions (i.e., due to presence of hard rock and/or boulders)
for shallow foundations or the proposed daylight basement within the southeast portion of the new school
building.

We conclude the primary geotechnical consideration at this site to be the presence of near-surface,
moisture-sensitive soils that are susceptible to disturbance during wet weather. Trafficability of these

4 United States Geological Survey, 2014. Seismic Design Parameters determined using:, “U.S. Seismic Design Maps Web

Application,” from the USGS website http://geohazards.usgs.gov/designmaps/us/application.php.

Carlson Geotechnical Page 10 of 25


http://geohazards.usgs.gov/designmaps/us/application.php

Sunset Primary School

West Linn, Oregon

CGT Project Number G1504201
July 15, 2015

soils may be difficult, and significant damage to the subgrade could occur, if earthwork is undertaken
without proper precautions at times when the exposed soils are more than a few percentage points above
optimum moisture content. If construction for this project occurs during what is typically known as the wet
season in this region, we recommend measures be implemented to protect fine-grained subgrade in
areas of repeated construction traffic and in foundation bearing areas. Recommendations for wet
weather construction are presented in Section 8.3 of this report. Re-use of the on-site soils as structural
fill during wet times of the year will require special consideration as discussed in Section 8.4.1 of this
report.

8.0 PRELIMINARY RECOMMENDATIONS

The recommendations presented in this report are based on the information provided to us, results of the
field investigation, laboratory data, and professional judgment. This report is considered preliminary, as
we have not reviewed final grading plans, finished floor elevations, and/or detailed structural information
for the development. An addendum indicating that this report is final, and including supplemental
recommendations, if warranted, can be issued after we have reviewed those items.

CGT has observed only a small portion of the pertinent subsurface conditions. The recommendations are
based on the assumptions that the subsurface conditions do not deviate appreciably from those found
during the field investigation. CGT should be consulted for further recommendations if the design and/or
location of the proposed development changes, or variations and/or undesirable geotechnical conditions
are encountered during site development.

8.1 Site Preparation
8.1.1 Demolition

Demolition of the existing Sunset Primary School building should include complete removal of all
structural elements, including foundations and concrete slabs. Abandoned buried utilities should similarly
be removed or grouted full. We understand demolition of the existing school structure will commence
once the new school has been constructed. Therefore, we anticipate concrete debris resulting from
demolition will be hauled off site for disposal.

Any concrete or asphaltic concrete debris resulting from any demolition prior to the construction of the
new school may be re-used as structural fill, provided it is processed in accordance with the
recommendations presented in Section 8.4.1 of this report. Alternatively, demolition debris should be
hauled off site for disposal.

8.1.2 Site Stripping

Existing topsoil, pavements and underlying base rock, lean clay fill (CL FILL), rooted soils and vegetation,

and landscaping fill should be removed from within, and for a minimum 5-foot margin around, the

proposed building pad, structural fill, and pavement areas. Based on the results of our field explorations,

the following stripping depths are anticipated:

¢ New School Building Pad — We observed organic silt topsoil (OL) depths within this area ranging from
about '/5-to 1-foot bgs. At test pit TP-4 and boring B-2, we observed lean clay fill (CL FILL) to a depth
of about 2 feet, likely placed to level out the existing baseball/play field. Stripped lean clay fill, rooted
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soils, vegetation, and landscaping materials should be transported off-site for disposal, or stockpiled
for later use in landscaped areas.

o New Bus Drop-off and Parking Lot Pavements — Since the west wing of the existing Sunset Primary
School building occupies the proposed main parking lot, CGT was unable to explore the subsurface
conditions in this area. Therefore, stripping depths associated with the main parking lot area will
need to be assessed after/during demolition of the existing school structure. We explored the
subsurface conditions of the proposed bus drop-off area and auxiliary parking lot with pavement
cores C-1 and C-2. The existing pavement section and underlying base rock extended to respective
depths ranging from about 9 inches to about 2 feet in C-1 and C-2. It should be noted that practical
refusal in the base rock was encountered at a depth of about 22 inches bgs in core C-2. Therefore,
the base rock likely extends deeper than 22 inches bgs in this area. The geotechnical engineer or his
representative should provide recommendations for actual stripping depths based on observations
made during site stripping. Stripped pavements and base rock should be transported off-site or
stockpiled for processing for use as structural fill as described in Section 8.4.1 of this report.

8.1.3  Grubbing

Grubbing of trees and shrubs should include the removal of the root mass, and roots greater than 1 inch
in diameter. Grubbed materials should be transported off-site for disposal. Where root masses are
removed, the resulting excavation should be properly backfilled with imported granular structural fill in
conformance with Section 8.4.2 of this report, as needed to achieve design subgrade elevations.

8.1.4 Existing Utilities & Below-Grade Structures

All existing utilities at the site should be identified prior to excavation. Abandoned utility lines beneath the
new building, pavements, and hardscaping features should be completely removed or grouted full. Soft,
loose, or otherwise unsuitable soils encountered in utility trench excavations should be removed and
replaced with structural fill as described in Section 8.4 of this report. Buried structures (i.e. footings,
foundation walls, retaining walls, slabs-on-grade, tanks, etc.), if encountered during site development,
should be completely removed and replaced with structural fill in conformance with Section 8.4 of this
report.

8.1.5 Subgrade Preparation — Building Pad & Pavement Areas

8.1.5.1 Dry Weather Construction

After site preparation as recommended above, but prior to placement of structural fill and/or aggregate
base, the geotechnical engineer or his representative should observe a proof roll test of the exposed
subgrade soils in order to identify areas of excessive yielding. Proof rolling of subgrade soils is typically
conducted during dry weather conditions using a fully-loaded, 10- to 12-cubic-yard, tandem-axle,
tire-mounted, dump truck or equivalent weighted water truck. Areas that appear too soft and wet to
support proof rolling equipment should be prepared in general accordance with the recommendations for
wet weather construction presented in Section 8.3 of this report. If areas of soft soil or excessive yielding
are identified, the affected material should be over-excavated to firm, stable subgrade, and replaced with
imported granular structural fill in conformance with Section 8.4.2 of this report.

8.1.5.2 Wet Weather Construction
Preparation of building pad and pavement subgrade soils during wet weather should be in conformance
with Section 8.3 of this report. As indicated therein, increased base rock sections and a geotextile
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separation fabric may be required in wet conditions in order to support construction traffic and protect the
subgrade. Cement amendment may also be considered to help stabilize subgrade soils during wet
weather.

8.1.6 Erosion Control

Erosion and sedimentation control measures should be employed in accordance with applicable City,
County, and State regulations regarding erosion control.

8.2 Temporary Excavations
8.2.1 OQverview

Conventional earthmoving equipment in proper working condition should be capable of making necessary
excavations for the anticipated site cuts as described earlier in this report. All excavations should be in
accordance with applicable OSHA and state regulations. It is the contractor's responsibility to select the
excavation methods, to monitor site excavations for safety, and to provide any shoring required to protect
personnel and adjacent improvements. A “competent person”, as defined by OR-OSHA, should be on-
site during construction in accordance with regulations presented by OR-OSHA. CGT'’s current role on
the project does not include review or oversight of excavation safety.

8.2.2 OSHA Soil Type

For use in the planning and construction of temporary excavations up to 8 feet in depth, an OSHA soil
type “B” may be used for the on-site, native, lean clay to fat clay (CL-CH).

8.2.3 Dewatering

Based on the results of the explorations, we do not anticipate that site excavations extending to depths
less than 10 feet will require area-wide dewatering during construction. Temporary dewatering of utility
trenches and other localized excavations may be required in the event perched groundwater is
encountered or during extended periods of inclement weather. We anticipate pumping from sumps
should be effective in removing perched groundwater at the site. Disposal locations should be reviewed
by the project civil engineer. If groundwater seepage is encountered on temporary cut slopes during
construction, provisions may be required to collect and divert the water from the cut slope and reduce the
potential of instability. The geotechnical engineer should be consulted in the event groundwater seepage
emerges within temporary cut slopes.

8.2.4  Utility Trenches

Temporary trench cuts should stand near vertical to depths of approximately 4 feet in the on-site native
lean clay to fat clay (CL-CH) and sandy lean clay with gravel (CL) encountered at the site. Some
instability may occur in this soil if groundwater seepage is encountered. If seepage undermines the
stability of the trench, or if caving of the sidewalls is observed during excavation, the sidewalls should be
flattened or shored. Depending on the time of year trench excavations occur, trench dewatering may be
required in order to maintain dry working conditions, particularly if the invert elevations of the proposed
utilities are below the groundwater level. If groundwater is present at the base of utility excavations, we
recommend placing trench stabilization material at the base of the excavations. Trench stabilization
material should be in conformance with Section 8.4.4 of this report.
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8.2.5 Excavations near Foundations

Excavations near footings should not extend within a 1H:1V (horizontal to vertical) plane projected out
and down from the outside, bottom edge of the footings. In the event that excavation needs to extend
within the referenced plane, temporary shoring of the excavation and/or underpinning of the subject
footing may be required. The geotechnical engineer should be consulted to review proposed excavation
plans for this design case to provide specific recommendations.

8.3 Wet Weather Considerations

For planning purposes, the wet season should be considered to extend from late September to late June.
It is our experience that dry weather working conditions should prevail between early July and the middle
of September. Notwithstanding the above, soil conditions should be evaluated in the field by the
geotechnical engineer or his representative at the initial stage of site preparation to determine whether
the recommendations within this section should be incorporated into construction.

8.3.1 General

The near-surface clay soils are susceptible to disturbance during wet weather. Trafficability of these soils
may be difficult, and significant damage to subgrade soils could occur, if earthwork is undertaken without
proper precautions at times when the exposed soils are more than a few percentage points above
optimum moisture content. For construction that occurs during wet weather, site preparation activities
may need to be accomplished using track-mounted equipment, loading removed material onto trucks
supported on granular haul roads, or other methods to limit soil disturbance. The geotechnical engineer
or his representative should evaluate the subgrade during excavation by probing rather than proof rolling.
Soils that have been disturbed during site preparation activities, or soft or loose areas identified during
probing, should be over-excavated to firm, stable subgrade, and replaced with imported granular
structural fill.

8.3.2 Geotextile Separation Fabric

We recommend a geotextile separation fabric be placed to serve as a barrier between the prepared
fine-grained subgrade and granular fill/base rock in areas of repeated or heavy construction traffic. The
geotextile fabric should be in conformance with Section 02320 of the current Oregon Department of
Transportation (ODOT) Standard Specification for Construction.

8.3.3 Granular Working Surfaces (Haul Roads & Staging Areas)

Haul roads subjected to repeated heavy, tire-mounted, construction traffic (e.g. dump trucks, concrete
trucks, etc.) will require a minimum of 18 inches of imported granular material. For light staging areas,
12 inches of imported granular material is typically sufficient. Additional granular material, geo-grid
reinforcement, or cement amendment may be recommended based on site conditions and/or loading at
the time of construction. The imported granular material should be in conformance with Section 8.4.2 of
this report and have less than 5 percent material passing the U.S. Standard No. 200 Sieve. The prepared
subgrade should be covered with geotextile fabric prior to placement of the imported granular material.
The imported granular material should be placed in a single lift (up to 24 inches thick) and compacted
using a smooth-drum, non-vibratory roller until well-keyed.
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8.3.4 Footing Subgrade Protection

A minimum of 3 inches of imported granular material is recommended to protect fine-grained footing
subgrades from foot traffic during inclement weather. The imported granular material should be in
conformance with Section 8.4.2 of this report, have less than 5 percent material passing the U.S.
Standard No. 200 Sieve, and have a maximum particle size limited to 1 inch. The imported granular
material should be placed in one lift over the prepared, undisturbed subgrade, and compacted using non-
vibratory equipment until well keyed.

8.3.5 Cement Amendment

It is sometimes less costly to amend near-surface, moisture-sensitive, fine-grained soils with Portland
cement than to remove and replace those soils with imported granular material. Successful use of soll
cement amendment depends on the use of correct techniques and equipment, soil moisture content, and
the amount of cement added to the subgrade (mix design). We anticipate the on-site clay soils (CL-CH)
are conducive to cement amendment due to their low plasticity and our experience with similar soils.

The recommended percentage of cement is based on soil moisture contents at the time the work is
performed. Based on our experience, 3 percent cement by weight of dry soil can generally be used when
the soil moisture content does not exceed approximately 20 percent. If the soil moisture content is in the
range of 25 to 35 percent, 4 to 6 percent by weight of dry soil is recommended. It is difficult to accurately
predict field performance due to the variability in soil response to cement amendment. The amount of
cement added to the soil may need to be adjusted based on field observations and performance.

If cement amendment is considered, we recommend additional sampling, laboratory testing, and a mix
design be performed to determine the level of improvement in engineering properties (strength, stiffness)
of the on-site soils when blended with Portland cement. We recommend project scheduling allow for a
minimum of 3 weeks for this testing and design to be completed, prior to initiating cement amendment.

8.4 Structural Fill

The geotechnical engineer should be provided the opportunity to review all materials considered for use
as structural fill (prior to placement). The geotechnical engineer or his representative should be
contacted to evaluate compaction of structural fill as the material is being placed. Evaluation of
compaction may take the form of in-place density tests and/or proof roll tests with suitable equipment.
Structural fill should be evaluated at intervals not exceeding every 2 vertical feet as the fill is being placed.

8.4.1 On-Site Soils — General Use

8.4.1.1 Asphalt & Concrete Debris

Asphalt and concrete debris resulting from the demolition of existing pavements and other features
(foundations, floor slabs, sidewalks, etc.) can be re-used as structural fill if processed/crushed into
material that is fairly well graded between coarse and fine. The processed/crushed concrete and/or
asphalt should contain no organic matter, debris, or particles larger than 4 inches in diameter. Moisture
conditioning (wetting) should be expected in order to achieve adequate compaction. When used as
structural fill, this material should be placed and compacted in general accordance with Section 8.4.2 of
this report.
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8.4.1.2 Undocumented Gravel Fill (GP Fill)

Re-use of the gravel fill materials (underlying the existing pavements) as structural fill is feasible, provided
they can be kept free of debris, deleterious materials, and particles larger than 4 inches in diameter. If
used as structural fill, these materials should be prepared in conformance with Section 8.4.2 of this report.

8.4.1.3 Residual Soils (CL-CH) and Decomposed Volcaniclastics (CL and SC)

Re-use of these soils as structural fill may be difficult because these soils are sensitive to small changes
in_ moisture content and are difficult, if not impossible, to adequately compact during wet weather. We
anticipate the moisture content of these soils will be higher than the optimum moisture content for
satisfactory compaction. Therefore, moisture conditioning (drying) should be expected in order to achieve
adequate compaction. If used as structural fill, these soils should be free of organic matter, debris, and
particles larger than 4 inches. When used as structural fill, these soils should be placed in lifts with a
maximum thickness of about 8 inches at moisture contents within —1 and +3 percent of optimum, and
compacted to not less than 92 percent of the material’'s maximum dry density, as determined in general
accordance with ASTM D1557 (Modified Proctor).

If the on-site soils cannot be properly moisture-conditioned and/or processed, we recommend using
imported granular material for structural fill.

8.4.2 Imported Granular Structural Fill — General Use

Imported granular structural fill should consist of angular pit or quarry run rock, crushed rock, or crushed
gravel that is fairly well graded between coarse and fine particle sizes. The granular fill should contain no
organic matter, debris, or particles larger than 4 inches, and have less than 5 percent material passing
the U.S. Standard No. 200 Sieve. For fine-grading purposes, the maximum particle size should be limited
to 1%z inches. The percentage of fines can be increased to 12 percent of the material passing the U.S.
Standard No. 200 Sieve if placed during dry weather, and provided the fill material is moisture-
conditioned, as necessary, for proper compaction. Granular fill material should be placed in lifts with a
maximum thickness of about 12 inches, and compacted to not less than 95 percent of the material’'s
maximum dry density, as determined in general accordance with ASTM D1557 (Modified Proctor).
Proper moisture conditioning and the use of vibratory equipment will facilitate compaction of these
materials.

Compaction of granular fill materials with high percentages of particle sizes in excess of 1%-inches
should be evaluated by periodic proof-roll observation or continuous observation by the geotechnical
engineering representative during fill placement, since it cannot be tested conventionally using a nuclear
densometer. Such materials should be “capped” with a minimum of 12 inches of ¥2-inch-minus (or finer)
granular fill under all structural elements (footings, concrete slabs, etc.).

8.4.3 Floor Slab Base Rock

Floor slab base rock should consist of well-graded granular material (crushed rock) containing no organic
matter or debris, have a maximum particle size of % inch, and have less than 5 percent material passing
the U.S. Standard No. 200 Sieve. Floor slab base rock should be placed in one lift and compacted to not
less than 95 percent of the material's maximum dry density as determined in general accordance with
ASTM D1557 (Modified Proctor).
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8.4.4 Trench Base Stabilization Material

If groundwater is present at the base of utility excavations, trench base stabilization material should be
placed. Trench base stabilization material should consist of a minimum of 1 foot of well-graded granular
material with a maximum particle size of 4 inches and less than 5 percent material passing the U.S.
Standard No. 4 Sieve. The material should be free of organic matter and other deleterious material,
placed in one lift, and compacted until well-keyed.

8.4.5 Trench Backfill Material

Trench backfill for the utility pipe base and pipe zone should consist of granular material as
recommended by the utility pipe manufacturer. Trench backfill above the pipe zone should consist of
well-graded granular material containing no organic matter or debris, have a maximum particle size of
¥ inch, and have less than 8 percent material passing the U.S. Standard No. 200 Sieve. As a guideline,
trench backfill should be placed in maximum 12-inch-thick lifts. The earthwork contractor may elect to
use alternative lift thicknesses based on their experience with specific equipment and fill material
conditions during construction in order to achieve the required compaction. The following table presents
recommended relative compaction percentages for utility trench backfill.

Table 2 Utility Trench Backfill Compaction Recommendations
. Recommended Minimum Relative Compaction
Backfill Zone -
Structural Areas! Landscaping Areas
90% ASTM D1557 or pipe 88% ASTM D1557 or pipe

Pipe Base and Within Pipe Zone , . ) .
manufacturer's recommendation manufacturer's recommendation

Above Pipe Zone 92% ASTM D1557 90% ASTM D1557

Within 3 Feet of Design Subgrade 95% ASTM D1557 90% ASTM D1557

lincludes proposed building, pavements, structural fill areas, exterior hardscaping, etc.

8.4.6 Controlled Low-Strength Material (CLSM)

CLSM is a self-compacting, cementitious material that is typically considered when backfilling localized
areas. CLSM is sometimes referred to as “controlled density fill’ or CDF. Due to its flowable
characteristics, CLSM typically can be placed in restricted-access excavations where placing and
compacting fill is difficult. If chosen for use at this site, we recommend the CLSM be in conformance with
Section 00442 of the most recent, State of Oregon, Standard Specifications for Highway Construction.
The geotechnical engineer’s representative should observe placement of the CLSM and obtain samples
for compression testing in accordance with ASTM D4832. As a guideline, for each day’s placement, two
compressive strength specimens from the same CLSM sample should be tested. The results of the two
individual compressive strength tests should be averaged to obtain the reported 28-day compressive
strength.

8.5 Permanent Slopes

Permanent cut or fill slopes constructed at the site should be graded at 2H:1V or flatter. Constructed
slopes should be overbuilt by a few feet depending on their size and gradient so that they can be properly
compacted prior to being cut to final grade. The surface of all slopes should be protected from erosion by
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seeding, sodding, or other acceptable means. Adjacent on-site and off-site structures should be located
at least 5 feet from the top of slopes.

New fill should be placed and compacted against horizontal surfaces. Where slopes exceed 5H:1V
(horizontal:vertical), the slopes should be keyed and benched prior to structural fill placement in general
accordance with the attached Fill Slope Detail, Figure 21. If subdrains are needed on benches, subject to
the review of the CGT geotechnical representative, they should be placed as shown on the attached Fill
Slope Detail. In order to achieve well compacted slope faces, slopes should be overbuilt by a few feet
and then trimmed back to proposed final grades. A representative from CGT should observe the
benches, keyways, and associated subdrains, if needed, prior to placement of structural fill.

8.6 Shallow Foundations

8.6.1 Subgrade Preparation

Satisfactory subgrade support for shallow foundations associated with the planned building addition can
be obtained from the native, residual soils (CL-CH), volcaniclastics (CL and SC) or on structural fill that is
properly placed and compacted on these materials during construction. The geotechnical engineer or his
representative should be contacted to observe subgrade conditions prior to placement of forms,
reinforcement steel, or structural fill (if required). If undocumented fill, organic, soft, loose, or otherwise
unsuitable soils are encountered, they should be over-excavated as recommended by the geotechnical
representative at the time of construction. The resulting over-excavation should be brought back to grade
with imported granular structural fill in conformance with Section 8.4.2 of this report. The maximum
particle size of over-excavation backfill should be limited to 1% inches. All granular pads for footings
should be constructed a minimum of 6 inches wider on each side of the footing for every vertical foot of
over-excavation.

8.6.2 Minimum Footing Width & Embedment

Minimum footing widths should be in conformance with the most recent, Oregon Structural Specialty
Code (OSSC). As a guideline, we recommend individual spread footings have a minimum width of
24 inches. Subject to review of the project structural engineer, we recommend continuous wall footings
have a minimum width of 18 inches. All footings should be founded at least 18 inches below the lowest,
permanent adjacent grade.

8.6.3 Bearing Pressure & Settlement

Footings founded as recommended above should be proportioned for a maximum allowable soil bearing
pressure of 2,500 pounds per square foot (psf). This bearing pressure is a net bearing pressure, applies
to the total of dead and long-term live loads, and may be increased by one-third when considering
seismic or wind loads. For foundations founded as recommended above, total settlement of foundations
is anticipated to be less than 1 inch. Differential settlements between adjacent columns and/or bearing
walls should not exceed Y2-inch.

8.6.4 Lateral Capacity

A maximum passive (equivalent fluid) earth pressure of 150 pounds per cubic foot (pcf) is recommended
for design of footings confined by the native soils described above, or imported granular structural fill that
is properly placed and compacted during construction. The recommended earth pressure was computed
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using a factor of safety of 1%, which is appropriate due to the amount of movement required to develop
full passive resistance. In order to develop the above capacity, the following should be understood:

1. Concrete must be poured neat in excavations or the foundations must be backfilled with imported
granular structural fill,

2. The adjacent grade must be level,

The static ground water level must remain below the base of the footings throughout the year.

4. Adjacent floor slabs, pavements, or the upper 12-inch-depth of adjacent, unpaved areas should not
be considered when calculating passive resistance.

w

An ultimate coefficient of friction equal to 0.35 may be used when calculating resistance to sliding for
footings founded on the native soils described above. An ultimate coefficient of friction equal to 0.45 may
be used when calculating resistance to sliding for footings founded on a minimum of 6 inches of imported
granular structural fill (crushed rock) that is properly placed and compacted during construction.

8.6.5 Subsurface Drainage

Recognizing the fine-grained nature of the site soils, placement of perimeter foundation drains is
recommended at the base elevations of continuous wall footings on the outside of footings. Foundation
drains should consist of a minimum 4-inch-diameter, perforated, HDPE (High Density Polyethylene)
drainpipe wrapped with a non-woven geotextile filter fabric. The drains should be backfilled with a
minimum of 2 cubic feet of open graded drain rock per lineal foot of pipe. The drain rock should be
encased in a geotextile filter fabric in order to provide separation from the surrounding soils. Foundation
drains should be positively sloped and should outlet to a suitable discharge point. A representative from
CGT should be contacted to observe the drains prior to backfilling. Roof drains should not be tied into
foundation drains.

8.7 Rigid Retaining Walls

8.7.1 Footings

Retaining wall footings should be designed and constructed in conformance with the recommendations
presented in Section 8.6 of this report, as applicable.

8.7.2 Wall Drains

We recommend retaining wall drains consist of a minimum 4-inch diameter, perforated, HDPE (High
Density Poly-Ethylene) drainpipe wrapped with a non-woven geotextile filter fabric. The drains should be
backfilled with a minimum of 2 cubic feet of open graded drain rock per lineal foot of pipe. The drain rock
should be encased in a geotextile fabric in order to provide separation from the surrounding soils.
Retaining wall drains should be positively sloped and should outlet to a suitable discharge point. The
geotechnical engineer or his representative should be contacted to observe the drains prior to backfilling.

8.7.3  Backfill

Retaining walls should be backfilled with imported granular structural fill in conformance with
Section 8.4.2 of this report and contain less than 5 percent passing the U.S. Standard No. 200 Sieve.
The backfill should be compacted to a minimum of 90 percent of the material’'s maximum dry density as
determined in general accordance with ASTM D1557 (Modified Proctor). When placing fill behind walls,
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care must be taken to minimize undue lateral loads on the walls. Heavy compaction equipment should be
kept at least “H” feet from the back of the walls, where “H" is the height of the wall. Light mechanical or
hand tamping equipment should be used for compaction of backfill materials within “H” feet of the back of
the walls.

8.7.4 Design Considerations

For rigid retaining walls founded, backfilled, and drained as recommended above, the following table
presents parameters recommended for design.

Table 3 Design Parameters for Rigid Retaining Walls
) Static Equivalent | Additional Seismic Surcharge from Uniform
Retaining Wall Condition Moiﬂizi?iz:]kﬁ” Fluid Pressure Equivalent Fluid Load, g, Acting on Backfill
(Sn) Pressure (Sag) Behind Retaining Wall
Not Restrained from Rotation Level (i=0) 29 pcf 12 pcf 0.22%q
Restrained from Rotation Level (i=0) 52 pcf 5 pef 0.38%q

Note 1. Refer to the attached Figure 22 for a graphical representation of static and seismic loading conditions. Seismic component of active
thrust acts at 0.6H above the base of the wall.

Note 2. Seismic (dynamic) lateral loads were computed using the Mononobe-Okabe Equation as presented in the 1997 Federal Highway
Administration (FHWA) design manual.

The above design recommendations are based on the assumptions that:

(1) the walls consist of concrete cantilevered retaining walls (B = 0 and 3 = 24 degrees, see Figure 22).

(2) the walls are 10 feet or less in height.

(3) the backfill is drained and consists of imported granular structural fill (¢ = 38 degrees).

(4) no line load, point, or area load surcharges are imposed behind the walls.

(5) the grade behind the wall is level, or sloping down and away from the wall, for a distance of 10 feet or
more from the wall.

(6) the grade in front of the walls is level or sloping up for a distance of at least 5 feet from the wall.

Re-evaluation of our recommendations will be required if the retaining wall design criteria for the project
vary from these assumptions.

8.8 Floor Slabs

8.8.1 Subgrade Preparation

Floor slab subgrade preparation should be in conformance with Section 8.1.5 of this report.

8.8.2 Crushed Rock Base

Concrete floor slabs should be supported on a minimum 6-inch-thick layer of crushed rock (base rock) in
conformance with Section 8.4.3 of this report. We recommend “choking” the surface of the base rock with
fine sand just prior to concrete placement. Choking means the voids between the largest aggregate
particles are filled with sand, but does not provide a layer of sand above the base rock. Choking the base
rock surface reduces the lateral restraint on the bottom of the concrete during curing. Fine sand used for
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choking purposes should be in conformance with Section 00360.10 of the most recent State of Oregon,
Standard Specifications for Highway Construction (OSSC).

8.8.3 Design Considerations

For floor slabs constructed as recommended, a modulus of subgrade reaction of 75 pounds per cubic
inch (pci) is recommended for the design of the floor slab. Floor slabs constructed as recommended will
likely settle less than Y2-inch. For general floor slab construction, slabs should be jointed around columns
and walls to permit slabs and foundations to settle differentially.

8.8.4 Subgrade Moisture Considerations

Liguid moisture and moisture vapor should be expected at the subgrade surface. The recommended
crushed rock base is anticipated to provide protection against liquid moisture. Where moisture vapor
emission through the slab must be minimized, e.g. impervious floor coverings, storage of moisture
sensitive materials directly on the slab surface, etc., a vapor retarding membrane or vapor barrier below
the slab should be considered. Factors such as cost, special considerations for construction, floor
coverings, and end use suggest that the decision regarding a vapor retarding membrane or vapor barrier
be made by the architect and owner.

If a vapor retarder or vapor barrier is placed below the slab, its location should be based on current
American Concrete Institute (ACI) guidelines, ACI 302 Guide for Concrete Floor and Slab Construction.
In some cases, this indicates placement of concrete directly on the vapor retarder or barrier. Please note
that the placement of concrete directly on impervious membranes increases the risk of plastic shrinkage
cracking and slab curling in the concrete. Construction practices to reduce or eliminate such risk, as
described in ACI 302, should be employed during concrete placement.

8.9 Flexible Pavements

8.9.1 Subgrade Preparation

Pavement subgrade preparation should be in conformance with Section 8.1.5 of this report. Pavement
subgrade surfaces should be crowned (or sloped) for proper drainage in accordance with specifications
provided by the project civil engineer.

8.9.2 Input Parameters

Design of the hot mixed asphaltic concrete (HMAC) pavement sections presented below was based on
the parameters presented in the following table and the American Association of State Highway and
Transportation Officials (AASHTO) 1993 “Design of Pavement Structures” manual. If any of the items
listed need revised, please contact us and we will reassess the provided design sections.
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Table 4 Input Parameters Used in HMAC Pavement Design
Input Parameter Design Value! Input Parameter Design Value!
Pavement Design Life 20 years Resilient Modulus Subgrade (Native Clay)3 4,500 psi‘
Annual Percent Growth 0 percent Crushed Aggregate Base 22,500 psi
Serviceability 4.2 initial, 2.5 terminal Structural Crushed Aggregate Base 0.10
Reliability 75 percent Coefficient Asphalt 0.42
Standard Deviation 0.49 Vehicle Traffict APAO Level | (Very Light) 10,000
Drainage Factor? 1.0 (ESALSs) APAO Level Il (Light) 50,000
1 If any of the above parameters are incorrect, please contact us so that we may revise our recommendations, if warranted.
2 Assumes good drainage away from pavement, base, and subgrade is achieved by proper crowning of subgrades.
3 Values based on experience with similar soils in the region.
4 ESAL = Total 18-Kip equivalent single axle load. Traffic levels taken from Table 3.1 of APAO manual. If actual traffic levels will be
above those identified above, the geotechnical engineer should be consulted.

8.9.3 Recommended Minimum Sections

The following table presents the minimum HMAC pavement sections for the design traffic levels indicated
in Table 4 above, based on the referenced AASHTO procedures.

Table 5 Recommended Minimum HMAC Pavement Sections
Material Thickness (inches)
Material APAO Level | APAO Level II
(Passenger Car Parking) (Bus/Entrance/Service Drive Lanes)
HMAC Pavement 3 4
Aggregate Base! 7 9
Subgrade Soils Prepared in conformance with Section 8.1.5 of this report.
1Thickness shown assumes dry weather construction. Increased base rock sections and/or a geotextile separation fabric may be required
in wet conditions in order to support construction traffic and protect the subgrade. Refer to Section 8.3 for additional discussion.

8.9.4 HMAC Pavement Materials

We recommend pavement aggregate base consist of dense-graded aggregate in conformance with
Section 02630.10 of the most recent State of Oregon, Standard Specifications for Highway Construction
(OSSC), with the following additional considerations. We recommend the material consist of crushed
rock or gravel, have a maximum particle size of 1% inches, and have less than 5 percent material passing
the U.S. Standard No. 200 Sieve. Aggregate base should be compacted to not less than 95 percent of
the material’s maximum dry density as determined in general accordance with ASTM D1557 (Modified
Proctor).

We recommend asphalt pavement consist of Level 2, %-inch, dense-graded HMAC in conformance with
the most recent OSSC. Asphalt pavement should be compacted to at least 91 percent of the material’s
theoretical maximum density as determined in general accordance with ASTM D2041 (Rice Specific
Gravity).
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8.10 Rigid (Concrete) Pavements

8.10.1 Subgrade Preparation

Subgrade preparation of pavements should be in conformance with Section 8.1.5 of this report.
Pavement subgrade surfaces should be crowned (or sloped) for proper drainage in accordance with
specifications provided by the project civil engineer.

8.10.2 Input Parameters

Design of the rigid pavement sections presented below was based on the assumed parameters
presented in the following table and the AASHTO design manual referenced in Section 8.9.2. If any of
the items listed need revision, please contact us and we will reassess the pavement design section
provided in Table 7 . Jointing, reinforcement, and surface finish should be performed in accordance with
the project civil engineer, architect, and owner requirements.

Table 6 Input Parameters Used in Concrete Pavement Design
Parameter / Discussion Design Value
Load Transfer Devices incorporated? Yes; Load Transfer Coefficient? = 3.2
Minimum Concrete Modulus of Rupture 600 psi
Mean Concrete Elastic Modulus 5.0 x 108 psi
Minimum Air-Entrained Concrete Comp. Strength 4,000 psi
Inherent Reliability 75 Percent
Granular All-Weather Leveling Course Yes
. . APAO Level | (Very Light 10,000 ESAL
vehicle Traffic* (range) APAO Level( i (Lyigh?) | 50,000 ESAL
1ESAL = Total 18-Kip equivalent single axle load. Traffic levels taken from Table 3.1 of APAO manual.
2 Recommended default value per AASHTO.

8.10.3 Recommended Minimum Sections

The following table presents the recommended minimum concrete pavement sections based on the
referenced AASHTO procedures.

Table 7 Recommended Minimum Concrete Pavement Section
. APAO Traffic Loading
Material
Level | Level Il
Portland Cement Concrete, PCC? (inches) 3V 4Y5
Leveling Coarse, Sand or All-Weather Base22 (inches) 4 4
Subgrade Soils Prepared in conformance with Section 8.10.1

1 Concrete strength and other properties should be in conformance with Table 9.

2 Leveling coarse thickness should be a minimum of four times the maximum particle size. Example. If crushed rock up to % inch in diameter is
used, the leveling course should be at least 3 inches thick.

3 Increased base rock sections and/or a geotextile separation fabric may be required in wet conditions in order to support construction traffic and
protect the subgrade. Refer to Section 8.3 for recommendations for wet weather construction.
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8.11 Additional Considerations

8.11.1 Drainage

Subsurface drains should be connected to the nearest storm drain, on-site stormwater infiltration system
(designed by others), or other suitable discharge point. Paved surfaces and grading near or adjacent to
the building should be sloped to drain away from the building. Surface water from paved surfaces and
open spaces should be collected and routed to a suitable discharge point. Surface water should not be
directed into foundation drains.

8.11.2 Expansive Potential

The near surface native soils (residual soils) consist of moderate to high plasticity clay (CL-CH).
However, based on experience with similar soils in the area of the site, these soils are not considered to
be susceptible to appreciable movements from changes in moisture content. Accordingly, no special
considerations are required to mitigate expansive potential of the near surface soils at the site.

9.0 RECOMMENDED ADDITIONAL SERVICES
9.1 Design Review

Geotechnical design review is of paramount importance. We recommend the geotechnical design review
take place prior to releasing bid packets to contractors. As indicated previously, we recommend the
geotechnical engineer be consulted to provide specific geotechnical recommendations and supplemental
recommendations for design and construction for the selected foundation system.

9.2 Observation of Construction

Satisfactory earthwork, foundation, floor slab, and pavement performance depends to a large degree on
the quality of construction. Sufficient observation of the contractor’s activities is a key part of determining
that the work is completed in accordance with the construction drawings and specifications. Subsurface
conditions observed during construction should be compared with those encountered during subsurface
explorations, and recognition of changed conditions often requires experience. We recommend that
qualified personnel visit the site with sufficient frequency to detect whether subsurface conditions change
significantly from those observed to date and anticipated in this report. We recommend the geotechnical
engineer or their representative attend a pre-construction meeting coordinated by the contractor and/or
developer. The project geotechnical engineer or their representative should provide observations and/or
testing of at least the following earthwork elements during construction:

e Site Stripping & Grubbing

e Subgrade Preparation for Structural Fills, Shallow Foundations, Retaining Walls, Floor Slabs &
Pavements

e Compaction of Structural Fill, Retaining Wall Backfill, & Utility Trench Backfill

e Placement of Foundation Drains, Retaining Wall Drains, & Other Drains

e Compaction of Base Rock for Floor Slabs & Pavements

e Compaction of HMAC for Pavements
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It is imperative that the owner and/or contractor request earthwork observations and testing at a
frequency sufficient to allow the geotechnical engineer to provide a final letter of compliance for the
earthwork activities.

10.0 LIMITATIONS

We have prepared this report for use by the owner/developer and other members of the design and
construction team for the proposed development. The opinions and recommendations contained within
this report are not intended to be, nor should they be construed as a warranty of subsurface conditions,
but are forwarded to assist in the planning and design process.

We have made observations based on our explorations that indicate the soil conditions at only those
specific locations and only to the depths penetrated. These observations do not necessarily reflect soil
types, strata thickness, or water level variations that may exist between or away from our explorations. If
subsurface conditions vary from those encountered in our site explorations, CGT should be alerted to the
change in conditions so that we may provide additional geotechnical recommendations, if necessary.
Observation by experienced geotechnical personnel should be considered an integral part of the
construction process.

The owner/developer is responsible for ensuring that the project designers and contractors implement our
recommendations. When the design has been finalized, prior to releasing bid packets to contractors, we
recommend that the design drawings and specifications be reviewed by our firm to see that our
recommendations have been interpreted and implemented as intended. If design changes are made, we
request that we be retained to review our conclusions and recommendations and to provide a written
modification or verification. Design review and construction phase testing and observation services are
beyond the scope of our current assignment, but will be provided for an additional fee.

The scope of our services does not include services related to construction safety precautions, and our
recommendations are not intended to direct the contractor's methods, techniques, sequences, or
procedures, except as specifically described in our report for consideration in design.

Geotechnical engineering and the geologic sciences are characterized by a degree of uncertainty.
Professional judgments presented in this report are based on our understanding of the proposed
construction, familiarity with similar projects in the area, and on general experience. Within the limitations
of scope, schedule, and budget, our services have been executed in accordance with the generally
accepted practices in this area at the time this report was prepared; no warranty, expressed or implied, is
made. This report is subject to review and should not be relied upon after a period of three years.
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SUNSET PRIMARY SCHOOL - WEST LINN, OREGON
Project Number G1504201

™
TP-7/1T-2 B-4/1T-1
EXISTING SCHOOL BUILDING
(TO BE REMOVED)
™
P9/ IT-4
®
C-2/DCP-2
®
C-1/DCP-1
TP-10/IT-5 1P-6/1T-6
A\ <
B-3
™
TP-8/IT-3
TP-1 Mg Test pit location e W Orientation of site photographs shown on Figure 2

B-1 @y Drilled boring location TP-7/IT-2 Mg  Testpit/infiltration test location.

c1/ @ Pavement core / Dynamic Cone Penetrometer test /
WDCP-1 hand auger boring

B-4/1T-1 @ Drilled boring / infiltration test location I:I Approximate footprint of the new Sunset Primary School.

Approximate areas of new pavements.




SUNSET PRIMARY SCHOOL - WEST LINN, OREGON FIGURE 3

Project Number G1504201 Site Photographs

Photograph 1: Excavation of test pit TP-1 in progress. Photograph 2: Drill rig at boring B-3.

Photograph 3: Looking northwest at the baseball/play field with the Photograph 4: Concrete debris encountered in test pit TP-9.
covered play structure in the background.

pRLSG
e ¥
503-601-8250

See Figure 2 for approximate photograph locations and directions. Photographs were taken at the time of our fieldwork.




SUNSET PRIMARY SCHOOL - WEST LINN, OREGON FIGURE 4

Project Number G1504201 USCS
Classification of Terms and Content USCS Grain Size
NAME: MINOR Constituents (12-50%); MAJOR Fines <#200 (.075 mm)
gorst_tituegts (iso%é Slighttly (5-12%) — #200 -#40 (425 )
ce|a ve Density or Consistency Sand Medium #40 - #10 (2 mm)
o Coarse #10 - #4 (4.75)
Moisture Content Fine #4075 inch
Plasticity Gravel e !
Trace Constituents (0-5%) Coarse 0.75 |nclh - 3 inches
Other: Grain Shape, Approximate Gradation, 3 to 12inches;
Organics, Cement, Structure, Odor... Cobbles scattered <15% est.
Geologic Name or Formation: Fill, Willamette Sitt, Till, Alluvium, numerous >15% est.
etc. Boulders > 12 inches

Relative Density or Consistency
Granular Material Fine-Grained (cohesive) Materials
N-?/:Le Density N-?/ZLe Sl;r:anrlzqfe:]s;th P?J?lt;?nl:f,iir;ff Consistency Manual Penetration Test
<2 <0.13 <0.25 Very Soft Thumb penetrates more than 1 inch
0-4 Very Loose 2-4 0.13-0.25 0.25-0.50 Soft Thumb penetrates about 1 inch
4-10 Loose 4-8 0.25-0.50 0.50 - 1.00 Medium Stiff Thumb penetrates about %4 inch
10-30 Medium Dense 8-15 0.50 - 1.00 1.00-2.00 Stiff Thumb penetrates less than % inch
30 - 50 Dense 15-30 1.00-2.00 2.00-4.00 Very Stiff Readily indented by thumbnail
>50 Very Dense >30 >2.00 >4.00 Hard Difficult to indent by thumbnail
Moisture Content Structure

Dry: Absence of moisture, dusty, dry to the touch
Damp: Some moisture but leaves no moisture on hand
Moist: Leaves moisture on hand

Wet: Visible free water, likely from below water table

Blocky: Cohesive soil that can be broken down into small angular lumps
Fissured: Breaks along definite fracture planes

Homogeneous: Same color and appearance throughout

Laminated: Alternating layers < 6 mm thick

Plasticity Dry Strength Dilatancy
ML Non to Low Non to Low Slow to Rapid
CL Low to Medium Medium to High None to Slow
MH Medium to High Low to Medium None to Slow
CH Medium to High High to Very High None

Toughness ) , ,
Lenses: Has small pockets of different soils, note thickness
Low, can't roll
Medium Slickensided: Striated, polished, or glossy fracture planes
Low tzig: dium Stratified: Alternating layers of material or color >6 mm thick

Unified Soil Classification Chart (Visual-Manual Procedure) (Similar to ASTM Designation D-2487)

I, Group .
Major Divisions Symbols Typical Names
. Clean GW Well-graded gravels and gravel/sand mixtures, little or no fines
Coarse rGertaa\iI:eIZ gr? %o Ormore | Gravels GP Poorly-graded gravels and gravel/sand mixtures, little or no fines
Grained the No. 4 sieve Gravels GM Silty gravels, gravel/sand/silt mixtures
Mosrgllti‘an with Fines GC Clayey gravels, gravel/sand/clay mixtures
50% retained Clean SwW Well-graded sands and gravelly sands, little or no fines
0 Sands: More than Sand - "
on No. 200 50% passing the ands SP Poorly-graded sands and gravelly sands, little or no fines
sieve No. 4 sieve Sands SM Silty sands, sand/silt mixtures
with Fines SC Clayey sands, sand/clay mixtures
Sitand I ML Inorganic silts, rock flour, clayey silts
Fine-Grained L 1 and v1ays CL Inorganic clays of low to medium plasticity, gravelly clays, sandy clays, lean clays
Soils: ow Plasticity Fines oL Organic st and i d 0 st
50% or more - | rganlc. si .I?n |orgamcllt& y clays of low plasticity
norganic silts, clayey silts
e Silt and Clays CH | n | f{ryh lastictty, fat c
200 Sieve High Plasticity Fines norganic clays of high plasticity, fat clays
OH Organic clays of medium to high plasticity
Highly Organic Soils PT Peat, muck, and other highly organic soils
Additional References:

503-601-8250

ASTM D2487 Standard Practice for Classification of Soils for Engineering Purposes and
ASTM D2488 Standard Practice for Description and Identification of Soils (Visual-Manual Procedure)
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CLIENT West Linn

Carlson Geotechnical

7185 SW Sandburg Street, Suite 110
Tigard, Oregon 97223

Telephone: (503) 601-8250

Fax: (503) 601-8254

Wilsonville School District

PROJECT NUMBER _G1504201

FIGURE 5

Test Pit TP-1

PAGE 1 OF 1

PROJECT NAME Sunset Primary School

PROJECT LOCATION _2351 Oxford Street - West Linn, OR

DATE STARTED _6/18/15

EXCAVATION CONTRACTOR _CGT

EQUIPMENT _Case

GROUND ELEVATION 559 ft

CX55B

EXCAVATION METHOD _Test Pit

ELEVATION DATUM _See Figure 2

LOGGED BY _MDI/BLN
SEEPAGE _---

REVIEWED BY _JPQ

GROUNDWATER ATEND _---

|

blocky structure with decomposed rock fabric
apparent.
{DECOMPOSED VOLCANICLASTICS}

NOTES GROUNDWATER AFTER EXCAVATION _---
14 . .
= M N ES " b E A WDCP Ng, VALUE A
o |8 < S | > w |
F_|Zo| 3 Z|E_| FU R &2 |PolEe PL LL
<>( = % O MATERIAL DESCRIPTION gloagl Ys |>5C| A <>': welZzg e —Al
oz 3 S8 E2 8% 23 18|57 Me
| [0} z =
m o = |0 O |X | JFINES CONTENT (%)
Ol o 0 20 40 60 80100
— —| oL | ORGANIC SILT TOPSOIL: Very stiff, brown,
o damp to moist, exhibited low plasticity, and 4.00
oL contained frequent fine roots (< Y-inch diameter). '
- - FILL| LEANCLAY FILL: Very stiff, brown, damp to - 4.00
moist, and exhibited low plasticity.
GP | 3-inch diameter perforated pipe encountered at 3.75
L \FILL/| \ about 1% feet bgs and surrounded by 1-inch I 3.50
diameter drain rock. '
LEAN CLAY TO FAT CLAY: Very stiff, brown to 3.50
orange-brown, moist, moderate to high plasticity,
= - with occasional fine to coarse gravel-sized nodules = RAR 2.50
of hard clay (break down under moderate hand % 3.3
pressure). 275
555 CL- | {RESIDUAL SOIL}
CH - 3.00
| 5
SANDY LEAN CLAY WITH GRAVEL.: Very stiff i @ RAB ®
cL | to hard, varicolred (brown, red-brown, black, and : 2 22
gray), moist, moderate plasticity, fine to coarse
sand, fine to coarse angular to sub-angular gravel,

550

545

« Test pit terminated at a depth of about 7 feet bgs
due to difficult excavation conditions.

* No caving or groundwater observed within test pit
excavation.

* Test pit loosely backfilled with excavation spoils
upon completion.
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FIGURE 6

Test Pit TP-2
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PROJECT NAME Sunset Primary School

PROJECT LOCATION _2351 Oxford Street - West Linn, OR

DATE STARTED _6/18/15

EXCAVATION CONTRACTOR _CGT
EQUIPMENT _Case CX55B

GROUND ELEVATION 557 ft

EXCAVATION METHOD _Test Pit

ELEVATION DATUM _See Figure 2

LOGGED BY _MDI/BLN
SEEPAGE

REVIEWED BY _JPQ

GROUNDWATER AT END

NOTES GROUNDWATER AFTER EXCAVATION _---
14 . .
= M N X " b E A WDCP Ng, VALUE A
E_|ZTo| & Sle_| F9 53] 352 |folEe PL LL
<E|%0 MATERIAL DESCRIPTION ologl 42 |59| as |LE|Zz8 [ S
oz 3 S8 E2 8% 23 18|57 Me
| [0} z =
m o = |0 O |X | JFINES CONTENT (%)
Ol o 0 20 40 60 80100
- —| OL | ORGANIC SILT TOPSOIL: Very stiff, brown,
damp to moist, exhibited low plasticity, and 3.00
contained frequent fine roots (< Y-inch diameter). '
- - LEAN CLAY TO FAT CLAY: Very stiff, brown to - 2.50
orange-brown, moist, moderate to high plasticity,
with occasional fine to coarse gravel-sized nodules 3.00
555 of hard clay (break down under moderate hand
pressure). - @ RAR 2.50 o
{(RESIDUAL SOIL} ﬁ ]
2.50
- — - 2.50
cL 2.50
- — - 2.75
N | 5
550 R
SANDY LEAN CLAY WITH GRAVEL.: Very stiff
to hard, varicolred (brown, red-brown, black, and
gray), moist, moderate plasticity, fine to coarse
L i sand, fine to coarse angular to sub-angular gravel, L
blocky structure with decomposed rock fabric @ERAE ®
cL | apparent. 2 0
{DECOMPOSED VOLCANICLASTICS}
L 10
* Test pit terminated at a depth of about 10 feet
bgs.
B i * No caving or groundwater observed within test pit
excavation.
* Test pit loosely backfilled with excavation spoils
upon completion.
545
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FIGURE 7

Test Pit TP-3
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PROJECT NAME Sunset Primary School

PROJECT LOCATION _2351 Oxford Street - West Linn, OR

DATE STARTED

6/18/15 GROUND ELEVATION 557 ft

EXCAVATION CONTRACTOR _CGT
EQUIPMENT _Case CX55B

EXCAVATION METHOD _Test Pit

NOTES

ELEVATION DATUM _See Figure 2

LOGGED BY _MDI/BLN
SEEPAGE _---

REVIEWED BY _JPQ

GROUNDWATER ATEND _---

GROUNDWATER AFTER EXCAVATION _---

ELEVATION
(ft)
GRAPHIC
LOG
us.cs

MATERIAL DESCRIPTION

GROUNDWATER
DEPTH
(ft)
SAMPLE TYPE
NUMBER
RECOVERY %
(RQD)
WDCP
Ngo VALUE

POCKET PEN.
(tsf)

A WDCP N, VALUE A

PL LL
R,
MC

DRY UNIT WT.
(pcf)

[J FINES CONTENT (%) [J
0 20 40 60 80100

—— ] OL

ORGANIC SILT TOPSOIL: Very stiff, brown,
damp to moist, exhibited low plasticity, and

CL
FILL

contained frequent fine roots (< Y-inch diameter).

LEAN CLAY FILL: Very stiff, brown, damp to
moist, and exhibited low plasticity.

GP
555 \FILL

CL-

3-inch diameter perforated pipe encountered at
about 1% feet bgs and surrounded by 1-inch
diameter drain rock.

LEAN CLAY TO FAT CLAY: Very stiff, brown to
orange-brown, moist, moderate to high plasticity,
with occasional fine to coarse gravel-sized nodules
of hard clay (break down under moderate hand
pressure).

{RESIDUAL SOIL}

550

CL

SANDY LEAN CLAY WITH GRAVEL.: Very stiff

to hard, varicolred (brown, red-brown, black, and
gray), moist, moderate plasticity, fine to coarse
sand, fine to coarse angular to sub-angular gravel,
blocky structure with decomposed rock fabric
apparent.

{DECOMPOSED VOLCANICLASTICS}

@ERﬁB

@ERZAB

10

4.00
4.00
3.50
3.00
3.00
3.00

2.50

545

* Test pit terminated at a depth of about 10 feet
bgs.

* No caving or groundwater observed within test pit
excavation.

* Test pit loosely backfilled with excavation spoils
upon completion.
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FIGURE 8

Test Pit TP-4
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PROJECT NAME Sunset Primary School

PROJECT LOCATION _2351 Oxford Street - West Linn, OR

DATE STARTED _6/18/15
EXCAVATION CONTRACTOR _CGT
EQUIPMENT _Case CX55B

GROUND ELEVATION 555 ft

EXCAVATION METHOD _Test Pit

ELEVATION DATUM _See Figure 2

LOGGED BY _MDI/BLN
SEEPAGE _---

REVIEWED BY _JPQ

GROUNDWATER ATEND _---

NOTES GROUNDWATER AFTER EXCAVATION _---
14
w o . .
> o i al i " E E A WDCP Ng, VALUE A
o |= o <\ 5 lgal a2 |a
<E|ZX0| & MATERIAL DESCRIPTION S|agl YE |39| as |Lgl28 [ S
MEAE 2|8 23 32| =5 253° e
o pd
m o = |0 O |X | JFINES CONTENT (%)
Ol o 0 20 40 60 80100
— —| oL | ORGANIC SILT TOPSOIL: Very stiff, brown, dry
pg— to damp, exhibited low plasticity, and contained 4.50
frequent fine roots (< Y-inch diameter). '
- B cL LEAN CLAY FILL: Very stiff, brown to dark = 2.00
FILL brown, dry to damp, exhibited low plasticity, and
with trace fine to coarse rounded gravel (up to 4.50
about Y%-inch in diameter).
i LEAN CLAY TO FAT CLAY: Very stiff, brown to T 2.00
orange-brown, moist, moderate to high plasticity, 2.00
with occasional fine to coarse gravel-sized nodules '
L i of hard clay (break down under moderate hand L 3.00
pressure).
{RESIDUAL SOIL} 3.50
L i - @ RAR 3.25 29 55
J 32
cL L
550 5
i SANDY LEAN CLAY WITH GRAVEL: Very stiff T
to hard, varicolred (brown, red-brown, black, and
gray), moist, moderate plasticity, fine to coarse
L i sand, fine to coarse angular to sub-angular gravel, L
blocky structure with decomposed rock fabric @ERAE
cL | apparent. 2
{DECOMPOSED VOLCANICLASTICS}
545 10
* Test pit terminated at a depth of about 10 feet
bgs.
B i * No caving or groundwater observed within test pit
excavation.
* Test pit loosely backfilled with excavation spoils
upon completion.
540
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FIGURE 9

Test Pit TP-5
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PROJECT NAME Sunset Primary School

PROJECT LOCATION _2351 Oxford Street - West Linn, OR

DATE STARTED _6/18/15

EXCAVATION CONTRACTOR _CGT
EQUIPMENT _Case CX55B

GROUND ELEVATION 546 ft

EXCAVATION METHOD _Test Pit

ELEVATION DATUM _See Figure 2

LOGGED BY _MDI/BLN
SEEPAGE _---

REVIEWED BY _JPQ

GROUNDWATER ATEND _---

NOTES GROUNDWATER AFTER EXCAVATION _---
14 . .
= M N X " b E A WDCP Ng, VALUE A
S |12 |4 <|r > > =B
E_|ZTo| & Sle_| F9 53] 352 |folEe PL LL
<E|%0 MATERIAL DESCRIPTION ologl 42 |59| as |LE|Zz8 [ S
oz 3 S8 E2 8% 23 18|57 Me
— [G) z =
m o = |0 O |X | JFINES CONTENT (%)
Ol o 0 20 40 60 80100
L1 OL | ORGANIC SILT TOPSOIL: Very stiff, brown, dry
to damp, exhibited low plasticity, and contained 1.50
frequent fine roots (< Y-inch diameter). '
545 LEAN CLAY TO FAT CLAY: Very stiff, brown to - 1.50
orange-brown, moist, moderate to high plasticity,
with occasional fine to coarse gravel-sized nodules 3.00
of hard clay (break down under moderate hand
r b pressure). - 2.50
{(RESIDUAL SOIL} ¥ RAS 3
2.50
- — CL- - 3.00
CH
2.75
— - 3.25
| 5
540 L
SANDY LEAN CLAY WITH GRAVEL.: Very stiff @ERAB
to hard, varicolred (brown, red-brown, black, and 2
gray), moist, moderate plasticity, fine to coarse
i sand, fine to coarse angular to sub-angular gravel, L
blocky structure with decomposed rock fabric
apparent.
{DECOMPOSED VOLCANICLASTICS}
- CL - -
10

535

* Test pit terminated at a depth of about 10 feet
bgs.

* No caving or groundwater observed within test pit
excavation.

* Test pit loosely backfilled with excavation spoils
upon completion.
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Fax: (503) 601-8254

CLIENT West Linn Wilsonville School District

PROJECT NUMBER _G1504201

FIGURE 10

Test Pit TP-6 / IT-6

PAGE 1 OF 1

PROJECT NAME Sunset Primary School

PROJECT LOCATION _2351 Oxford Street - West Linn, OR

DATE STARTED _6/18/15
EXCAVATION CONTRACTOR _CGT

GROUND ELEVATION 548 ft

EQUIPMENT _Case CX55B

EXCAVATION METHOD _Test Pit & Infiltration Test

ELEVATION DATUM _See Figure 2

LOGGED BY _MDI/BLN
SEEPAGE _---

REVIEWED BY _JPQ

GROUNDWATER ATEND _---

NOTES GROUNDWATER AFTER EXCAVATION _---
14
] w R Z |E A WDCP Ng, VALUE A
& |o & So |> TR TR = °
E_|To| & SIE_| Fu ksl o3 |EolEs]  PL LL
<E|%0| 3 MATERIAL DESCRIPTION Slagl Wwe Y| 8% |LElzg o
oz 3 S8 E2 8% 23 18|57 Me
— [G) z =
m o = |0 O |X | JFINES CONTENT (%)
Ol o 0 20 40 60 80100
— ORGANIC SILT TOPSOIL: Very stiff, brown, dry
- —| oL | todamp, exhibited low plasticity, and contained 295
- —| frequent fine roots (< %-inch diameter). ’
TR LEAN CLAY TO FAT CLAY: Very stiff, brown to T 3.00
orange-brown, moist, moderate to high plasticity, 3.00
with occasional fine to coarse gravel-sized nodules '
L i of hard clay (break down under moderate hand L 3.25
pressure), trace roots (up to about “-inch in
diameter) observed to about 2% feet bgs. 3.00
545 cL {RESIDUAL SOIL}
CH - 2.50
2.50
= - - 3.25
@ RAB 23 48
5 <t 1 25

* Test pit terminated at a depth of about 5 feet bgs.
« Infiltration test (IT-6) performed in excavation at
about 5 feet bgs (see Appendix A for results).

* No caving or groundwater observed within test pit
excavation.

* Test pit loosely backfilled with excavation spoils
upon completion.

540

535




CGT EXPLORATION WITH WDCP G1504201.GPJ GINT US.GDT 7/15/15

Carlson Geotechnical

7185 SW Sandburg Street, Suite 110
Tigard, Oregon 97223

Telephone: (503) 601-8250

Fax: (503) 601-8254

CLIENT West Linn Wilsonville School District

PROJECT NUMBER _G1504201

FIGURE 11

Test Pit TP-7 / IT-2

PAGE 1 OF 1

PROJECT NAME Sunset Primary School

PROJECT LOCATION _2351 Oxford Street - West Linn, OR

DATE STARTED _6/18/15
EXCAVATION CONTRACTOR _CGT

GROUND ELEVATION 555 ft

EQUIPMENT _Case CX55B

EXCAVATION METHOD _Test Pit & Infiltration Test

NOTES

ELEVATION DATUM _See Figure 2

LOGGED BY _MDI/BLN
SEEPAGE _---

REVIEWED BY _JPQ

GROUNDWATER ATEND _---

GROUNDWATER AFTER EXCAVATION _---

MATERIAL DESCRIPTION

ELEVATION
(ft)
GRAPHIC
LOG
us.cs

GROUNDWATER
DEPTH
(ft)
SAMPLE TYPE
NUMBER
RECOVERY %
(RQD)
WDCP
Ngo VALUE

POCKET PEN.
(tsf)

A WDCP N, VALUE A

PL

LL

R,

MC

DRY UNIT WT.
(pcf)

[J FINES CONTENT (%) [J

0 20 40

60

80 100

LEAN CLAY FILL: Dark brown, dry to damp,
exhibited low plasticity, with angular/subangular
gravel up to 1 inch diameter and pieces of

L n oL asphaltic concrete up to 1 foot diameter.

FILL
2 inch diameter PVC pipe at about 1% feet bgs.

LEAN CLAY TO FAT CLAY: Very stiff, brown to

L i orange-brown, moist, moderate to high plasticity,
with occasional fine to coarse gravel-sized nodules
of hard clay (break down under moderate hand
CL- | pressure).

I CH | {RESIDUAL SOIL}

550

i

* Test pit terminated at a depth of about 5 feet bgs.
« Infiltration test (IT-2) performed in excavation at
about 5 feet bgs (see Appendix A for results).

* No caving or groundwater observed within test pit
excavation.

* Test pit loosely backfilled with excavation spoils
upon completion.

545

540




CGT EXPLORATION WITH WDCP G1504201.GPJ GINT US.GDT 7/15/15

Carlson Geotechnical

7185 SW Sandburg Street, Suite 110

Tigard, Oregon 97223

Telephone: (503) 601-8250

Fax: (503) 601-8254
CLIENT West Linn Wilsonville School District

PROJECT NUMBER _G1504201

FIGURE 12

Test Pit TP-8 / IT-3

PAGE 1 OF 1

PROJECT NAME Sunset Primary School

PROJECT LOCATION _2351 Oxford Street - West Linn, OR

DATE STARTED _6/18/15
EXCAVATION CONTRACTOR _CGT

GROUND ELEVATION 547 ft

EQUIPMENT _Case CX55B

EXCAVATION METHOD _Test Pit & Infiltration Test

ELEVATION DATUM _See Figure 2

LOGGED BY _MDI/BLN
SEEPAGE _---

REVIEWED BY _JPQ

GROUNDWATER ATEND _---

excavation.

upon completion.

540

535

* Test pit terminated at a depth of about 4 feet bgs.
« Infiltration test (IT-3) performed in excavation at
about 4 feet bgs (see Appendix A for results).

* No caving or groundwater observed within test pit

* Test pit loosely backfilled with excavation spoils

NOTES GROUNDWATER AFTER EXCAVATION _---
= @ N X " E E A WDCP Ng, VALUE A
o Q %) <\ rE oz ) o
E_|To S| | W Esl 850 |fIolEe PL LL
<E|%0 © MATERIAL DESCRIPTION olag| Ys 39| as |(wg|zg H—e—
a” 187 5 =187 23 [8F =5 |85 e
—
o |© ¢! < g Z |9 |& | (JFINES CONTENT (%) (]
Ol o 0 20 40 60 80100
I~ —| OL | ORGANIC SILT TOPSOIL: Very stiff, brown, dry
\to damp, exhibited low plasticity, and contained 4.50
frequent fine roots (< Y-inch diameter).
- - LEAN CLAY TO FAT CLAY: Very stiff, brown to - 4.50
orange-brown, dry to damp, moderate to high
plasticity, with occasional fine to coarse 4.50
545 gravel-sized nodules of hard clay (break down
CL- | under moderate hand pressure). - 3.00
CH | {RESIDUAL SOIL}
Moist below about 2 feet bgs. 2.50
- — - 3.25
%RAB 3.50 ®
1 31
- 3.00




CGT EXPLORATION WITH WDCP G1504201.GPJ GINT US.GDT 7/15/15

Carlson Geotechnical

7185 SW Sandburg Street, Suite 110
Tigard, Oregon 97223

Telephone: (503) 601-8250

Fax: (503) 601-8254

CLIENT West Linn Wilsonville School District

PROJECT NUMBER _G1504201

FIGURE 13

Test Pit TP-9/I1T-4

PAGE 1 OF 1

PROJECT NAME Sunset Primary School

PROJECT LOCATION _2351 Oxford Street - West Linn, OR

DATE STARTED _6/18/15

EXCAVATION CONTRACTOR _CGT
EQUIPMENT _Case CX55B

GROUND ELEVATION 559 ft

EXCAVATION METHOD _Test Pit & Infiltration Test

ELEVATION DATUM _See Figure 2

LOGGED BY _MDI/BLN
SEEPAGE _---

REVIEWED BY _JPQ

GROUNDWATER ATEND _---

i

NOTES GROUNDWATER AFTER EXCAVATION _---
= @ N X " E E A WDCP Ng, VALUE A
o Q %) <\ rE oz ) o
E_|To S| | W Esl 850 |fIolEe PL LL
<E|%0 © MATERIAL DESCRIPTION olag| Ys 39| as |(wg|zg H—e—
Q7|8 2 =187 23 [8F =5 |85 e
—
o |© ¢! < g Z |9 |& | (JFINES CONTENT (%) (]
Ol o 0 20 40 60 80100
I~ —| OL | ORGANIC SILT TOPSOIL: Very stiff, brown, dry
\to damp, exhibited low plasticity, and contained / 4.50
frequent fine roots (< Y-inch diameter).
= — LEAN CLAY TO FAT CLAY: Very stiff, brown to - 4.00
orange-brown, damp, moderate to high plasticity,
CL- | with occasional fine to coarse gravel-sized nodules 4.00
CH | of hard clay (break down under moderate hand
r b pressure). - 3.00
{RESIDUAL SOIL} 3.00
SANDY LEAN CLAY WITH GRAVEL.: Very stiff
to hard, varicolred (brown, red-brown, black, tan,
and gray), moist, moderate plasticity, fine to
555 CL | coarse sand, fine to coarse angular to sub-angular I
gravel, blocky structure with decomposed rock
fabric apparent.
{DECOMPOSED VOLCANICLASTICS} ®

550

545

* Test pit terminated at a depth of about 5 feet bgs.
* Infiltration test (IT-4) performed in excavation at
about 5 feet bgs (see Appendix A for results).

* No caving or groundwater observed within test pit
excavation.

* Test pit loosely backfilled with excavation spoils
upon completion.




CGT EXPLORATION WITH WDCP G1504201.GPJ GINT US.GDT 7/15/15

Carlson Geotechnical

7185 SW Sandburg Street, Suite 110
Tigard, Oregon 97223

Telephone: (503) 601-8250

Fax: (503) 601-8254

CLIENT West Linn Wilsonville School District

PROJECT NUMBER _G1504201

FIGURE 14

Test Pit TP-10/IT-5

PAGE 1

OF 1

PROJECT NAME Sunset Primary School

PROJECT LOCATION _2351 Oxford Street - West Linn, OR

DATE STARTED _6/18/15

EXCAVATION CONTRACTOR _CGT
EQUIPMENT _Case CX55B

GROUND ELEVATION 554 ft

EXCAVATION METHOD _Test Pit & Infiltration Test

ELEVATION DATUM _See Figure 2

LOGGED BY _MDI/BLN
SEEPAGE _---

REVIEWED BY _JPQ

GROUNDWATER ATEND _---

NOTES GROUNDWATER AFTER EXCAVATION _---
he .
= M N ES " b E A WDCP Ng, VALUE A
o |8 < S | > w |
F_|Zo| 3 S|E_| Fd 1Bl 52 |EoleEe|  PL LL
<E|%0 MATERIAL DESCRIPTION ologl 42 |59| as |LE|Zz8 [ S
oz 3 S8 E2 8% 23 18|57 Me
| [0} z =
m o = |0 O |X | JFINES CONTENT (%)
Ol o 0 20 40 60 80100
I~ —| OL | ORGANIC SILT TOPSOIL: Very stiff, brown, dry
to damp, exhibited low plasticity, and contained 3,50
frequent fine roots (< Y-inch diameter). '
- LEAN CLAY TO FAT CLAY: Very stiff, brown to = RAR 4.00
orange-brown, damp, moderate to high plasticity, @S 1 1'8
with occasional fine to coarse gravel-sized nodules 4.00
of hard clay (break down under moderate hand
N pressure). - 4.00
{RESIDUAL SOIL}
CL- | Moist below about 2 feet bgs. 2.75
CH
— - 3.50
3.75
550 - - 3.75

, I

545

540

* Test pit terminated at a depth of about 5 feet bgs.
« Infiltration test (IT-5) performed in excavation at
about 5 feet bgs.

* No caving or groundwater observed within test pit
excavation.

* Test pit loosely backfilled with excavation spoils
upon completion.




CGT EXPLORATION WITH WDCP G1504201.GPJ GINT US.GDT 7/15/15

Carlson Geotechnical

7185 SW Sandburg Street, Suite 110
Tigard, Oregon 97223

Telephone: (503) 601-8250

Fax: (503) 601-8254

CLIENT West Linn Wilsonville School District
PROJECT NUMBER _G1504201

FIGURE 15

Boring C-1/DCP

-1

PAGE 1 OF 1

PROJECT NAME Sunset Primary School

PROJECT LOCATION _2351 Oxford Street - West Linn, OR

DATE STARTED _6/19/15

DRILLING CONTRACTOR CGT
EQUIPMENT _Coring Machine/HA/WDCP
DRILLING METHOD Coring, Hand Auger & WDCP

GROUND ELEVATION 553 ft

ELEVATION DATUM _See Figure 2

LOGGED BY _MDI/BLN REVIEWED BY _JPQ

SEEPAGE

GROUNDWATER AT END

NOTES GROUNDWATER AFTER DRILLING _---
= @ N X " b E A WDCP Ng, VALUE A
o O %) < | T ol Pl D E
F_|To| g S| | W Esl 850 |fIolEe PL LL
<E|ZX0| & MATERIAL DESCRIPTION olag| Ys 39| as |(wg|zg H—e—
Q7|8 2 =187 23 3¢ =5 2520 e
—
o |© ¢! < g Z |9 |& | (JFINES CONTENT (%) (]
Ol o 0 20 40 60 80100
ASPHALTIC CONCRETE: About 4% inches
thick (consisted of two lifts: 1%4-inch and 2% inches
i GP | \thick). L
FILL| POORLY GRADED GRAVEL FILL: Gray, moist,
552 CL- || fine to coarse angular gravel (up to %-inch ERAB 13 °
CH L | diameter) with some sub-rounded gravel up to 3 . 1 22
inches diameter. 13
LEAN CLAY TO FAT CLAY: Very stiff, brown to
N red-brown, moist, and exhibited moderate to high T 24
plasticity.
N {RESIDUAL SOIL} 2 25
« Pavement core terminated at about 72-foot bgs in
gravel fill. 25
i » Wildcat dynamic cone penetrometer WDCP-1 L]
conducted within C-1 at a depth of about 9 inches 19
bgs (i.e., on top of exposed subgrade soil) and
550 terminated at about 5 feet bgs. I 15
» Once WDCP-1 was completed, a 3-inch diameter
hand auger was used to advance to a depth of 12
i about 1 foot bgs, where a bulk sample of the L 15
subgrade soil was collected.
* Gravel fill replaced in core hole, compacted with 12
4 roto-hammer, and surface patched with cold-patch 4
asphaltic concrete. 9
] T 9
548 ] 9
12
] 16 &

546

544




CGT EXPLORATION WITH WDCP G1504201.GPJ GINT US.GDT 7/15/15

Carlson Geotechnical

7185 SW Sandburg Street, Suite 110
Tigard, Oregon 97223

Telephone: (503) 601-8250

Fax: (503) 601-8254

CLIENT West Linn Wilsonville School District

PROJECT NUMBER _G1504201

FIGURE 16

Boring C-2/DCP-2

PAGE 1 OF 1

PROJECT NAME Sunset Primary School

PROJECT LOCATION _2351 Oxford Street - West Linn, OR

DATE STARTED _6/19/15
DRILLING CONTRACTOR _CGT

GROUND ELEVATION 555 ft

EQUIPMENT _Coring Machine/HA/WDCP

DRILLING METHOD Coring, Hand Auger & WDCP

ELEVATION DATUM _See Figure 2

LOGGED BY _MDI/BLN
SEEPAGE _---

REVIEWED BY _JPQ

GROUNDWATER ATEND _---

NOTES GROUNDWATER AFTER DRILLING -
> @ W ® Z |E A WDCP Ng VALUE A
S 12 |4 <[t | >z [% wo|g s
= T = w o= 0 o =~
LE L0 MATERIAL DESCRIPTION olag| Ys 39| as |(wg|zg H—e—
o (&) 3 518782 (8% 33 |87]2° MC
2 3
o |© ¢! < g Z |9 |& | (JFINES CONTENT (%) (]
Ol o 0 20 40 60 80100

ASPHALTIC CONCRETE: About 5 inches thick
(single lift).

POORLY GRADED GRAVEL FILL: Gray, moist,
angular, and fine (up to %-inches diameter).

XXX
<

GP
FILL

JSREIRIS
SRR
SRS
SIRRLRANLRE

3
L

9
<

9

X2

gravel fill.

« Attempted to advance through gravel fill with
rotary hammer drill, but encountered gravel to a
552 depth of about 22 inches (the maximum depth to

which rotary hammer drill could advance).
* Gravel fill replaced in core hole, compacted with

asphaltic concrete.

550

548

546

« Pavement core terminated at about 2-foot bgs in

roto-hammer, and surface patched with cold-patch




CGT BOREHOLE G1504201.GPJ GINT US.GDT 7/16/15

Carlson Geotechnical

7185 SW Sandburg Street, Suite 110
Tigard, Oregon 97223

Telephone: (503) 601-8250

Fax: (503) 601-8254

CLIENT West Linn Wilsonville School District
PROJECT NUMBER _G1504201

FIGURE 17

Boring B-1

PAGE 1 OF 2

PROJECT NAME Sunset Primary School

PROJECT LOCATION _2351 Oxford Street - West Linn, OR

DATE STARTED _6/22/15

GROUND ELEVATION 558 ft

DRILLING CONTRACTOR Western States Soil Conservation
EQUIPMENT CME 75 HT Truck-mounted Drill Rig
DRILLING METHOD Mud Rotary

ELEVATION DATUM _See Figure 2

LOGGED BY _JAJ
SEEPAGE

REVIEWED BY _JPQ

GROUNDWATER ATEND _---

NOTES GROUNDWATER AFTER DRILLING _---
i wo | — | gl A SPT Ngor VALUE A
RP 2l | S 5| o0 [uBlE
o |= %) gz Fu |z =22 [20]E
<E|(ZO| = MATERIAL DESCRIPTION olagl Y= |>0| 0655 | gzg H—e—
a2 @ Za TS5 (0% @O - | 5|2 MC
4 > Sz |0~ 05 |8 F >
o |90 o == | Z |ZE|& | OFINES CONTENT (%)
Ol o v 0 20 40 60 80100
— N OL I ORGANIC SILT TOPSOIL: Very stiff, brown, SPT 78 5-7-8 16
- - damp to moist, exhibited low plasticity, and - 1 (15) 6
contained frequent fine roots (< Y-inch diameter).
CL LEAN CLAY TO FAT CLAY: Very stiff, brown,
955 CH- moist, moderate to high plasticity, with occasional - \/|SPT 100 4-7-10 18 24 51
fine to coarse gravel-sized nodules of hard clay 2 (17) '2'8 !
B 7 (break down under moderate hand pressure). B
N | {RESIDUAL SOIL}
140
L i SANDY CLAY: Very stiff, varicolored gray,
brown, beige, and black, wet, low plasticity, 100 | ©710 | 48 0 e
- fine-grained sand. (17) 32 48
550 {DECOMPOSED VOLCANICLASTICS} L
N | 10
SPT 2-4-4
B | I 5 100 ®) 9 504
545
- 1\/|SPT 4-5-9
- I 6 |"°] o | B8
N | 15
SPT 11-11-11
- E L 7 100 22) 26 402
540 R
CL
N | 20
S;’T 100 | 20-50/5" | 67 >>4
535 R
N | 25
SPT 4-13-15
L | I 9 100 (28) 38 ‘%
530 R
N | 30
SPT| 91 | 24-50/5" | 67 >>4
- - S 10
I " | CLAYEY SAND: Very stiff to hard, dark red-gray, | | -
525 p wet, clay component exhibited moderate plasticity.
sc | Contained green and beige secondary T
B Ry mineralization in veins (amorphous silica). L
{DECOMPOSED VOLCANICLASTICS} 35

(Continued Next Page)



CGT BOREHOLE G1504201.GPJ GINT US.GDT 7/16/15

Carlson Geotechnical

7185 SW Sandburg Street, Suite 110
Tigard, Oregon 97223

Telephone: (503) 601-8250

Fax: (503) 601-8254

CLIENT West Linn Wilsonville School District
PROJECT NUMBER _G1504201

FIGURE 17

Boring B-1

PAGE 2 OF 2

PROJECT NAME Sunset Primary School

PROJECT LOCATION _2351 Oxford Street - West Linn, OR

he °
= L|I_J ',-J'_J X i S|e A SPT Ngpr VALUE A
S 12 | <z | 2% 24| 222 |87
E_|Zol| & 2| = v hal 282 |2 s PL LL
<E|ZO| = MATERIAL DESCRIPTION o|laEl Y= |>0| 0653 | gzg H—e—
o222 @ Za TS5 (0% @O - | 5|2 MC
0 > Sz |97 0 | B2
o |90 o == | Z |ZE|& | OFINES CONTENT (%)
O] 35 v 0 20 40 60 80100
CLAYEY SAND: Very stiff to hard, dark red-gray, SPT 7-8-11
- — wet, clay component exhibited moderate plasticity. - 11 100 (19) 27 5.7
Contained green and beige secondary
B N mineralization in veins (amorphous silica). ]
520 {DECOMPOSED VOLCANICLASTICS} I
(continued)
N | 40
SPT 11-19-27
L i L 12 100 (46) 65 307
515 | ; R
SC
N | 45
With fragments of predominantly weathered to SPT 23-31-44
- e decomposed vesicular basalt below about 45 feet. S 13 100 (75) 106
510 R
N | 50
SPT| 100 4 50/4" 71 >>
- - S 14
i 505 "~ | SANDY CLAY: Very stiff, varicolored gray, | | |
brown, and black, very moist, low plasticity, -
fine-grained sand. Scattered fragments of
B N weathered vesicular basalt. T
L _ {DECOMPOSED VOLCANICLASTICS} 55
SPT 13-22-22
- - I 15 100 (44) 62
CL
500 R
N | 60
SPT| 91 | 45-50/5" | 71 >>4
- \_16 |
i 495 ] * Boring terminated at a depth of about 61 feet
bgs.
* No caving observed.
B N * Boring backfilled with bentonite upon completion.
490
485




CGT BOREHOLE G1504201.GPJ GINT US.GDT 7/16/15

Carlson Geotechnical

7185 SW Sandburg Street, Suite 110

Tigard, Oregon 97223
Telephone: (503) 601-8250
Fax: (503) 601-8254

CLIENT West Linn Wilsonville School District
PROJECT NUMBER _G1504201

FIGURE 18

Boring B-2

PAGE 1 OF 1

PROJECT NAME Sunset Primary School

PROJECT LOCATION _2351 Oxford Street - West Linn, OR

DATE STARTED 6/26/15
DRILLING CONTRACTOR Western States Soil Conservation

GROUND ELEVATION 554 ft

EQUIPMENT CME 75 HT Truck-mounted Drill Rig
DRILLING METHOD Mud Rotary

ELEVATION DATUM _See Figure 2

LOGGED BY _JAJ
SEEPAGE _---

REVIEWED BY _JPQ

GROUNDWATER ATEND _---

NOTES GROUNDWATER AFTER DRILLING _---
i W = Ble A SPT Ngpr VALUE A
5 o |, 2l | S 5| oD |uBlE
© |z | 4 S|z Fu [k 26D (20|~ PL LL
Eo|FOl o ol pym |wid z< 515G
<>': £ <0 . MATERIAL DESCRIPTION ologl Ys |>9| 955 <>( s [ S
o |x-| 2 58] Z2 |8%| @87 (5427 MC
— b4 s | =
o |© o == | z |Z E & | [JFINES CONTENT (%) J
Ol o 0 20 40 60 80100
L1 OL | ORGANIC SILT TOPSOIL: Medium stiff, brown, SPT 4-4-3
- - CL | | damp to moist, exhibited low plasticity, and - 1 100 7) 7 1'4
FILL | \contained frequent fine roots (< Y-inch diameter).
LEAN CLAY FILL: Stiff, brown, moist, and
- - exhibited low plasticity. - 4\/|SPT 3-5-5
- 100 11 ®
550 LEAN CLAY TO FAT CLAY: Stiff, red-brown, | 2 (10) 37
CL- | moist, and exhibited moderate to high plasticity.
I CH | {RESIDUAL SOIL} 5
SPT 5-5-8
I - AN 3 |89 3y | ™ b
i SANDY CLAY: Very stiff, varicolored gray, T
- - brown, beige, and black, moist, low plasticity, - SH
545 fine-grained sand. 4 | 21
{DECOMPOSED VOLCANICLASTICS} B
N | 10
i | Wet below about 10 feet bgs. ] SPT 100 4-8-11 22 °
5 (19) 47
- e - 1\/|SPT 7-7-9
540 cL I 6 100 (16) 18 ;
N | 15
SPT 13-19-17
- S A R I T 3%
535 R
N | 20
SE’T 100 | 20-50/5" | 67 >>4
- . S |
L 4 * Boring terminated at a depth of about 21 feet
bgs.
~ N * No caving observed.
530 * Boring backfilled with bentonite upon completion.
525
520




CGT BOREHOLE G1504201.GPJ GINT US.GDT 7/16/15

Carlson Geotechnical

7185 SW Sandburg Street, Suite 110
Tigard, Oregon 97223

Telephone: (503) 601-8250

Fax: (503) 601-8254

CLIENT West Linn Wilsonville School District
PROJECT NUMBER _G1504201

FIGURE 19

Boring B-3

PAGE 1 OF 1

PROJECT NAME Sunset Primary School

PROJECT LOCATION _2351 Oxford Street - West Linn, OR

DATE STARTED _6/26/15 GROUND ELEVATION 543 ft
DRILLING CONTRACTOR _Western States Soil Conservation
EQUIPMENT CME 75 HT Truck-mounted Drill Rig

DRILLING METHOD _Mud Rotary

ELEVATION DATUM _See Figure 2

LOGGED BY _JAJ
SEEPAGE

REVIEWED BY _JPQ

GROUNDWATER AT END

NOTES GROUNDWATER AFTER DRILLING _---
i wo | — | gl A SPT Ngor VALUE A
o N [To) SPT
5 |o P g - T |z w5 Yo | =
E_|ZTo| & 2| T8 |Ha| 2EZ |2 |Es PL LL
<E|ZX0| 5 MATERIAL DESCRIPTION bloag| WE [Y¥g| 05 |< gZ8 e e 1
2o (52 @ z|4% 23 (32| #3% |3 3¢ MC
0 > Sz |97 0 | B2
o |90 o == | Z |ZE|& | OFINES CONTENT (%)
Ol o v 0 20 40 60 80100
»2 ] OL | CLAY TOPSOIL/DUFF: Brown with woody SPT 1-5-6
- — organics, dry. - 1| 44 (1) 12 ]
N | LEAN CLAY TO FAT CLAY: Very stiff, R
red-brown, moist, and exhibited moderate to high
540 plasticity. {RESIDUAL SOIL} L AN/ sPT 8-9-10
CL 78 20 ®
I L 2 (19) 29
N | 5
i D SET] 100 7'(1225;)13 27 o
SANDY CLAY: Very stiff, varicolored gray, 3
- - brown, beige, and black, moist, low plasticity, -
535 fine-grained sand. SPT 12-25-
{DECOMPOSED VOLCANICLASTICS} T 106 " 80 ® >>4
4 50/5 32
N | 10
SPT 21-30-31
I L AT 100 | “Tgy | 69 . ‘/\
530 L X]SPT[ 100 | 24-50/1" | 57 ° >> 4
Very slow drilling, driller indicates boulder 6 34
- - encountered between 13 and 15 feet bgs. -
CL 15
SPT 8-11-24
°
L | I 7 100 (35) 42 e
525 R
N | 20
SZ’T 80 | 32-50/4" | 67 >>4
520 I R
% GRAVELLY CLAY: Hard, dark gray to
- - red-brown, moist, predominantly weathered to -
cL | decomposed vesicular basalt fragments in a matrix 25
B N of low plasticity, sandy clay. SPT 7-18-21 /
L _ {DECOMPOSED VOLCANICLASTICS} I 9 100 (39) 52 408
i 515 ] + Boring terminated at a depth of about 26 feet
bgs.
* No caving or groundwater observed.
B N * Boring backfilled with bentonite upon completion.
510




CGT BOREHOLE G1504201.GPJ GINT US.GDT 7/16/15

Carlson Geotechnical

7185 SW Sandburg Street, Suite 110
Tigard, Oregon 97223

Telephone: (503) 601-8250

Fax: (503) 601-8254

CLIENT West Linn Wilsonville School District

PROJECT NUMBER _G1504201

FIGURE 20

Boring B-4 / IT-1

PAGE 1 OF 1

PROJECT NAME Sunset Primary School

PROJECT LOCATION _2351 Oxford Street - West Linn, OR

DATE STARTED 6/22/15
DRILLING CONTRACTOR Western States Soil Conservation
EQUIPMENT WS45 Track

GROUND ELEVATION 555 ft

DRILLING METHOD Hollow Stem Auger

NOTES 6 inch PVC pipe inserted in borehole once auger was removed.

ELEVATION DATUM _See Figure 2

LOGGED BY _MDI
SEEPAGE _---

REVIEWED BY _JPQ

GROUNDWATER ATEND _---

GROUNDWATER AFTER DRILLING
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ASPHALTIC CONCRETE: About 3% inches
cp | \thick.
FILL| GRAVEL FILL: Gray, moist, angular, fine to
- coarse, with some sub-rounded gravel up to 3 -
inches diameter.
LEAN CLAY TO FAT CLAY: Brown, damp to
moist, moderate to high plasticity, with occasional
B N fine to coarse gravel-sized nodules of hard clay ]
(break down under moderate hand pressure).
{RESIDUAL SOIL}
- - CL - -

545

540

* Boring terminated at a depth of about 5 feet bgs.
« Infiltration test (IT-1) performed in borehole at
about 5 feet bgs (see Appendix A for results).

* No caving or groundwater observed within
borehole.

* Borehole backfilled with bentonite upon
completion and surface patched with cold patch
asphalt.
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Project Number G1504201 FILL SLOPE DETAIL

Benching, graded

down, into slope

2 3-foot Horizontal Overbuild

|1
at

Final Fill Slope Face

1/2 to 2 percent (2H:1V max)

Original Ground
Surface

Native Soil

4’ minimum bench
width, H/10 or 2’
minimum bench

height HI10 or 2’
Minimum
<> Embedment
Fill Key
Subdrain, subject to Soil HI2 or
Engineer’s review, installed 10’ Minimum

at back of keyway and every
10 vertical feet of benching.

pRLSG
Cleiei v
503-601-8250

NOTE: Surfaces to receive fill with slopes steeper than
5H:1V (horizontal:vertical) should be benched and keyed as shown.
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SEISMIC LOADING CONDITIONS

RETAINING WALLS
Py = (“2)(S,)(H?)
SbA = (SA)(H) HI3
StE = (%)(SAE)(H)
PE = (%)(SAE)(HZ)
d
0.6H

P = Dynamic component of active thrust force acting at a uniform
distribution on wall (Ib/ft)

i = Slope of backfill (degrees)**

S, = Active (static) component of equivalent fluid pressure (Ib/ftd)*

S;¢ = Active earth pressure (dynamic) at the top of the wall (Ib/ftd)
Sy = Active earth pressure (static) at the bottom of the wall (Ib/ft3)

*Refer to report text for calculated values

SbE = (%)(SAE)(H)

o = Internal angle of friction for backfill (degrees)**

4 = Angle from normal of back of wall (degrees). Based on friction
developing between wall and backfill**

B = Slope of back of wall (degrees)**
S,g = Dynamic component of equivalent fluid pressure (Ib/ft3)*

S, = Active earth pressure (dynamic) at bottom of the wall (Ib/ft3)*

**Refer to report text for modeled/assumed values

Notes

1. Uniform pressure distribution of seismic loading is based on empirical evaluations [Sherif et al, 1982 and Whitman, 1990].
2. Placement of seismic resultant force at 0.6H is based on wall behavior and model test results [Whitman, 1990].
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A.1.0 CORRESPONDENCE WITH CIVIL ENGINEER

The project civil engineer (Mr. Mark Wharry, P.E. of KPFF) requested infiltration testing at seven locations on a
site map provided to CGT. Limited access near the southwest corner of the existing school building precluded
infiltration testing at one of the requested locations and thus, CGT conducted infiltration testing at six locations
across the site. The approximate locations of the infiltration tests (designated as IT-1 through IT-6) are shown
on the Site Plan, which is attached to the report as Figure 2.

A.2.0 TEST PROCEDURE

Six infiltration tests were performed within five prepared test pits and one machine-drilled boring on June 18
and June 22, 2015, in general accordance with the Encased Falling Head Test method described in
Appendix F.2 of the City of Portland Stormwater Management Manual (January 2014). The following table
presents the depth of the tests and the subsurface material encountered at the test depths.

Table Al: Infiltration Test Depths & Materials

Infiltration Test Exploration Test Depth! Test Elevation® Subsurface Material at Test Depth
(feet bgs) (feet)

IT-1 B-5 4 551 Lean Clay (CL)
IT-2 TP-7 5 550 Lean Clay (CL)
IT-3 TP-8 3Ya 543 Lean Clay (CL)
IT-4 TP-9 5% 553% Lean Clay with Gravel (CL)
IT-5 TP-10 5% 548Y5 Lean Clay (CL)
IT-6 TP-6 5% 542%5 Lean Clay (CL)

1 Relative to existing site grades. bgs = below ground surface.

2 Determined from elevation contour utility provided by MetroMaps.com. Elevations should be considered approximate.

The machine-drilled boring (B-5) was advanced to the test depth using a limited access track-mounted drill rig
with an 8-inch diameter hollow-stem auger. The test pits (TP-6 through TP-10) were excavated using a Case
CX-55B mini-excavator with a 24-inch wide toothed bucket. A 6-inch-inner-diameter PVC pipe was inserted
into each of the prepared test pits or machine-drilled boring and hydraulically-pushed with the excavator or drill
rig about 6 inches into the exposed soil at the infiltration test depth. The lower 2 inches of the test pipes was
filled with open-graded gravel fill up to about %-inch in diameter to prevent scouring. The subsurface soils at
the base of the pipes were “soaked” for four hours in accordance with the referenced test method by pouring
about 12 inches of water (measured vertically) into the test pipes. After the 4-hour soaking period, testing was
initiated by recording the drop in water level of an approximate 6-inch column of water on 10- to 20-minute
intervals. A minimum of three trials were administered at each infiltration test location.

A.3.0 TEST RESULTS

The following tables present the raw data and calculated rates of infiltration that we observed from the
infiltration tests. Please note the calculated infiltration rates do not include any safety or correction factors.

Carlson Geotechnical Page A.2
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Table A2: Results of Infiltration Test IT-1

N . Time Interval Drop in Water Levelt Raw Infiltration Rate
Il TG ULE! (minutes) (inches) (inches per hour)
1 20 1 3
IT-1 2 20 1 3
3 20 1 3

! Measured to nearest Y/g-

inch using a measuring tape and top of pipe as a fixed datum.

Table A3: Results of Infiltration Test IT-2

L . Time Interval Drop in Water Levelt Raw Infiltration Rate
) Vet [l (minutes) P (inches) (inches per hour)
1 10 Ya 1%
IT-2 2 10 Ya 1%
3 10 Ya 1%

1 Measured to nearest Y/g-

inch using a measuring tape and top of pipe as a fixed datum.

Table A4: Results of Infiltration Test IT-3

S . Time Interval Drop in Water Level! Raw Infiltration Rate
Infiltration Test Trial : . :
(minutes) (inches) (inches per hour)
1 10 2Ys 13%
IT-3 2 10 17lg 11%
3 20 17lg 11%,

1 Measured to nearest Y/g-

inch using a measuring tape and top of pipe as a fixed datum.

Table A5: Results of Infiltration Test IT-4

S . Time Interval Drop in Water Levelt Raw Infiltration Rate
Infiltration Test Trial : . .
(minutes) (inches) (inches per hour)
1 20 0 0
IT-4 2 20 0 0
3 20 0 0

1 Measured to nearest Y/g-

inch using a measuring tape and top of pipe as a fixed datum.

Table A6: Results of Infiltration Test IT-5

S . Time Interval Drop in Water Levelt Raw Infiltration Rate
Infiltration Test Trial : . .
(minutes) (inches) (inches per hour)
1 10 Y 3
IT-5 2 10 Y 3
3 10 Y 3

1 Measured to nearest Y/g-

inch using a measuring tape and top of pipe as a fixed datum.

Table A7: Results of Infiltration Test IT-6

— . Time Interval Drop in Water Levelt Raw Infiltration Rate
Infiltration Test Trial : . .
(minutes) (inches) (inches per hour)
1 10 2Ya 13%
-6 2 10 2Y 13%
3 10 2% 12%
4 10 2% 12%

1 Measured to nearest !/s- inch using a measuring tape and top of pipe as a fixed datum.

Carlson Geotechnical
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A.4.0 DISCUSSION

As indicated in the preceding section, we calculated raw infiltration rates ranging from 0 to about 12% inches
per hour. These infiltration rates do not include any safety or correction factors. We recommend the
stormwater infiltration system designer consult the appropriate design manual in order to assign appropriate
safety/correction factors to calculate the design infiltration rate for the infiltration system. Because stormwater
infiltration facility locations have not been determined yet, the infiltration data presented in this report should be
considered preliminary. We understand additional infiltration testing may be required once the civil engineer
has a more refined knowledge of where stormwater infiltration facilities will be located.

Carlson Geotechnical Page A.4
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B.1.0 INTRODUCTION

Based on the information provided, we understand the proposed building will be classified as a “Special
Occupancy Structure” per Oregon Revised Statutes (ORS) 455.447. Accordingly, the building will be
assigned as Rick Category Il per Table 1604.5 of the 2014 Oregon Structural Specialty Code (OSSC). A
Site-Specific Seismic Hazards Study (SSSHS) is required for the project in accordance with Section
1803.3.2 of the 2014 OSSC. This appendix presents the results of that study.

B.2.0 GROUND MOTION HAZARD ANALYSIS

The geological and geotechnical data developed within the geotechnical report were used to evaluate the
ground motion response of the project site to various earthquake sources and events. The ground motion
hazard analysis addresses the following seismic hazards for the site in accordance with Section 1803.7 of
the OSSC:

e Ground Shaking;

e Liguefaction;

e Lateral Spread;

e Earthquake-induced Landsliding;

e Inundation from Tsunami/ Seiche; and

e Surface Rupture due to Fault Displacement.

The analysis was based on procedures presented in Section 1613.3.4 of the 2014 OSSC and
Section 11.4 of American Society of Civil Engineers (ASCE) Minimum Design Loads for Buildings and
Other Structures (ASCE 7-10).

B.2.1 Earthquake Sources and Seismicity

The site is located in a tectonically active area that may be affected by crustal earthquakes, intra-slab
earthquakes, or large subduction zone earthquakes. Damaging crustal earthquakes in this region may be
derived from local sources such as the Helvetia fault, Beaverton fault zone, Canby-Molalla fault, Newberg
fault, Gales Creek fault zone, Mount Angel fault, Bolton fault, Oatfield fault, East Bank fault, Portland Hills
fault, Grant Butte fault, Damascus-Tickle Creek fault, Lacamas Lake fault, and the Sandy River fault
zone'. Crustal earthquakes typically occur at depths ranging from 15 to 40 kilometers bgs®. Intra-slab
earthquakes occur within the subducting Juan De Fuca Plate at depths ranging from approximately 30 to
60 kilometers bgs. Large subduction zone earthquakes in this region are derived from the Cascadia
Subduction Zone (CSZ). Due to the lack of historical data on large subduction zone earthquakes, a
typical depth for the occurrence of a subduction zone earthquake was inferred from models presented by
Geomatrix Consultants in 1995°, and is roughly 10 to 25 kilometers bgs.

U.S. Geologic Survey, 2015. Quaternary Fault and Fold Database, http://earthquake.usgs.gov/gfaults/

Geomatrix Consultants, 1995. Seismic Design Mapping, State of Oregon: unpublished report prepared for Oregon Department
of Transportation, Personal Services Contract 11688, January 1995.

Geomatrix Consultants, 1995. Ibid.
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B.2.1.1 Crustal Sources

The following mapped faults are considered active or potentially active and are located within about
50 kilometers of the site”. Refer to Table B3 presented in Section B.2.1.4 of this appendix for the
approximate distance and direction to these faults from the project site.

B.2.1.1.1 Helvetia fault (USGS 714)
The Helvetia fault is a north-northwest trending structure located on the northeastern margin of the
Tualatin Basin®. There is no evidence for displacement of late Quaternary deposits along the fault;
however, the most recent age of displacement is poorly constrained®. Therefore, the fault is considered
active, but with a long recurrence interval.

B.2.11.2 Beaverton fault zone (USGS 715)

The Beaverton fault zone’ consists of an east-west striking normal fault that forms the southern margin of
the Tualatin basin. This fault offsets Miocene Columbia River Basalt, but is covered by thick sequences
of Pliocene to Pleistocene Missoula flood deposits. As a result, no fault scarp is present at the surface,
and the Beaverton fault zone is not present on most geologic maps of the area. Yeats and others®
indicate that the Beaverton Faults displace post-Columbia River Basalt sediments; however, the age and
nature of deformation is not known. The Beaverton fault is considered active, but with a long recurrence
interval.

B.2.1.1.3 Canby-Molalla fault (USGS 716)

The Canby-Molalla fault is a right-lateral strike-slip fault located within the Willamette Valley®. The Canby-
Molalla fault appears to offset Missoula flood deposits, and seismic reflection surveys suggest Holocene
deformation of sediments. The fault has little geomorphologic expression, but is considered active, with a
slip rate of less than 0.2 mm per year.

B.2.1.1.4 Newberg fault (USGS 717)

The Newberg fault is a 5-kilometer-long portion of the Gales Creek-Mount Angel structural zone, which
consists of a 73-kilometer-long zone of right-lateral strike-slip faults located within the Willamette Valley™°.
The fault zone offsets Miocene Columbia River basalts, but no unequivocal evidence for Quaternary
displacement has been identified. The Newberg fault is recognized in the subsurface by vertical
separation of the Columbia River Basalt, and offset seismic reflectors in overlying basin sediments™*?,
with no definitive geomorphic evidence of faulting. The majority of the fault trace is covered with
Holocene alluvium, which may have buried recent deformation. Due to the uncertainty in activity level,

the fault has been classified as active.

U.S. Geologic Survey, 2015. Quaternary Fault and Fold Database, http://earthquake.usgs.gov/gfaults/

Personius, S.F., compiler, 2002. Fault number 714, Helvetia fault, in Quaternary fault and fold database of the United States:
U.S. Geological Survey website, http://earthquakes.usgs.gov/hazards/gfaults.

Geomatrix Consultants, 1995. Ibid.

Personius, S.F., compiler, 2002. Fault number 715, Beaverton fault zone, in Quaternary fault and fold database of the United
States: U.S. Geological Survey website, http://earthquakes.usgs.gov/hazards/gfaults.

8 Yeats, R.S., Graven, E.P., Werner, K.S., Goldfinger, C., and Popowski, T., 1996. Ibid.

Personius, S.F., compiler, 2002. Fault number 716, Canby-Molalla fault, in Quaternary fault and fold database of the United
States: U.S. Geological Survey website, http://earthquakes.usgs.gov/hazards/gfaults.

Personius, S.F., compiler, 2002. Fault number 717, Newberg fault, in Quaternary fault and fold database of the United States:
U.S. Geological Survey website, http://earthquakes.usgs.gov/hazards/gfaults.

Werner, K.S., Nabelek, J., Yeats, R.S., Malone, S., 1992. The Mount Angel fault: implications of seismic-reflection data and
the Woodburn, Oregon, earthquake sequence of August, 1990: Oregon Geology, v. 54, p. 112-117.

2 Yeats, R.S., Graven, E.P., Werner, K.S., Goldfinger, C., and Popowski, T., 1996. Ibid.
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B.2.1.1.5 Gales Creek fault zone (USGS 718)

The Gales Creek fault zone is a 73-kilometer-long zone of northwest-trending right-lateral strike-slip faults
located on the western margin of the Willamette Valleyls. The fault zone offsets Miocene Columbia River
basalts, but no unequivocal evidence for Quaternary displacement has been identified. However, the
majority of the faults are covered with very recent alluvium, which may have buried evidence of recent
deformation. Estimates for the latest movements along the Gales Creek fault zone typically predate the
late Pleistocene; in other words, the fault has not had activity within the last approximately 30,000 years.
The recurrence interval for the Gales Creek fault zone is likely greater than 50,000 years, based on the
information available.

B.2.1.1.6 Mount Angel fault (USGS 873)

The Mount Angel fault is a northwest-trending, steeply northeast-dipping, oblique-slip reverse fault with a
length of about 30 kilometers™. The fault is mapped in the subsurface based on geophysical data, water
well logs, and historical seismicity™>®. It displaces Columbia River Basalt at depth, as well as younger,
overlying sediments'’. Surface indications of the fault are minimal. The Mount Angel fault is considered
to be the source for a series of small earthquakes (<M3.5) that occurred in 1990 near the town of
Woodburn, and a M5.6 earthquake that occurred in 1993 near the town of Scotts Mills &2,

B.2.1.1.7 Bolton fault (USGS 874)

The Bolton fault is a northwest-trending reverse fault, with a length of about 9 kilometers in the
subsurface®. There is no evidence that the Bolton fault has been active since the late Pleistocene;
however, the fault is classified as potentially active because of the limited exposures and uncertainties in
the relationships between local scarps and late Pleistocene Missoula flood deposits®. On this basis, a
long recurrence interval is assigned to the Bolton Fault.

B.2.1.1.8 Oatfield fault (USGS 875)

The Oatfield fault consists of a 29-kilometer-long steeply dipping reverse fault that forms escarpments in
Miocene Columbia River Basalt in the Tualatin Mountains®’. No fault scarps or displacement of surficial
deposits have been described, but exposures within tunnels show offset of Boring Lava, indicating
Quaternary activity. The slip rate for the Oatfield fault has been calculated to be about 0.1 mm per year
based on the tunnel exposures. Given the very low slip rate and lack of displacement of surficial
deposits, this fault is considered to have a very long recurrence interval.

¥ personius, S.F., compiler, 2002. Fault number 718, Gales Creek fault zone, in Quaternary fault and fold database of the

United States: U.S. Geological Survey website, http://earthquakes.usgs.gov/hazards/gfaults.

Personius, S.F., compiler, 2002. Fault number 873, Mount Angel fault, in Quaternary fault and fold database of the United
States: U.S. Geological Survey website, http://earthquakes.usgs.gov/hazards/qfaults.

Yeats, R., et al., 1991. Tectonics of the Willamette Valley, Oregon. U.S. Geological Survey Open File Report 91-441-P, 47 p.
6 Werner, K.S., et al., 1992. The Mount Angel Fault: Implications of Seismic-Refraction Data and the Woodburn, Oregon,
Earthquake Sequence of August, 1990. Oregon Geology, v. 54, p. 112-117.

Unruh, J.R., et al., 1994. Seismotectonic Evaluation: Scoggins Dam, Tualatin Project, Northwestern Oregon: Final Report,
prepared by William Lettis and Associates and Woodward Clyde Federal Services, Oaklan, Californai for the U.S. Bureau of
Reclamation, Denver, Colorado.

Geomatrix Consultants, 1995. Ibid.

¥ Werner, K.S., et al., 1992. Ibid.

% personius, S.F., compiler, 2002. Fault number 874, Bolton fault, in Quaternary fault and fold database of the United States:
U.S. Geological Survey website, http://earthquakes.usgs.gov/hazards/gfaults.

Geomatrix Consultants, 1995. Ibid.

Personius, S.F., compiler, 2002. Fault number 875, Oatfield fault, in Quaternary fault and fold database of the United States:
U.S. Geological Survey website, http://earthquakes.usgs.gov/hazards/gfaults.
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B.2.1.1.9 East Bank fault (USGS 876)

The East Bank fault®® consists of a 29-kilometer-long steeply dipping reverse fault that parallels the
Portland Hills fault. No Quaternary surficial fault scarps have been identified, and the fault is largely
buried by thick sequences of Pleistocene Missoula flood deposits. Recent shallow seismic reflection data
suggest subsurface displacement of the older Missoula flood deposits.

B.2.1.1.10 Portland Hills fault (USGS 877)

The Portland Hills fault zone® is a series of northwest-trending faults forming the northeastern margin of
the Tualatin Mountains. The faults associated with this structural zone vertically displace the Columbia
River Basalt Group by 1,130 feet, and appear to control thickness changes in late Pleistocene
sediment®. Geomorphic lineaments suggestive of Pleistocene deformation have been identified within
the fault zone, but none of the fault segments has been shown to cut Holocene deposits®®*’. The fact
that the faults do not cut Holocene sediments is most likely a result of the faulting being related to a time
of intense uplift of the Oregon Coast Range during the Miocene, and little to no movement along the
faults during the Holocene.

Recent studies of this fault”® concluded that the Portland Hills fault is active, based on contemporary
seismicity in the vicinity of the fault, and seismic reflection data suggesting that the fault cuts late
Pleistocene layered strata. Additionally, in May of 2000, while taking magnetic readings to map the fault,
an Oregon Department of Geology and Mineral Industries (DOGAMI) geologist observed folded sediment
in a retaining wall cut in North Clackamas Park south of Portland. The folded sediments consisted of
sand and silt deposited by Pleistocene floods derived from glacial Lake Missoula approximately 12,800 to
15,000 years ago. An investigation of the folded strata by DOGAMI geologists and engineering
consultants showed that the entire sequence of sediment layers is folded and they concluded that this
folding is evidence for an active fault beneath the site, and the fault is either the Portland Hills fault, or a
closely related structure®.

B.2.1.1.11 Grant Butte fault (USGS 878)

The Grant Butte fault® forms the southern margin of the Portland basin, and consists of a 10-kilometer-
long normal fault. The Grant Butte fault offsets Plio-Pleistocene Springwater Formation and Boring Lava.
No Quaternary surficial fault scarps have been identified, but the fault is largely buried by thick sequences
of Pliocene to Pleistocene Missoula flood deposits. Based on radiometric age dating techniques, the fault

#  personius, S.F., compiler, 2002. Fault number 876, East Bank fault, in Quaternary fault and fold database of the United

States: U.S. Geological Survey website, http://earthquakes.usgs.gov/hazards/gfaults.

Personius, S.F., compiler, 2002. Fault number 877, Portland Hills fault, in Quaternary fault and fold database of the United

States: U.S. Geological Survey website, http://earthquakes.usgs.gov/hazards/gfaults.

Mabey, M.A., Madin, I.P., Youd, T.L., Jones, C.F., 1993, Earthquake hazard maps of the Portland quadrangle, Multnomah and

Washington Counties, Oregon, and Clark County, Washington: Oregon Department of Geology and Mineral Industries

Geological Map Series GMS-79, Plate 2, 1:24,000.

Conforth and Geomatrix Consultants, 1992. Seismic hazard evaluation, Bull Run dam sites near Sandy, Oregon: unpublished

report to City of Portland Bureau of Water Works.

Balsillie, J.J. and Benson, G.T., 1971. Evidence for the Portland Hills fault: The Ore Bin, Oregon Dept. of Geology and Mineral

Industries, v. 33, p. 109-118.

% Wong et al., 2001. The Portland Hills Fault: An Earthquake Generator or Just Another Old Fault? Published by Oregon
Geology, V63, number 2, Spring 2001.

% Madin and Hemphill-Haley, 2001: The Portland Hills Fault at Rowe Middle School. Oregon Geology V63 p47.

% personius, S.F., compiler, 2002. Fault number 878, Grant Butte fault, in Quaternary fault and fold database of the United
States: U.S. Geological Survey website, http://earthquakes.usgs.gov/hazards/gfaults.
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has been active within the late Quaternary. Therefore, the Grant Butte fault is considered active with a
long recurrence interval.

B.2.1.1.12 Damascus-Tickle Creek fault zone (USGS 879)

The Damascus-Tickle Creek fault zone consists of numerous relatively short northeast and northwest
trending forming a broad fault zone along the southern edge of the Portland basin®’. The location of
several eruptive vents of the Boring Lava suggest a direct relationship with the Damascus-Tickle Creek
fault zone. The majority of the faults within the zone are buried by Pliocene to Pleistocene Missoula flood
deposits, however, at least one fault strand may offset the flood deposits.

B.2.1.1.13 Lacamas Lake fault (USGS 880).

The Lacamas Lake fault® is a northwest-trending structure located in the vicinity of Lacamas Lake, near
Camas, Washington, at the northeastern margin of the Portland basin. This fault was originally identified
by well-expressed lineaments defined by the relatively steep linear valley margins along both sides of
Lacamas Lake®®. Although recent activity on the Lacamas Lake fault is uncertain, the fault is considered
active based on possible displacement of Troutdale sediments, prominent topographic lineaments
associated with the fault, and possible associated seismicity. The fault is buried by Pleistocene Missoula
flood deposits, suggesting a long recurrence interval.

B.2.1.2 Cascadia Subduction Zone Seismic Sources

The Cascadia Subduction Zone (CSZ) is a 1,000-kilometer-long zone of active tectonic convergence
where oceanic crust of the Juan De Fuca Plate is subducting beneath the North American continental
plate at a rate of about 3 to 4 centimeters per year34. The fault trace is located off of the Oregon Coast,
approximately 215 kilometers west of the site. Two primary sources of seismicity are associated with the
CSZ: the interface between the two plates, and faulting within the subducting plate. These sources are
detailed below. The location of the CSZ and associated sources of seismicity are shown on the attached
Figure B1.

B.2.1.2.1 Plate Interface Source

Very little seismicity has occurred on the plate interface in historic time, and as a result, the seismic
potential of the CSZ is a subject of scientific controversy. The lack of seismicity may be interpreted as a
period of quiescent stress buildup between large magnitude earthquakes, or characteristic of the long-
term behavior of the subduction zone. A growing body of geologic evidence; however, strongly suggests
that large prehistoric subduction zone earthquakes have occurred®?>*%"%  This evidence includes:

% Personius, S.F., compiler, 2002. Fault number 879, Damascus-Tickle Creek fault zone, in Quaternary fault and fold database

of the United States: U.S. Geological Survey website, http://earthquakes.usgs.gov/hazards/qgfaults.

Personius, S.F., compiler, 2002. Fault number 880, Lacamas Lake fault, in Quaternary fault and fold database of the United
States: U.S. Geological Survey website, http://earthquakes.usgs.gov/hazards/gfaults.

¥ Madin and Hemphill-Haley, 2001: The Portland Hills Fault at Rowe Middle School. Oregon Geology V63 p47.

% DeMets, C., Gordon, R.G., Argus, D.F., Stein, S., 1990. Current plate motions: Geophysical Journal International, v. 101, p.
425-478.

Geomatrix Consultants, 1995. Ibid.

Atwater, B.F., 1992. Geologic evidence for earthquakes during the past 2,000 years along the Copalis River, southern coastal
Washington: Journal of Geophysical Research, v. 97, p. 1901-1919.

Carver, G., 1992. Late Cenozoic tectonics of coastal northern California: American Association of Petroleum Geologists-
SEPM Field Trip Guidebook, May, 1992.

Peterson, C.D., Darioenzo, M.E., Burns, S.F., and Burris, W.K., 1993. Field trip guide to Cascadia paleoseismic evidence
along the northern California coast: evidence of subduction zone seismicity in the central Cascadia margin: Oregon Geology,
v. 55, p. 99 144,
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36

37

38

Carlson Geotechnical Page B.7



Appendix B — Site Specific Seismic Hazards Study
Sunset Primary School

West Linn, Oregon

CGT Project Number G1504201

July 15, 2015

(1) buried tidal marshes recording episodic, sudden subsidence along the coast of northern California,
Oregon, and Washington; (2) burial of subsided tidal marshes by tsunami wave deposits;
(3) paleoliquefaction features; and (4) geodetic uplift patterns on the Oregon Coast. Radiocarbon dates
on buried tidal marshes indicate a recurrence interval for major subduction zone earthquakes of 250 to
650 years, with the last major event occurring 300 years ago®”******_ The inferred seismogenic portion
of the plate interface is roughly 10 to 25 kilometers deep, spanning a 75-kilometer wide area roughly
centered on the Oregon coastline. The eastern margin of the plate interface seismogenic zone is
approximately 110 kilometers west of the site.

B.2.1.2.2 Intra-Slab Source

The subducting Juan De Fuca (oceanic) Plate dips at an angle of 10to 20 degrees as it descends
beneath the North American plate. The curvature of the subducted plate increases as the advancing
edge moves east, creating extensional forces within the plate. Normal faulting occurs in response to
these extensional forces. This region of maximum curvature and faulting of the slab is where large intra-
slab earthquakes are expected to occur, and is located at depths ranging from 30 to 60 kilometers*. The
site is located on the eastern margin of the intra-slab seismogenic zone® (see attached Figure B1).
Historically, the seismicity rate within the Juan De Fuca Plate beneath Oregon is very low in northern
Oregon and southwest Washington, and extremely low along the southern and central Oregon
Coast46'47'48.

B.2.1.3 Characteristic Earthquake Magnitude

The maximum characteristic earthquake magnitude is defined as the largest earthquake that could be
expected to be generated by a specific seismic source, independent of recurrence interval. CGT
determined the magnitude of characteristic earthquakes from a review of historical earthquake records
and empirical relationships.

B.2.1.3.1 Historical Earthquakes

Magnitude estimates for the characteristic earthquake are based largely on the record of historical
earthquakes in the region of interest. Table B1 lists earthquakes with magnitudes larger than M4.9 that
have occurred within 300 kilometers of the site since 1873°. These earthquakes are also shown on
Inset 1: Historical Earthquakes.

% Geomatrix Consultants, 1995. Ibid.

“° Atwater, B.F., 1992. Ibid

“ Ccarver, G., 1992. Ibid

2 Ppeterson, C.D., Darioenzo, M.E., Burns, S.F., and Burris, W.K., 1993. Ibid.

4 Ppersonius, S.F., and Nelson, A.R., compilers, 2005. Fault number 781, in Quaternary fault and fold database of the United

States: U.S. Geological Survey website, http://earthquakes.usgs.gov/regional/gfaults.

Geomatrix Consultants, 1995. Ibid.

McCrory, Blair, Oppenheimer, and Walter, 2004. Depth to the Juan de Fuca slab beneath the Cascadia subduction margin — A

3-D model for storing earthquakes: U.S. Geological Survey Data Series 91.

Geomatrix Consultants, 1995. Ibid.

Geomatrix Consultants, 1993. Seismic margin Earthquake For the Trojan Site: Final Unpublished Report For Portland General

Electric Trojan Nuclear Plant, Rainier, Oregon, May 1993.

Personius, S.F., and Nelson, A.R., compilers, 2005. Fault number 781, in Quaternary fault and fold database of the United

States: U.S. Geological Survey website, http://earthquakes.usgs.gov/regional/gfaults.

49 Wong et al, 2000. Wong, I. Silva, W. Bott, J., Wright, D., Thomas, P., Gregor, N., Li, S., Mabey, M., Sojourner, A., Wang, Y.
IMS-15. Earthquake Scenario and Probabilistic Ground Shaking Maps for the Portland, Oregon, Metropolitan area. Portland
Hills Fault M6.8 Earthquake, Peak Horizontal Acceleration at the Ground Surface.

44
45

46
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48
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Table B1 Historical Earthquakes since 1873 within 250 kilometers of the site with Magnitudes
Greater than M4.9
Date Magnitude Distance from Site Location
December 16, 1953 M5.0 16 km 7 km WSW of Portland, OR
October 12, 1877 M5.4* 18 km 10 km ESE of Portland, OR
December 29, 1941 M5.0 19 km 1km S of Portland, OR
November 06, 1962 M5.5 27 km 8 km NNE of Portland, OR
March 25, 1993 M5.6 37 km 23 km ESE of Woodburn, OR (Scotts Mills)
July 19, 1930 M5.0 60 km 15 km WNW of Salem, OR
September 17, 1961 M5.1 83 km 20 km SSE of Mt St Helens, WA
November 17, 1957 M5.0 92 km 18 km S of Tillamook, OR
May 18, 1980 M5.7 99 km 1 km NNE of Mt St Helens, WA
March - May, 1980 M4.9 - M5.2 101 km 27 events at Mt St Helens, WA
February 14, 1981 M5.2 113 km 2 km N of Elk Lake, WA
December 24, 1989 M4.9 149 km 16 km NE of Morton, WA
May 28, 1981 M5.0 160 km 4 km ENE of Goat Rocks, WA
February 15, 1946 M5.0 169 km 1 km NW of Eatonville, WA
October 07, 1958 M5.0 183 km 34 km SSW of Aberdeen, WA
July 12, 2004 M4.9 186 km 48 km SW of Newport, OR
February 23, 1946 M5.0 188 km 1 km SE of Olympia, WA
April 13, 1949 M7.1 192 km 12 km ENE of Olympia, WA
February 28, 2001 M6.8 198 km 17 km NE of Olympia, WA (Nisqually)
July 03, 1999 M5.8 201 km 8 km N of Satsop, WA
December 07, 1944 M5.0 203 km 6 km W of Aberdeen, WA
June 10, 2001 M5.0 211 km 18 km N of Satsop, WA
February 15, 1946 M5.8 215 km 28 km N of Olympia, WA
November 08, 1960 M5.0 219 km 115 km WNW of Newport, OR
January 29, 1995 M5.0 225 km 18 km NNE of Tacoma, WA
May 15, 1954 M5.0 227 km 19 km NNW of Tacoma, WA
April 30, 1882 M5.7* 227 km 19 km S of Bremerton, WA
November 13, 1939 M6.2 227 km 19 km S of Bremerton, WA
April 29, 1965 M6.5 227 km 18 km N of Tacoma, WA
April 30, 1945 M5.0 238 km 13 km SSE of North Bend, WA
April 29, 1945 M5.7 238 km 13 km SSE of North Bend, WA
December 12, 1880 M6.0* 238 km 12 km SE of Bremerton, WA
December 31, 1931 M5.0 240 km 29 km WSW of Bremerton, WA
March 07, 1891 M5.0* 247 km 3 km E of North Bend, WA
June 23, 1997 M4.9 248 km 6 km NE of Bremerton, WA
February 11, 1957 M5.0 248 km 6 km E of North Bend, WA

Carlson Geotechnical
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Inset 1. Historical Earthquakes
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Based on the historical record and crustal faulting models of the region, the maximum earthquake for
crustal sources within the Pacific Northwest is estimated to be M5.75% (independent of recurrence
interval). Similarly, the maximum earthquake for an intra-slab source on the subducting Juan De Fuca
plate is estimated to be M7.5 to M7.7.

B.2.1.3.2 Empirical Determination of Characteristic Earthquake

Another method for estimating the characteristic earthquake that a particular seismic source could
generate is by using empirical relationships between earthquake magnitude and fault rupture Iength51.
Based on these relationships, the size of historical earthquakes, and the thickness of seismogenic crust in
the region, the maximum earthquake magnitude expected from crustal sources is M6.0 to M6.6°>. Based
on the likely thin nature of the Juan De Fuca Plate, and comparing the historic seismicity along the CSZ
intra-slab area with other similar intra-slab regions, Geomatrix Consultants® estimated the maximum
magnitude earthquake for intra-slab sources as M7.0 to M7.5. Similarly, based on magnitude versus
rupture area relationships for subduction zone earthquakes worldwide, the maximum magnitude of a CSZ
earthquake is estimated to be M8.0 to M9.0>*. These magnitudes are also reflected in the probabilistic
analyses used by U.S. Geological Survey.

% Geomatrix Consultants, 1995. Ibid.

Bonilla, M.G., R. K. Mark, and J.J. Lienkaemper, 1984, Statistical relations among earthquake magnitude, surface rupture
length, and surface fault displacement: Bulletin of the Seismological Society of America, V. 74, p. 2379-2411.

Geomatrix Consultants, 1995. Ibid.

Geomatrix Consultants, 1995. Ibid.

Geomatrix Consultants, 1995. Ibid.

51
52

53
54

Carlson Geotechnical Page B.10



Appendix B — Site Specific Seismic Hazards Study
Sunset Primary School

West Linn, Oregon

CGT Project Number G1504201

July 15, 2015

B.2.1.3.3 Code Specified Design Earthquake
Section 1803.3.2.1 of the 2014 Oregon Structural Specialty Code (OSSC) indicates specific minimum

requirements for earthquake magnitudes to be used in seismic analyses, which are summarized in the
following table:

Table B2 OSSC Minimum Design Earthquake

Seismic Source Minimum Design Earthquake
Shallow Crustal Faults 6.0
Cascadia Subduction Zone - Intra-Slab 7.0
Cascadia Subduction Zone - Interface 8.5

B.2.1.4 Seismic Sources in the Vicinity of the Site

Table B3 shows the previously discussed faults (Section B.2.1.1), the characteristic earthquake
magnitude for each, and the distance and direction of the fault from the site.
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Table B3 Fault, Characteristic Earthquake Magnitude, and Distance from Site.
USGS Fault A imat Fault T
Earthquake Char Type of USGS Fault . ad . pproximate . auft frace
Fault Source Ma Fault Class! Orientation Earthquake Distance (km) & Notes
No. 9 (strike & dip) depth (km) Direction from Site
874 Bolton fault 6.19 Reverse B N: ;:IN 1510 40 km 0.75 km NE 2
875 Oatfield fault 6.00 Reverse A N74 01 ;N 150 40 km 4 km NE 34
gry | PoandHills 2o | Reverse A NSTW 15t 40 km 5.5 km NE 2
fault 70N
Right
716 | Conby-Molalla o0 || steral A N34W 1510 40 km 6 km WSW 34
fault . ) 90 (vertical)
Strike Slip
Damascus- Right NS
879 Tickle Creek 6.00 Lateral A ) 15 to 40 km 8.5 km ENE 34
. . 90 (Vertical)
fault Strike Slip
N46W
876 East Bank fault | 6.00 Reverse A 70N 15 to 40 km 12 km NE 34
grg | CAMBUE o1 | Nomal A NOOE 150 40 km 14 km NNE 2
fault 60N
715 | Beaveronfault 1o 00 1 Nomal A NBGE 15 t0 40 km 19 km NW 34
zone Unknown Dip
Right
7171 N42W
Newberg fault | 6.85 Lateral A . 150 40 km 27 km WSW 2
OR3 . . 90 (vertical)
Strike Slip
Sandy River . .
OR4 6.50 Strike-Slip C 90.00 1510 40 km 28 km NE 2
fault zone
gr3 | MOUMANGEl o oo | st A N43E 15 t0 40 km 30 km SW 2
fault 60to 70N
ggo | ecamastake | oo 1 Nomal A NASW 15 t0 40 km 30 km NE 2
fault 75S
714 Helvetia fault 6.40 Normal A N;SVW 1510 40 km 31 km NW 2
Right
718/ Gales Creek 6.75 Lateral A N41W 150 40 km 41 km WNW 2
OR1 fault zone . . 90 (vertical)
Strike Slip
Intra Slab 7.00 Normal A N3OW 30 to 60 km Or? eastern. margin of 3
10t0 20 E seismogenic zone
Cascadia 110 km W (to east
) 9.0 Mega- N30W . .
784 Subduction 83 Thrust A 1010 20 E 10to 25 km edge of seismogenic 35
Zone zone)

1 USGS Fault Classes from USGS Earthquake Hazards Program, 2008 National Seismic Hazard Maps
Class A: Fault with convincing evidence of Quaternary activity (ACTIVE)
Class B: Fault that requires further study in order to confidently define their potential as possible sources of earthquake-induced ground motion

g B w N

(POTENTIALLY ACTIVE)

Class C: Fault with insufficient evidence for Quaternary activity (LOW POTENTIAL FOR ACTIVITY)

Characteristic earthquake magnitude from USGS Earthquake Hazards Program, 2008 National Seismic Hazard Maps — Fault Parameters
Characteristic earthquake magnitude from USGS Quaternary Fault and Fold Database of the United States
Characteristic earthquake magnitude from Section 1803.3.2.1 of the 2014 OSSC - Design Earthquake.

Models of earthquake magnitude assign variable magnitudes for different portions of the Cascadia Subduction Zone, so multiple magnitudes are provided.

Carlson Geotechnical
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B.3.0 SEISMIC SITE CLASS
B.3.1 Site Profile to Bedrock

The estimated soil profile to bedrock is shown on Inset 2.

Based on review of the geologic map55, the site is underlain
by Columbia River Basalt. The Columbia River Basalt
consists of numerous fine-grained lava flows that primarily
erupted from fissures in eastern Washington and Oregon and
western ldaho during the Miocene (23.8 to 5.3 million years
ago). A thick, clay-rich residual soil often forms on the upper
portion of the Columbia River Basalt from the in-place
weathering of the rock. The Columbia River Basalt is several
thousand feet thick in the vicinity of the site.

The materials encountered in the upper portion of our
explorations at the site were not consistent with descriptions
of decomposed Columbia River Basalt mapped within the
area. The materials consisted of decomposed volcaniclastic
sediments and heavily weathered basalt. These soils
extended to at least 61 feet bgs at the site (the deepest point
explored during this investigation). Logs of wells in the
vicinity of the site indicate intact, hard, basalt bedrock is
generally encountered within about 10 feet of the ground
surface. Numerous ancient (non-active) faults are located
within the vicinity of the site, which may explain the presence
of the localized deep soils. Additional deep borings and/or
geophysical surveys could be performed to refine the geology
within the vicinity of the site. However, based on the very stiff
to hard consistencies of the soils encountered in the borings,
the additional exploration would be of limited benefit to the
analysis and design of the proposed project.

B.3.2 Site Class Determination

Section 1613.3.2 of the 2014 OSSC requires that the determination of the seismic site class be based on
subsurface data in accordance with Chapter 20 of the ASCE 7-10. CGT chose to use Standard
Penetration Test (SPT) N-values for determination of the site classification for this project. The SPT
subsurface exploration method is described in the geotechnical investigation report. Boring B-1 was
advanced to a depth of about 61 feet bgs and terminated in hard sandy clay. Chapter 20 of ASCE 7-10
requires that the stiffness of the soils be measured or reasonably estimated for the upper 100 feet bgs.
As discussed in Section B.3.1, basalt bedrock is anticipated to extend to depths of several thousand feet
bgs. The materials encountered in the deeper portions of the borings was consistent with the

®  Madin, I.P., 2009, Geologic map of the Oregon City 7.5' quadrangle, Clackamas County, Oregon: Oregon Department of

Geology and Mineral Industries, Geological Map Series 119, scale 1:24,000.
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decomposed basalt mapped in the area of the site. To satisfy code requirements we averaged the
SPT N-values from B-1 from 45 to 61 feet bgs, and extrapolated the results to a depth of 100 feet bgs.
The results of the site class calculations are shown in the following table.

Table B4 Calculation for Determination of Site Classification

Bottom Depth Soil Type Field SPT Layer Thickness [di] di/Ni

(feet) (Ni) (feet)
15 CL-CH 15 15 0.10
4 CL-CH 17 2.5 0.15
74 CL 17 34 0.20
115 CL 8 4.1 0.51
14 CL 14 2.5 0.18
16.5 CL 22 2.5 0.11
20.9 CL 100 44 0.04
26.5 CL 28 5.6 0.20
30.9 CL 100 5 0.05
36.5 SC 19 5 0.26
415 SC 46 5 0.11
46.5 SC 75 5 0.07
50.4 SC 100 39 0.04
56.5 CL 44 6.1 0.14
60.9 CL 100 4.4 0.04
100 cL 80 (average of 39.1 0.49

previous 4 readings)
TOTALS 100.0 2.69
n
Geometric Mean: _ Z d;
(ASCE 7-10 Section 20.4.2 N = 'n:1 q =37.17
Equation 40.4.-2) 27'
iz N,

Based on the guidelines presented in Table 20.3-1 in Chapter 20 of the ASCE 7-10, the project site is
designated as Site Class D.

B.4.0 SEISMIC DESIGN
B.4.1 Seismic Ground Motion Values

Earthquake ground motion parameters for the site were obtained based on the United States Geological
Survey (USGS) Seismic Design Values for Buildings - Ground Motion Parameter Calculator®®. The
following table shows the recommended seismic design parameters for the site.

% United States Geological Survey, 2015. Seismic Design Parameters determined using:, “U.S. Seismic Design Maps Web

Application,” from the USGS website http://geohazards.usgs.gov/designmaps/us/application.php.
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Table B5 Seismic Ground Motion Values
Parameter Value
Mapped Acceleration Spectral Acceleration, 0.2 second (S;) 0.945g
Parameters Spectral Acceleration, 1.0 second (S; ) 0.407g
Coefficients Site Coefficient, 0.2 sec. (Fa) 1.122
(Site Class D) Site Coefficient, 1.0 sec. (Fv) 1.593
Adjusted MCE Spectral MCE Spectral Acceleration, 0.2 sec. (Sys) 1.060g
Response Parameters MCE Spectral Acceleration, 1.0 sec. (Sy) 0.648¢
Design Spectral Response Design Spectral Acceleration, 0.2 seconds (Spg) 0.707g
Accelerations Design Spectral Acceleration, 1.0 second (Sp,) 0.432g

Based on Section 1613.3.5 of the 2014 OSSC, the site falls into a Seismic Design Category D.

The recommendations presented above were based on design procedures presented in Section 11.4 of
ASCE 7-10. A site-specific response analysis could be performed to develop a site-specific design
response spectrum at the owner’s discretion, if desired, for an additional fee.

B.5.0 SEISMIC HAZARDS
B.5.1 Liquefaction
B.5.1.1 Overview

In general, liquefaction occurs when deposits of loose/soft, saturated, cohesionless soils, generally sands
and silts, are subjected to strong earthquake shaking. If these deposits cannot drain quickly enough,
pore water pressures can increase, approaching the value of the overburden pressure. The shear
strength of a cohesionless soil is directly proportional to the effective stress, which is equal to the
difference between the overburden pressure and the pore water pressure. When the pore water pressure
increases to the value of the overburden pressure, the shear strength of the soil reduces to zero, and the
soil deposit can liquefy. The liquefied soils can undergo rapid consolidation or, if unconfined, can flow as
a liquid. Structures supported by the liquefied soils can experience rapid, excessive settlement, shearing,
or even catastrophic failure.

The susceptibility of sands, gravels, and sand-gravel mixtures to liquefaction is typically assessed based
on penetration resistance, as measured using SPTs, CPTs, or Becker Hammer Penetration tests (BPTS).
For fine-grained soils, susceptibility to liquefaction is evaluated based on penetration resistance and
plasticity, among other characteristics. Criteria for identifying non-liquefiable, fine-grained soils are
constantly evolving. Current practice to identify non-liquefiable, fine-grained soils is based on plasticity
characteristics of the soils, as follows: (1) liquid limit greater than 47 percent, (2) plasticity index greater
than 20 percent, and (3) moisture content less than 85 percent of the liquid limit®".

% Seed, R.B. et al., 2003. Recent Advances in Soil Liquefaction Engineering: A Unified and Consistent Framework. Earthquake

Engineering Research Center Report No. EERC 2003-06.
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Review of hazard mapping available at the Oregon Statewide Geohazards Viewer website®® indicates the
site and immediate vicinity are shown as having no hazard associated with soil liquefaction (non-
liquefiable).

Based on the findings of our explorations the soils encountered within our borings are considered non-
liquefiable since they are above the groundwater level.

Based on the conditions encountered within our explorations, review of available mapping, and experience
with similar soils in the area of the site, the risk of significant settlement at the site due to soil liquefaction
during a design level earthquake is considered very low.

B.5.2 Slope Stability

Due to the relatively flat to gently sloping topography of the site and vicinity, the risk of seismically-
induced slope instability at the site is considered low.

B.5.3 Surface Rupture
B.5.3.1 Faulting

As discussed above, the site iis situated in a region of the country characterized by extensive faulting and
known for seismic activity. The site is located approximately ¥-mile southwest of a strand of the Bolton
Fault. However, no known faults are mapped on or immediately adjacent to the site, the risk of surface
rupture impacting the proposed development at the site due to faulting is considered low.

B.5.3.2 Lateral Spread

Surface rupture due to lateral spread can occur on sites underlain by liquefiable soils that are located on
or immediately adjacent to slopes steeper than about 3 degrees (20H:1V), and/or adjacent to a free face,
such as a stream bank or the shore of an open body of water. During lateral spread, the materials
overlying the liquefied soils are subject to lateral movement downslope or toward the free face. Given the
lack of liquefiable soils at the site, the risk of surface rupture due to lateral spread is considered very low.

B.5.4 Tsunami/Seiche Inundation

The site is geographically remote to the Oregon coast and therefore not at risk of inundation from a
tsunami occurring in the Pacific Ocean.

The term seiche refers to oscillating standing waves that can produce dramatic changes in water level
over relatively short periods of time and can cause inundation of nearby areas. A seiche can be
generated in enclosed or partially enclosed bodies of water by atmospheric conditions or seismic activity.
The site is located near the top of the Tualatin Mountains in a relatively flat area, with no nearby bodies of
water that could produce a seismically-induced seiche. Accordingly, the hazard associated with seiche
inundation at the site is generally considered negligible.

% Oregon HazVu: Statewide Hazards Viewer, 2015. Oregon Department of Geology and Mineral Industries:

http://www.oregongeology.org/hazvu
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B.6.0 REPORT SUBMITTAL

According to Section 1803.9 of the 2014 OSSC, the applicant should submit one copy of the Site-Specific
Seismic Hazards Study to the building permit issuing agency (the jurisdiction), and one copy to the
Oregon Department of Geology and Mineral Industries (DOGAMI). The DOGAMI report can be submitted
to the following address:

DOGAMI - Site Specific Seismic Hazards Study
Administrative Offices

800 NE Oregon Street #28, Suite 965

Portland, Oregon 97232
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June 20, 2016

West Linn Wilsonville School District 3JT
Attn: Mr. Remo Douglas
2755 SW Borland Road
Tualatin, Oregon 97062

Suitability of Proposed Stormwater Management Facility
Sunset Primary School

CGT Project Number G1504201.A
Dear Mr. Douglas:

Carlson Geotechnical (CGT) has prepared this letter to provide our opinion regarding the suitability of the proposed,
on-site stormwater facility for the new Sunset Primary School project. CGT is the geotechnical engineer of record
for this project and previously submitted our Report of Preliminary Geotechnical Investigation, Infiltration Testing &
Site Specific Seismic Hazards Study, dated July 15, 2015.

We understand the following:

e One of the conditions of the City Council’s land-use approval for this project is to provide an impervious, lined
stormwater detention facility,

o KPFF, the project civil engineer, has recently provided the design of this stormwater facility in their storm report,

e The proposed impervious, lined stormwater detention facility will occupy an approximate 8,400 square-foot area
and will be approximately 4 feet deep, and

e Will be lined with a pre-manufactured, geosynthetic clay liner (GCL), consisting of two layers of geotextiles
surrounding a layer of low permeability sodium bentonite (i.e., clay).

This letter was prepared in response to the City of West Linn Development Engineering Supervisor, Mr. Khoi Le’s
comments on KPFF’s storm report. Mr. Le’s comments were received in an email forwarded to CGT by Mr. Remo
Douglas of the West Linn Wilsonville School District (WLWSD) on June 17, 2016. One of Mr. Le’'s comments
pertained to the above-referenced geotechnical report (attached to KPFF’s storm report as Appendix A), requesting
additional information be provided regarding the geotechnical suitability of the construction of an impervious lined
stormwater detention facility at the site.

CGT is of the opinion that constructing an impervious, lined stormwater detention facility at the site will not cause
any negative geotechnical impacts to the existing site conditions. Subgrade preparation should be completed in
general accordance with the above-referenced CGT geotechnical report and per the GCL manufacturer’'s specific
recommendations.

We appreciate the opportunity to work with you on this project. Please contact the undersigned if you have any
questions regarding this letter.

Carlson Geotechnical ¢ P.O. Box 230997, Tigard, Oregon 97281



June 20, 2016

Sunset Primary School

West Linn, Oregon

CGT Project No. G1504201.A

Respectfully Submitted,
CARLSON GEOTECHNICAL

EXPIRES: Z|%\)z0\

Jeffrey P. Quinn, P.E. Ryan T. Houser, CEG
Geotechnical Engineer Senior Engineering Geologist
jquinn@carlsontesting.com rhouser@carlsontesting.com

Attachments: None

Doc ID: GAGEOTECH\PROJECTS\2015 Projects\New Sunset Primary School\G1504201.A\008 - Deliverables\Impervious Storm Pond
Letter.docx

Carlson Geotechnical Page 2 of 2
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Operation and Maintenance Plan

Sunset Primary School

Prepared for: West Linn Wilsonville School District
Prepared by: Andrew Chung, Matt Johnson
Project Engineer: Mark Wharry, PE

June 2016 | KPFF Project #315087
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KPFF'S COMMITMENT TO SUSTAINABILITY

As a member of the US Green Building Council,
a sustaining member of Oregon Natural Step,
and a member of the Sustainable Products
Purchasers Coalition, KPFF is committed to the
practice of sustainable design and the use of
sustainable materials in our work.

When hardcopy reports are provided by KPFF,
they are prepared using recycled and recyclable
materials, reflecting KPFF’'s commitment to
using sustainable practices and methods in all
of our products.

®
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. Description

The Sunset Primary School project is located at 2531 Oxford St. West Linn, Oregon. Currently, the site is
occupied by the existing Sunset Primary school, baseball field, playground equipment and wooded area.
The proposed project site is bound to the South by Oxford Street, Park Street, and Bittner Street, to the
west by adjacent property, and to the north and east by woods (see Figure 1 — Vicinity Map). Currently,
stormwater runoff from the project site is served by catch basins and surface runoff to public storm system
on Exeter Street and Park Street.

The proposed project is an entire replacement of the Sunset Primary school building, asphalt parking lots,
sidewalks, landscape, plays areas, and sports fields. All of this redevelopment will require stormwater
treatment and detention. One adequately sized stormwater facility will meet City of West Linn Design
Standards Section 2 Storm Drain requirements. The drainage area for the total project area is
approximately 4.8 acres.

Water quality facilities used on property (see Storm Plans for location):

* Planters: A vegetated landscaped reservoir used to collect, filter, and infiltrate stormwater. The
stormwater is treated as it percolates through the vegetation, growing medium, and gravel. Each
has an open bottom, allowing for infiltration into the native soil to occur. It has an overflow pipe
that will discharge into the drywell system.

*  Piped Storm System: The piped storm system consists of all underground pipes and structures that
connect the roof drains, drywells, overflows, and rain gardens.

* Rain Garden: An engineered planter that filters pollutants out of stormwater as it passes through
engineered growing medium prior to infiltration. The rain garden contains an overflow inlet
structure that conveys excess stormwater from large rain events to public storm system and rip rap
protection at inlets to prevent erosion and damage to the planter soil and vegetation.

e Trapped Catch Basin: A 24-inch square basin that collects stormwater runoff, traps debris, and
conveys runoff into the stormwater system.

e Overflow Inlet: A vertical pipe with a grate over it that allows stormwater from large rain events to
enter the downstream storm system. The grate prevents debris and rodents from entering the
piped storm system.

e Sedimentation Manhole: A manhole with a sump to collect sediment and a down-turned elbow to
prevent floatables from entering the piped system. This structure prevents debris and sediment
from entering the drywell manholes.

Sunset Primary School | KPFF Consulting Engineers 4
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II. Schedule

Each part of the system shall be inspected and maintained quarterly within the first two years. After two
years, all facilities should be inspected twice a year. All facilities should be inspected 48 hours after each
major storm event. For this O&M Plan, a major storm event is defined as 1 inch of rain or more in 24 hours.
All components of the storm system as described above must be inspected and maintained frequently or
they will cease to function effectively. The facility owner shall keep a log, recording all inspection dates,
observations, and maintenance activities. Receipts shall be saved when maintenance is performed and
there is record of expense.

lll. Inspection and Maintenance Procedures

The following items shall be inspected and maintained as stated:

Piped Storm System
e Sediment shall be removed biannually.
e Debris shall be removed from inlets and outlets quarterly.
e Quarterly inspection for clogging shall be performed.
e Grates shall be tamper proof.

Source Control measures prevent pollutants from mixing with stormwater. Typical non-structural control
measures include raking and removing leaves, street sweeping, vacuum sweeping, and limited and
controlled application of pesticides, herbicides, and fertilizers.

e Source control measures shall be inspected and maintained quarterly.

e Signage shall be maintained.

Spill Prevention measures shall be exercised when handling substances that can contaminate stormwater.
Virtually all sites, including residential and commercial, present dangers from spills. It is important to
exercise caution when handling substances that can contaminate stormwater. Activities that pose the
chance of hazardous material spills shall not take place near collection facilities.

e The proper authority and the property owner shall be contacted immediately if a spill is observed.
A spill kit shall be kept near spill-prone operations and refreshed annually.
Employees shall be trained on spill control measures.
Shut-off valves shall be tested quarterly.
Releases of pollutants shall be corrected within 12 hours.

Insects and Rodents shall not be harbored in any part of the storm system.

* Pest control measures shall be taken when insects/rodents are found to be present. Standing water
and food sources shall be prevented.

e If sprays are considered, a mosquito larvicide such as Bacillus thurendensis or Altoside formulations
can be applied only if absolutely necessary and shall not be used where it will enter groundwater or
come into contact with any standing water. Sprays shall be applied only by licensed individuals or
contractors.

e Holes in the ground located in and around the storm system shall be filled.

Sunset Primary School | KPFF Consulting Engineers 5
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e QOutfalls draining into vegetated swales shall be inspected and cleaned regularly to ensure no rodent
activity, which can clog or decrease the efficiency of the storm system.

Access shall be maintained for all facilities so operations and maintenance can be performed as regularly

scheduled.
e Existing drywells shall be raised with a locking manhole cover to ensure access.

IV. Financial Responsibilities

The facility is to be maintained by West Linn Wilsonville School District. The preparer has worked closely
with personnel to design a system that can be easily maintained by maintenance staff.

The West Linn Wilsonville School District Facilities Manager is Pat McGough (503-673-7975).

A copy of the O&M Plan shall be provided to the property owner.

Sunset Primary School | KPFF Consulting Engineers
STORMWATER OPERATIONS & MAINTENANCE PLAN



Appendix A

Facilities Specifications

Sunset Primary School | KPFF Consulting Engineers
STORMWATER OPERATIONS & MAINTENANCE PLAN



Simplified O&M Specifications

BASINS

Maintenance Indicator

Corrective Action

Structural Components, including inlets and outlets/overflows, shall freely convey stormwater.

» Clogged inlets or outlets

» Broken inlets or outlets, including grates

» Cracked or exposed drain pipes

» Check dams

» Remove sediment and debris from catch basins, trench
drains, curb inlets, and pipes to maintain at least 50%
conveyance capacity at all times.

» Repair or replace broken downspouts, curb cuts,
standpipes, and screens as needed.

» Repair/seal cracks. Replace when repair is insufficient.
Cover with 6 inches of growing medium to prevent
freeze/thaw and UV damage.

» Maintain rock check dams per design standards.

Vegetation shall cover 90% of the facility.
» Dead or strained vegetation

» Tall grass and vegetation

» Weeds

» Replant per original planting plan, or substitute from
Appendix F.4 plant list.

» Irrigate as needed. Mulch banks as needed. DO NOT
apply fertilizers, herbicides, or pesticides.

» Prune to allow sight lines and foot traffic. Prune to
ensure inlets and outlets freely convey stormwater into
and/or out of the facility Manually remove weeds.
Remove all plant debris.

Growing/Filter Medium, including soil and gravels, shall sustain healthy plant cover and infiltrate within 48 hours.

» Erosion, and/or exposed soils

» Scouring at inlet(s)
» Slope slippage

» Ponding

» Fill and lightly compact areas of erosion with City-
approved soil mix. Stabilize soils with plantings from
Appendix F.4.

» Replace splash pads at inlet(s) with gravel/rock.

» Stabilize 3:1 slopes/banks with plantings from
Appendix F.4.

» Remove the top 2-4 inches of sediment at the inlet. Add
City-approved soil mix to match elevation of the inlet.
Rake, till, or amend with City-approved soil mix to
restore infiltration rate.

Maintenance Schedule:

Summer: Make any structural repairs. Improve filter medium as needed. Clear drains and inlets. Irrigate as needed.
Fall: Replant exposed soil and replace dead plants. Remove sediment and plant debris.

Winter: Monitor infiltration/flow-through rates. Clear inlets and outlets/overflows to maintain conveyance.

Spring: Remove sediment and plant debris. Replant exposed soil and replace dead plants. Mulch as needed but do not

block the inlets, outlets, or flow paths with mulch.
All seasons: Weed as necessary.

Maintenance Records:

All maintenance operators are required to keep an annual inspection and maintenance log.
Record the date, description, and contractor (if applicable) for all structural repairs, landscape maintenance, and
facility cleanout activities. Keep work orders and invoices on file and make available upon request of the City

inspector.

Access: Maintain ingress/egress, including access roads, to design standards.
Infiltration/Flow Control: All facilities shall drain within 48 hours. Record the time/ date, weather, and site

Chapter 3: Operations and Maintenance

3-20

Portland Stormwater Management Manual — January 2014




conditions when ponding occurs.

Pollution Prevention: All sites shall implement BMPs to prevent hazardous or solid wastes or excessive oil and
sediment from contaminating stormwater. Contact Spill Prevention & Citizen Response at 503-823-7180 for immediate
assistance responding to spills. Record the time/date, weather, and site conditions if site activities contaminate
stormwater. Record the time/date and description of corrective action taken.

Vectors (Mosquitoes and Rodents): Stormwater facilities shall not harbor mosquito larvae or rats that pose a threat to
public health or that undermine the facility structure. Monitor standing water for small wiggling sticks perpendicular
to the water's surface. Note holes/burrows in and around facilities. Call Multnomah County Vector Control at 503-
988-3464 for immediate assistance to eradicate vectors. Record the time/date, weather, and site conditions when
vector activity is observed.

Chapter 3: Operations and Maintenance 3-21
Portland Stormwater Management Manual — January 2014
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Memorandum ]_

Page 10f3

DATE: May 6, 2016

PROJECT: 315087-Sunset Primary School SUBJECT: Storm Drainage Summary
Public Improvements

TO: Khoi Le FROM: Tyson Leggate
City of West Linn KPFF Consulting Engineers

PHONE: 503-722-5517 PHONE: 503-542-3831

EMAIL: kle@westlinnoregon.gov EMAIL: tyson.leggate@kpff.com

Calculations Overview

Each basin described below flows toward a Flow-Through Planter (FTP), which is sized per the City of
Portland PAC Calculator to meet the water quality event. The FTPs each have the following characteristics
(unless noted otherwise):

* Assumed infiltration rate of 1 inch/hour

e Stormwater Hierarchy 2 (on-site infiltration, with overflow)

¢ Facility Configuration C

e 18 inches of growing media

e 12 inches of rock storage

¢ Underdrain pipe included in rock storage

e Planter (sloped) OR planter (flat) as outlined below

See the attached basin map and PAC Calculator calculations form more information on each basin and
facility.

Basin Summaries

Basin A is an area along Oxford Street, west of Exeter Street and north of the right-of-way centerline. The
basin has 10,530 square feet of new and existing impervious area and slopes from NW to SE at 3% - 6%
slopes toward a FTP-A. A concrete inlet conveys the water into the sloped FTP, which has a longitudinal
slope of 4.5%. The FTP is divided into 2 bays of varying length and width that are divided by a check dam.
The FTP may overflow via a curb notch into the street gutter line and a storm inlet located downstream.
The PAC calculations prove that the planter passes the routing of the pollution reduction storm with 199
square feet of infiltration area and using 69% of the surface capacity.

Basin B is an area along Oxford Street, west of Exeter Street and south of the right-of-way centerline. The
basin has 13,100 square feet of new and existing impervious area and slopes from NW to SE at 3% - 6%
slopes toward a FTP-B. A concrete inlet conveys the water into the sloped FTP, which has a longitudinal
slope of 3.4%. The FTP is divided into 3 bays of varying length and width that are divided by check dams.
The FTP may overflow via a curb notch into the street gutter line and a storm inlet located downstream.

111 SW Fifth Avenue, Suite 2500, Portland, OR 97204 503.542.3860 FAX 503.274.4681

Austin, TX Eugene, OR Portland, OR
{3 When provided by KPFF, paper copies are printed on 100% Recycled Post-Consumer Fiber (PCF) paper
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The PAC calculations prove that the planter passes the routing of the pollution reduction storm with 218
square feet of infiltration area and using 100% of the surface capacity.

Basin Cis an area along Oxford Street, east of Exeter Street and north of the right-of-way centerline. The
basin has 5,900 square feet of new impervious area and slopes from east to west at 1% - 1.5% toward FTP-
C. A concrete inlet conveys the water into the flat FTP, which is 110 square feet in size. The FTP may
overflow via a curb notch into the street gutter line and a storm inlet located downstream. The PAC
calculations prove that the planter passes the routing of the pollution reduction storm using 83% of the
surface capacity.

Basin D is an area along Oxford Street, east of Exeter Street and south of the right-of-way centerline. The
basin has 5,150 square feet of new impervious area and slopes from east to west at 1% - 1.5% slopes
toward FTP-D. A concrete inlet conveys the water into the flat FTP, which is 100 square feet in size. The FTP
may overflow via a curb notch into the street gutter line and a storm inlet located downstream. The PAC
calculations prove that the planter passes the routing of the pollution reduction storm using 57% of the
surface capacity.

Basin E is an area along Bittner Street, south of Oxford Street and east of the right-of-way centerline,
encompassing a majority of the new impervious area proposed. The basin has 5,750 square feet of new
impervious area and slopes from north to south at 5.4% slope toward a FTP-E. A scupper drain conveys the
water into the sloped FTP, which has a longitudinal slope of 5.4%. The FTP is divided into 2 bays of varying
length and width that are divided by a check dam. The FTP may overflow via a curb notch into the street
gutter line and a storm inlet located downstream. The PAC calculations prove that the planter passes the
routing of the pollution reduction storm with 121 square feet of infiltration area and using 39% of the
surface capacity.

Basin F is an area along Bittner Street, south of Oxford Street and west of the right-of-way centerline,
encompassing a large portion of the new impervious area proposed. The basin has 4,650 square feet of
new impervious area and slopes from north to south at 5.4% slope toward a FTP-F. A scupper drain conveys
the water into the sloped FTP, which has a longitudinal slope of 5.4%. The FTP is divided into 2 bays, 6.5
feet wide and 8.0 feet long, which are separated by a check dam. The FTP may overflow via a curb notch
into the street gutter line and a storm inlet located downstream. The PAC calculations prove that the
planter passes the routing of the pollution reduction storm, with 89 square feet of infiltration area and
using 36% of the surface capacity.

Area X is 10,250 square feet of new impervious area, which could not be conveyed into a FTP facility. The
area is at the intersection of Oxford Street and Exeter Street (5,790 square feet) and south of the new FTP
planters on Bittner Street (4,460 square feet). However, this untreated area is much less than the
additional amount of existing impervious area being treated from Basins A & B to more than offset this
area.
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Table Summary

Basin Ownership | Storm  Source Facility Actual

Facility (Roof, . . Max. Sizing

Road or Wet Factor

Other) Area (Facility

(sf) Area/

Total

Imp.

Area)

Basin A Public A Road, 2.0%
Sidewalk | 10,530 5,200 220

Basin B Public B Road, 1.9%
Sidewalk | 13,100 6,050 210

Basin C Public C Road, 1.9%
Sidewalk | 5,900 5,900 110

Basin D Public D Road, 2.2%
Sidewalk | 5,150 5,150 100

Basin E Public E Road, 2.9%
Sidewalk | 5,750 5,750 130

Basin F Public F Road, 2.4%
Sidewalk | 4,650 3,850 100

Area X Public N/A | Road, N/A N/A

Sidewalk | 10,250 10,250

Detention

The stormwater planters in the right of way do not need to account for meeting any detention
requirements because the net impervious area of the area of disturbance is decreased. Table 2 below
compares the existing and proposed impervious areas within the area of disturbance.

Impervious Pervious Total Site Area* (sf)
Surface Area (sf) | Surface Area
(sf)
Existing 44,240 5,060 49,300
Post-Development | 40,670 8,630 49,300

*=within area of disturbance

315087-bd
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PAC Report

Project Narne Created
Permit No.
315087 Sunset PS 5/3/16 5:25 PM
Frojeci Address . -
Designer Last Mcdified
2351 Oxford Street :
Tyson L t 5
West Linn, OR 97068 vson Leggate 5/5/16 8:15 PM
Company Report Generated

KPFF Consulting Engineers 5/5/16 8:15 PM

Project Summarly|

Public improvements to frontage of new school project.

Catchment Impervious Na[;ievs(? gsnoil Hierarchy Facility Facility Fasciizliety Fsalzlllriltgy PR Clc-:lnot‘::ﬂ
Name Area (sq ft) Infiltration Rate Category Type Config (sq ft) Ratio Results Resuits
A 10530 1.00 2 :’S';’:fgg y 2% Pass  Not Used
B 13100 1.00 2 (PS';’;}:;) c 1.9% Pass Not Used
Planter
c 5900 1.00 2 Sloped)  © 1.9% Pass Not Used
D 5150 1.00 2 &'E"JZL) c 22%  Pass NotUsed
E 5750 1.00 2 (PS'I":)':}Z;) c 29%  Pass NotUsed
F 4650 1.00 2 (PS';'::"::(’,) c 24%  Pass Not Used

PAC Report: 315087 Sunset PS
Pg. 10f 25



Catchment Al

Site Soils & Infiltration Testing
Data

Correction Factor

Design Infiltration Rates

Catchment Information

SBUH Results

Infiltration Testing Procedure

Native Soil Infiltration Rate (l.s)
CFiest

Native Soil (ljsgn)

Imported Growing Medium

Hierarchy Category
Hierarchy Description
Pollution Reduction Requirement

10-year Storm Requirement

Flow Control Requirement

Impervious Area

Time of Concentration (Tc)

Post-Development Curve Number (CNp,)

Open Pit Falling Head

1.00

2

0.50 in/hr
2.00 in/hr
2

On-site infiltration through use
of approved UIC facility

Pass

Pass or if Fail, disposal through
separate approved UIC

Pass or if Fail, disposal through
separate approved UIC

10530 sq ft
0.242 acre

5
98

0.25

)

PR

2yr

Time (min)

@Brr O2yr 5y B1ow E25yr

Peak Rate (cfs)
0.043

0.149

PAC Report: 315087 Sunset PS
Pg.20f 25

L] T L
600 aoa 1,000

1,200 1,400 1,600

Volume (cf)
550.222

1905.36



5yr 0.182 2341.783
10 yr 0.214 2778.859
25yr 0.247 3216.347

PAC Report: 315087 Sunset PS
Pg. 3 0f 25



Facility A

Facility Details

Facility Facts

Pollution Reduction Results

10 Year Results

Sloped Facility Worksheet

Facility Type
Facility Configuration
Facility Shape

Above Grade Storage Data
Growing Medium Depth

Surface Capacity at Depth 1

Design Infiltration Rate for Native Soil

Infiltration Capacity

Below Grade Storage Data
Rock Storage Depth

Rock Porosity

Storage Depth 3

Total Facility Area Including Freeboard
Sizing Ratio

Pollution Reduction Score
Overflow Volume

Surface Capacity Used

Rock Capacity Used

10 Year Score

Overflow Volume

Surface Capacity Used

Rock Capacity Used

Segment Check Slope, Bottom Right Side Left Side
# Length (ft) Dam vih (ft/ft) Width (ft) Slope, hiv  Slope, hiv
g Length (ft) L) )
1 8.50 0.50 0.0250 8.00 0.0 0.0
2 7.30 0.50 0.0250 10.00 0.0 0.0
3 7.00 0.50 0.0250 10.00 0.0 0.0

PAC Report: 315087 Sunset PS
Pg. 4 of 25

Downstream
Depth (in)

Planter (Sloped)

C: Infl. with RS and
underdrain (Ud)

Sloped

18in
1143 cu ft
0.002 in/hr
0.009 cfs

12in

0.30 in

6.0 in
211.00 sq ft
2%

Pass
346.930 cf
69%

100%

Fail
2536.303 cf
100%

100%

Landscape
Width (ft)

9.5 8.00
8.0 10.00
6.0 10.00

Rock
Storage
Width (ft)

8.00

9.00
9.00



Pollution Reduction Event Surface Facility Modeling Pollution Reduction Event Below Grade Modeling
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B Overfiow to approved discharge B Percent rock capacity

10 Year Event Below Grade Modeling
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0.008 -
02+ r80% 0,007 -
Yo15+ — oo% 00081
ot B0.0051-
2 014 Lao% %
5 o4 40% Foooa |
0.05 % o
. 0.002
D T T T T T “T 0% 0'001 T
0 500 1,000 1500 2000 2500 3,000 3500 0
Time (min}) 0

E Infiow from rain
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500 1,000 1,500 2,000 2,500 3,000 3,500
Time (min)

E Inflow to rock storage

O Infiltration capacity
= Overflow to approved discharge I Percent rock capacity
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Catchment E’If

Site Soils & Infiltration Testing
Data

Correction Factor

Design Infiltration Rates

Catchment Information

Infiltration Testing Procedure

Native Soil Infiltration Rate (l,.5)
CFrest

Native Soil (lysgn)

Imported Growing Medium

Hierarchy Category
Hierarchy Description
Pollution Reduction Requirement

10-year Storm Requirement

Flow Control Requirement

Open Pit Falling Head

1.00

2

0.50 in/br
2.00 in/hr
2

On-site infiltration through use
of approved UIC facility

Pass

Pass or if Fail, disposal through
separate approved UIC

Pass or if Fail, disposal through
separate approved UIC

. 13100 sq ft
| A
mpervious Area 0.301 acre
Time of Concentration (Tc) 5
Post-Development Curve Number (CNpost) 98
SBUH Results
035
031 — = —————
0.254 =
€ 02-
015+ . .
2045
04 1
0.05
‘1\'
0 T N T -
8] 800 1,200 1,400 1,600
Time (min)
Hrer Hd2w Bsyr B0y B25vw
Peak Rate (cfs) Volume (cf)
PR 0.054 684.512
2yr 0.185 2370.391
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Syr 0.226 2913.329
10yr 0.267 3457.08
25yr 0.307 4001.343

PAC Report: 315087 Sunset PS
Pg. 7 of 25



Facility B

Facility Details

Facility Facts

Pollution Reduction Results

10 Year Results

Sloped Facility Worksheet

1

Facility Type
Facility Configuration
Facility Shape

Above Grade Storage Data
Growing Medium Depth

Surface Capacity at Depth 1

Design Infiltration Rate for Native Sail

Infiltration Capacity

Below Grade Storage Data
Rock Storage Depth

Rock Porosity

Storage Depth 3

Total Facility Area Including Freeboard
Sizing Ratio

Pollution Reduction Score
Overflow Volume

Surface Capacity Used

Rock Capacity Used

10 Year Score

Overflow Volume

Surface Capacity Used

Rock Capacity Used

Segment  CMeK Sl poyom RightSide  LeftSide

# Length () . D3M _ uh(fuft) Width (ft)y S'°Pe; hiv  Slope, hiv
9 Length (ft) (Fe/ft) (fUft)
12.20 050 00340  3.50 0.0 0.0
9.60 050 00340  4.50 0.0 0.0
9.00 050 00340 450 0.0 0.0
9.00 050 00340 450 0.0 0.0
8.80 050 00340 450 0.0 0.0

2
3
4
5

PAC Report: 315087 Sunset PS
Pg. 8 of 25

Downstream
Depth (in)

Planter (Sloped)

C: Infi. with RS and
underdrain (Ud)

Sloped

18 in

139.8 cu ft
0.002 in/hr
0.009 cfs

12 in

0.30 in

6.0 in
243.00 sq ft
1.9%

Pass
465.078 cf
100%

100%

Fail
3203.457 cf
100%

100%

Landscape
Width (ft)

8.4 5.00
9.6 5.00
10.8 5.00
10.8 5.00
12.0 5.00

Rock
Storage
Width (ft)

3.50

4.50
4.50
4.50
4.50



Pollution Reduction Event Surface Facility Modeling

0.06 120%

0.05 - -100%
50.04 E -Fa0%
o
% 0.03 4 -60%
002+ ) -40%

001 1 :«.;j 2 ""H e +20%

0 r : ) 0%

500 1,000 1,500 2,000 2500 3,000 3,500

Time (min)

& Inflow from rain
[ Total flow to below grade storage E Flow bypassing growing medium
M Percent surface capacity

O Infiltration capacity

10 ¥ear Event Surface Facilty Modeling

120%
-100%
-80%
-60%
-40%
-20%

T 1 1 T L) )
S00 1,000 1500 2000 2500 3,000 3,500

Time {min)

& Inflow from rain
E Total flow to below grade storage B Flow bypassing growing medium
B Percent surface capacity

O Infikration capacity

0%

Pollution Reduction Event Below Grade Mocdeling
0.008 180%
0.008 - -—160%
0.007 - -140%
~0.006 1~ -120%
£0.005 - -100%
£0.004 g ~1-80%
“0.003 - \ -50%
0.002 : 1\ - - 409
0.001 - ‘ -20%
0 v = — 7 ' 0%
0 500 1,000 1,500 2000 2,500 3000 3,500

Time (min)

Inflow to rock storage O Infilration capacity
B Overflow to approved discharge B Percent rock capaciy

10 Year Event Below Grade Modeling

0.009 1680%
0.005 160%
0.007 - -140%
200084 (1=— *t120%
50,005 - -100%
u_'g:u.um-- v -80%
o.una-f-l- s y— - 60%
0.002 " ! ~Lao%
0.001 A I \ —}20%
0 . . i —_ . 0%

0 500 1000 1,500 2,000 2500 3,000 3500

Time (min)

H Inflow to nock storage 3 Infiltration capacity
E Overflow to approved discharge I Percent rock capacity
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Catchment C

i
|

Site Soils & Infiltration Testing
Data

Correction Factor

Design Infiltration Rates

Catchment Information

Infiltration Testing Procedure

Native Soll Infiltration Rate (l,.)
CFtest

Native Soil (lysgn)

Imported Growing Medium

Hierarchy Category
Hierarchy Description
Pollution Reduction Requirement

10-year Storm Requirement

Flow Control Requirement

Open Pit Falling Head

1.00

2

0.50 in/hr
2.00 in/hr
2

On-site Infiltration through use
of approved UIC facllity

Pass

Pass or If Falil, disposal through
separate approved UIC

Péss or if Fail, disposal through
separate approved UIC

. 5900 sq ft
Impervious Area
P 0.135 acre
Time of Concentration (Tc) 5
Post-Development Curve Number (CN,,..) 98
SBUH Results
014
0124 - T
014 =
+0.08 1 .
‘; [ |
S0.06 - 5
0.04 - :
0.02 4
1 \
600 800 1,000 1,200 1,400 1,600
Time (min)
Err H2y O5yr B10yr @25 yr
Peak Rate {(cfs) Volume (cf)
PR 0.024 308.292
2yr 0.083 1067.581

PAC Report: 315087 Sunset PS
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Syr 0.102 1312.11
10 yr 0.12 1557.005
25yr 0.138 1802.132

PAC Report: 315087 Sunset PS
Pg. 11 of 25



Facility C

Facility Details

Facility Facts

Pollution Reduction Results

10 Year Results

Facility Type
Facility Configuration
Facility Shape

Above Grade Storage Data
Growing Medium Depth

Surface Capacity at Depth 1

Design infiltration Rate for Native Soil

Infiltration Capacity

Below Grade Storage Data
Rock Storage Depth

Rock Porosity

Storage Depth 3

Total Facility Area Including Freeboard
Sizing Ratio

Pollution Reduction Score
Overflow Volume

Surface Capacity Used

Rock Capacity Used

10 Year Score

Overflow Volume

Surface Capacity Used
Rock Capacity Used
Sloped Facility Worksheet
Segment Check Slope, Bottom Right Side Left Side
# Length (ft) Dam vih (ft/ft) Width (ft) Slope, hiv  Slope, hiv
9 Length (ft) (FUt) (fft)
1 - 10.90 0.50 0.0110 5.00 0.0 0.0
2 8.60 0.50 0.0110 6.50 0.0 0.0

PAC Report: 315087 Sunset PS
Pg. 12 of 25

Downstream
Depth (in)

Planter (Sloped)

C: Infl. with RS and
underdrain (Ud)

Sloped

18 in

58.9 cu ft
0.001 in/hr
0.005 cfs

12 in

0.30 in

6.0 in
110.40 sq ft
1.9%

Pass
194.608 cf
83%

100%

Fail
1419.877 cf
100%

100%

Rock
Landscape Storage

Width () \width (st)
7.2 5.00 5.00

7.2 6.50 6.50



Flow (cfs)

Pollution Reduction Event Surface Facility Modeling Poliution Reduction Event Below Grade Modeling
0.025 100% 0.005 ; 100%
| l
0.02 FE0% 0,004 - ' \ -80%
\
0.015 4 60% 20.003 ——'l -60%
0.01 \ Lg0% 2 | g
’ | ".‘ u—c’_ 0.002 1 f -40%
0.005 1 — 1 20, ! %
o T I T T T T 0% l; 1
0 500 1,000 1500 2,000 2500 3,000 3,500 0 T T T — T T 0%
Time (min) a 560 1,000 1,500 2,000 2500 3000 3,500
Time (min)
Inflow from rain 2 Infikration capacity .
= Total flow to below grade storage [E Flow bypassing growing medium Inflow to rock storage O Infittration capacky

I Percent surface capacity

10 Year Event Surface Facility Modeling

E Overflow to approved discharge B Percent rock capacity

10 Year Event Below Grade Modeling

012 120% 0.005 T 100%
| !
-100% ;
! 0004 | | [ 80%
| oo |
j L0003 4 i -60%
- \.___ NN . |
vl -40% EDDUZ 11 l -40%
) et R
] 2% gom o 1
0 T T 'I 2 - T L L) % '
1] 500 1,000 1,500 2000 2500 3,000 3500 0 T T T 2 ; T T 0%
Time (min) D S00 1,000 1500 2000 2500 3,000 3,500
Time (min)
E Inflow from rain 3 Infiltration capacity
[ Total flow to below grade storage E Flow bypassing growing medium E Inflow to rock storage Infiltration capacity

B Percent surface capacity

B Overfiow to approved discharge B Percent rock capacity
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Catchment If;)

Site Soils & Infiltration Testing
Data

Correction Factor

Design Infiltration Rates

Catchment Information

Infiltration Testing Procedure

Native Soil Infiltration Rate (I,.5)
CFres

Native Soil (lysgn)

Imported Growing Medium

Hierarchy Category
Hierarchy Description
Pollution Reduction Requirement

10-year Storm Requirement

Flow Control Requirement

Open Pit Falling Head

1.00

2

0.50 in/hr
2.00 in/hr
2

On-site infiltration through use
of approved UIC facility

Pass

Pass or if Fail, disposal through
separate approved UIC

Pass or if Fail, disposal through
separate approved UIC

. 5150 sq ft
Impervious Area
. 0.118 acre
Time of Concentration (Tc) 5
Post-Development Curve Number {CNp,,) 98
SBUH Resulits
0.14
0124 -
011
€005 -
g
20.06
0.04
0.02 1 - -
o = =
T T L T
0 600 1,000 1,200 1,400 1,600
Time (min)
Ber O2w Os5y E10yw @25y
Peak Rate (cfs) Volume (cf)
PR -0.021 269.102
2yr 0.073 931.871

PAC Report: 315087 ?unset PS
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5yr 0.089 1145.316
10yr 0.105 1359.081
25yr 0.121 1573.047

PAC Report: 315087 Sunset PS
Pg. 15 of 25



Facility D

Facility Detaile

Facility Facts

Pollution Reduction Results

10 Year Results

Sloped Facility Worksheet

Facility Type
Facility Configuration
Facility Shape

Above Grade Storage Data
Growing Medium Depth

Surface Capacity at Depth 1

Design Infiltration Rate for Native Soil

Infiltration Capacity

Below Grade Storage Data
Rock Storage Depth

Rock Porosity

Storage Depth 3

Total Facility Area Including Freeboard
Sizing Ratio

Pollution Reduction Score
Overflow Volume

Surface Capacity Used

Rock Capacity Used

10 Year Score

Overflow Volume

Surface Capacity Used

Rock Capacity Used

Right Side  Left Side

Segment Bottom

# . Slope, hiv  Slope, hiv
Length (ft) Length (ft) vih (ft/ft) Width (ft) (fe/ft) (fe/ft)

1 9.40 4.50 0.0 0.0

2 1140 5.50 0.0 0.0

PAC Report: 315087 Sunset PS
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Downstream
Depth (in)

Planter (Sloped)

C: Infl. with

RS and

underdrain (Ud)

Sloped

18 in

65.9 cu ft
0.001 in/hr
0.005 cfs

12in

0.30 in
6.0in
115.40 sq ft
2.2%

Pass
164.852 cf
57%

100%

Fail
1233.661 cf
100%

100%

84
8.4

Landscape

Width (ft)
5.00
6.00

Rock
Storage
Width (ft)

4.50

5.00



Pollution Reduction Event Surface Facilty Mocleling Pollution Reduction Event Below Grade Modeling
0.025 100% 0.005 ! 100%
0.02 1 F80% 0004 4 -I ll _s0%
w i = L —
Boots 50% G0003 \ 0%
g "
] - -40% 2
=, 081 20,002 - -40%
0.005 4 -20%
0.001 I -20%
0 T T T T T T 0% ‘
1] 500 1,000 1,500 2,000 2500 3,000 3,500 0 T T T T T T 0%
Time {min) 0 500 1,000 1,500 2,000 2500 3,000 3,500
Time [min)
Inflow from rain [ Infiltration capacity
B Total flow to below grade storage [ Flow bypassing growing medium Il inflow to rock storage O Infiltration capacity
M Pergent surface capacity B Overflow to approved discharge Bl Percent rock capacity
10 Year Event Swrface Faciity Modeling 10 Year Event Below Grade Modeling
012 120% 0.005 T 100%
014 -100% 0.004 - ' 1 -80%
50008 - l‘ FB0% - 'l
A7) L0003 4 - i -60%
‘;n.oe E e - 'i L ol 11 G- 'nl
8 [ 2 ‘ .
®0.04 4 : i\ — ~[40% 20002 \ -40%
0.02 S S : "20% 0001 1 —2o%
0 ' T S E— — 0% l‘
0 S00 1,000 1500 2000 2500 3,000 3,500 0 T T T T T T 0%
Time {min) a S00 1,000 1,500 2,000 2500 3,000 3,500
. Time (min)
Inflow from rain O Infiltration capacity
[E Total flow to below grade storage E Flow bypassing growing medium Inflow to rock storage
B Percent surface capacity

O Infitration capacity
& Qverflow to approved discharge B Percent rock capacity
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Catchment FL

Site Soils & Infiltration Testing
Data

Correction Factor

Design Infiltration Rates

Catchment Information

Infiltration Testing Procedure

Native Solil Infiltration Rate (l;.;)
CFicst

Native Soil (l3sgn)

Imported Growing Medium

Hierarchy Category
Hierarchy Description
Pollution Reduction Requirement

10-year Storm Requirement

Flow Control Requirement

Open Pit Falling Head

1.00

2

0.50 in/hr
2.00 in/hr
2

On-site infiltration through use
of approved UIC facility

Pass

Pass or if Fail, disposal through
separate approved UIC

Pass or if Fail, disposal through
separate approved UIC

. 5750 sq ft
Impervious Area
P 0.132 acre
Time of Concentration (Tc) 5
Post-Development Curve Number (CN ) 98
SBUH Results
014
0124
0.1
g 0.08
]
S0.061
0.04 1
0.02 4
"3\‘
04 T T T T .
0 800 1,000 1,200 1,400 1,600
Time (min)
HEpr HO2y O5yw W10y @25y
Peak Rate (cfs) Volume (cf)
PR 0.024 300.454
2yr 0.081 1040.439

PAC Report: 31.2081:7 Sunset PS

Pg. 18 of 25



5yr 0.099 1278.751
10yr 0.117 1517.42
25 yr 0.135 1756.315

PAC Report: 315087 Sunset PS
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Facility E

Facility Details

Facility Facts

Pollution Reduction Results

10 Year Results

Facility Type
Facility Configuration
Facility Shape

Above Grade Storage Data
Growing Medium Depth

Surface Capacity at Depth 1

Design Infiltration Rate for Native Soil

Infiltration Capacity

Below Grade Storage Data
Rock Storage Depth

Rock Porosity

Storage Depth 3

Total Facility Area Including Freeboard
Sizing Ratio

Pollution Reduction Score
Overflow Volume

Surface Capacity Used

Rock Capacity Used

10 Year Score

Overflow Volume

Surface Capacity Used
Rock Capacity Used
Sloped Facility Worksheet
Segment Check Slope, Bottom Right Side Left Side
# Length(f) DM uh (fuft) Width () S'oPe; h/v  Slope, hiv
9 Length (ft) (FU/ft) (f/ft)
1 6.00 0.50 0.0610 7.00 0.0 0.0
2 6.00 0.50 0.0610 7.00 0.0 0.0
3 8.00 0.50 0.0610 5.50 0.0 0.0

PAC Report: 315087 Sunset PS
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Planter (Sloped)

C: Infl. with RS and
underdrain (Ud)

Sloped

18 in

98.9 cu ft
0.001 in/hr
0.006 cfs

12in
0.30in

6.0 in
164.00 sq ft
2.9%

Pass
174.288 cf
39%

100%

Fail
1361.375 cf
100%

100%

Downstream
Depth (in)

12.0
12.0
12.0

Landscape
Width (ft)

9.00
9.00
7.00

Rock
Storage
Width (ft)

6.50

6.50
5.50



Pollution Reduction Event Surface Facility Modeling Poliution Reduction Event Below Grade Modeling
0.025 50% 0.008 120%
0.02 -40%  0.005 4 \ - 100%
Bo.015+ F30% 700 ] j r80%
=4 (3} ]
z = 0.003 - ‘ T - - 160%
2 po1- -20% § l I%
. 0.002 1 ( -40%
00051~ — 10% l !
0.001 1 TS free—— -20%
0 ; . : ; ; ; 0% | l‘
1] 500 1,000 1,500 2,000 2500 3,000 3,500 0 Ly T T T T T 0%
Time (min) 0 S00 1,000 1,500 2000 2500 3,000 3,500
Time (min)
Inflow from rain & Infitration capacity
E Tetal flow to below grade storage [E Flow bypassing growing medium Inflow to rock storage O Infitration capacity
B Percent surface capacity E Overflow to approved discharge B Percent rock capacity
10 Year Event Surface Faciity Modeling 10 Year Event Below Grade Modeling
012 120% 0.008 120%
041 1 < 100% 0005 r -100%
20081 [80% _pooed | , e0%
80 06 - : . —-60% % | i
g ) \ ;0.003-"" gt TS l;l - — =1 60%
[ =]
.04 1 T40%
0 \ I"'El.l.'ll.'l2- B | R i g’ — -3 —40%
0.02 | -20% |
|\ 0.001 — -t -20%
0+ — T —— T T 0% |
1] 00 4,000 1500 2000 2500 3000 3500 0 T T T T T T 0%
Time {min) ' 0 500 1,000 1500 2000 2500 3000 3,500
: Time (min)
H Inflow from rain B Infikration capacity
& Total flow to below grade storage @ Flow bypassing growing medium E Inflow to rock stormge B Infiltration capacity

I Percent surface capacity

"B Overflow to approved discharge 8 Percent rock capacity
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Catchment [F

Site Soils & Infiltration Testing

Infiltration Testing Procedure
Data c

Native Soil Infiltration Rate (I,.«)

Correction Factor CFiest

Design Infiltration Rates Native Soil (lysgn)

Imported Growing Medium

Catchment Information Hierarchy Category
Hierarchy Description

Pollution Reduction Requirement

10-year Storm Requirement

Flow Control Requirement

Open Pit Falling Head

1.00

2

0.50 in/hr
2.00 infhr
2

On-site infiltration through use
of approved UIC facility

Pass

Pass or if Fail, disposal through
separate approved UIC

Pass or if Falil, disposal through
separate approved UIC

. 4650 sq ft
Impervious Area
: 0.107 acre
Time of Concentration (Tc) 5
Post-Development Curve Number (CN o) 98
SBUH Results
011
0149 = =
D.Dg - R — - - . e - - e e
0.08 4
~0.07 1 :
(2]
Euus . s — 1 - =
§035 - . -
004 1
0.03 1
0.02 1
0.01 ] \
U ) T T T T
0 600 800 1,000 1,200 1,400 1,600
Time (min)
Hpr O2y O5yr E10yr W25y
Peak Rate (cfs) Volume (cf)
PR 0.019 242.976
2yr 0.066 841.398
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5yr 0.08 1034.121
10yr 0.095 1227.131
25yr . 0.109 1420.324

PAC Report: 315087 Sunset PS
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Facility F

Facility Details

Facility Facts

Pollution Reduction Results

10 Year Results

Facility Type
Facility Configuration
Facility Shape

Above Grade Storage Data
Growing Medium Depth

Surface Capacity at Depth 1

Design Infiitration Rate for Native Soil

Infiltration Capacity

Below Grade Storage Data
Rock Storage Depth

Rock Porosity

Storage Depth 3

Total Facility Area Including Freeboard
Sizing Ratio

Pollution Reduction Score
Overflow Volume

Surface Capacity Used

Rock Capacity Used

10 Year Score

Overflow Volume

Surface Capacity Used

Rock Capacity Used
Sloped Facility Worksheet
Segment Check Slope, Bottom Right Side Left Side
# Length (ft) Dam vih (fUft) Width (ft) Slope, hiv  Slope, hiv
9 Length (ft) (FIf) (Ft/ft)
1 8.20 0.50 0.0580 6.50 0.0 0.0
2 8.00 0.50 0.0580 6.50 0.0 0.0

PAC Report: 315087 Sunset PS
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Downstream
Depth (in)

Planter (Sloped)

C: Infl. with RS and
underdrain (Ud)

Sloped

18 in

83.7 cuft
0.001 in/hr
0.005 cfs

12 in
0.30in

6.0 in
113.40 sq ft
2.4%

Pass
142.997 cf
36%

100%

Fail
1102.865 cf
100%

100%

Landscape
Width (ft)

10.8 7.00
14.4 7.00

Rock
Storage
Width (ft)

6.00
6.00



Pollution Recluction Event Surface Facilty Modeling

Poliution Reduction Event Below Grade Modeling
0.02 40% 0.005 | 100%
1
0.015 - | 309, 0.004 1 lI  a0%
) . !
D $0.003 -
‘g’ 0.01 4 -20% S ' \ 80%
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o |
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S00 1,000 1500 2000 2500 3,000 3,500
Time (min)
B Infitration capacity
= Total fiow to below grade storage [E Flow bypassing growing medium Inflow to rock storage O Infitration capacity
I Percent surface capacity Overflom to approved discharge B Percent rock capacity

10 Year Event Surface Facility Modefing

10 Year Event Below Grade Modeling
100% 0.005 T 100%
kl -90%
r80%  poo44 ¢ g -80%
i -70% | '.
— (60% @5 003 - ‘] 0%
! -50% S |
! F40% 2 i
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B Inflow from rain

L] 1 L] ¥ T T 3%
500 1,000 1,500 2,000 2500 3,000 3,500
Time (min)
O Infiltration capacity
B Total fiow to below grade stoage E Flow bypassing growing medium B Inflow to rock storage D Infiltration capacity
I3 Percent surface capacity E Overflow to approved discharge B Percent rock capacity
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