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Certificate of the Engineer

Camas Heights Subdivision

Camas, Washington

Preliminary Technical Information Report

This Preliminary Technical Information Report and the data contained herein were prepared by the
undersigned, whose seal, as a Professional Engineer licensed to practice as such, is affixed below. All
information required by Camas Municipal Code (CMC) Chapter 14.02 is included in the proposed
stormwater plan and the proposed facilities are feasible.
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Preliminary Stormwater Technical Information Report (TIR)
Camas HEIGHTS SUBDIVISION
Camas, WASHINGTON

Section A- Project Overview

This report analyzes the effects the proposed development will have on the existing stormwater
conveyance system; documents the criteria, methodology, and informational sources used to design the
proposed stormwater system; and presents the results from the preliminary hydraulic analysis.

Section A.1-  Site Location

The Camas Heights Subdivision project site is located on one parcel of land, totaling approximately 37.27
acres. The Camas Heights Subdivision site address identified for this project is 22630 NE 28" Street,
Camas, WA 98607. The project is located within the Northeast % of Section 21, Township 2 North, Range
3 East, Willamette Meridian, Clark County (Parcel Serial Number: 173157-000). The parcel is zoned
Single-Family Residential (R10). The site is accessed from NE 28™ Street along the southern portion of
the project site and will be connected to NE 87th Street on the western boundary.

Section A.2 — Site Topography and Critical Areas

The existing site has one existing residence, three sheds, and one barn on agricultural land. The site is a
mixture of forested and previously forested land, with slopes ranging from under 5 percent grade to
maximum slopes of 40 percent in the northern portion of the site. The site slopes to the southwest
towards NE 28" Street.

There is one delineated wetland (Wetland A) located on-site and adjacent to the site along the
southwestern boundary. The wetland is to be protected by wetland and aquatic system buffers. Any
discharge to the wetland shall maintain the hydrologic conditions, hydrophytic vegetation, and substrate
characteristics necessary to support existing and designated uses.

Section A.3 — Existing On-Site Stormwater System

Currently stormwater infiltrates or sheet flows to the southwest and is collected either in the wetland in
Tract A or in an existing ditch which directs stormwater surface flows west along the northern side of NE
28th Street. No other stormwater systems exist on the subject site.

Section A.4 — Site Parameters That Influence Stormwater Design
The Camas Heights project site consists of varied steep slopes across the entire site. These slopes
contribute to challenges associated with site stormwater collection and conveyance design.

Section A.5— Adjacent Property Drainage

Properties from the north and east of the site contribute to the drainage area to Wetland A. This off-site
area will flow through the project site conveyance system and will be contained within the critical area.
All critical areas will be protected by a critical areas buffer. The Camas Heights project will share the
outfall discharge location into the wetland in Tract A through the on-site wetpond facility in Tract B.

Section A.6 — Adjacent Site Areas

The proposed site is bounded by the Green Mountain Estates Subdivision and a private parcel to the
east, the Glades Subdivision to the north, the Country View Estates Il Subdivision to the west, and NE
28th Street to the south.

AK Camas Heights Subdivision — Camas, Washington October 2021
J Preliminary Stormwater Technical Information Report Page 1
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Basin 1 consists of the on-site area, along with the eastern portion of NE 28th Street for post-developed
flows.

Basin 2 contains the off-site area from the Country View Estates Il Subdivision.

Basin 3 consists of NE 28th Street. The western portion of NE 28th Street makes up Basin 3 for
post-developed flows.

Section A.7— General Project Stormwater Description

Proposed site improvements include sidewalks, public streets, open spaces, and 121 single-family
residences. The majority of site stormwater will be collected via catch basins or dispersed and routed to
conveyance piping and discharged to an on-site wetpond located within Tract B. Discharge from the Tract
B wetpond will be released to the wetland in Tract A after being detained at or below pre-developed
release rates. All pollution-generating surfaces on-site will be treated by the wetpond in Tract B. See the
development plans, Appendix C, and the Stormwater Basin Plan, Appendix D, for stormwater
information.

Section B- Minimum Requirements

Section B.1 - Determination of Applicable Minimum Requirements

Proposed land disturbances shall include grading and excavation of unsuitable soils for the construction
of sidewalks, utilities, streets, and 121 residential lots. Due to the amount of proposed hard surfaces
(greater than 5,000 square feet), the project is required to meet Minimum Requirements 1 through 9 per
Figures 1.1 & 1.2 of the City of Camas Stormwater Design Manual (CSDSM) (see Appendix B).

The tables in this section provide information pertaining to the stormwater basin within the project area.
Basin 1S consists of the on-site area, while Basin 2S and Basin 3S are off-site areas..

Table B-1: Proposed Hard Surface and Landscaping

Existing Hard New Hard Replaced Hard Nag:elziggt;t/lon Total Land
Basin Surfaces Surfaces Surfaces > . Disturbed
(acres) (acres) (acres) LA ST (acres)
(acres)
1S 0.347 18.639 0.347 18.627 37.613
2S 2.773 0.000 0.000 0.000 0.000
3S 0.099 0.154 0.099 0.000 0.253

Note: Areas listed are in acres. Assumes 700-square-foot driveway and 3,300-square-foot roof area per
lot.

Tables B-2 and B-3 show the mitigated site basins, differentiated between pollution- and
non-pollution-generating surfaces. It is important to note that any non-pollution-generating areas
directly mixing or having the opportunity to mix with stormwater runoff from pollution-generating
surface areas are classified as pollution-generating. Therefore, any stormwater collected from a private
lot that is not collected from a lateral is considered pollution-generating.

AK Camas Heights Subdivision — Camas, Washington October 2021
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Table B-2: Pollution-Generating Surfaces

Basin Hard Surfaces Pervious Surfaces | Total Surface Area
(acres) (acres) (acres)
1S 9.341 0.000 9.341
2S 1.797 0.000 1.797
3S 0.304 0.000 0.304

Note: Areas listed are in acres. Assume 700-square-foot driveway and

3,300-square-foot roof area per lot.

Table B-3: Non-Pollution-Generating Surfaces

Basin Hard Surfaces Pervious Surfaces | Total Surface Area
(acres) (acres) (acres)
1S 9.473 18.580 28.053
2S 0.976 7.901 8.877
3S 0.000 0.047 0.000

Note: Areas listed are in acres. Assume 700-square-foot driveway and 3,300-square-foot roof area per

lot.

Each Basin’s effective hard surfaces and their applicability for meeting Minimum Requirements 6 through
8 are summarized in Table B-4 below.

Table B-4: Effective Hard Surfaces

Basin Hard Surface Area MR #6 Required MR #7 Required MR #8 Required
(acres) (Y/N) (Y/N) (Y/N)
1S 9.341 Y Y Y
2S 1.797 N N N
3S 0.304 Y Y* N

Note: Areas listed are in acres. Assume 700-square-foot driveway and 3,300-square-foot roof area per

lot.

*New impervious surfaces will be treated utilizing the wetpond facility. Existing impervious surfaces will

not be treated.

October 2021

AK Camas Heights Subdivision — Camas, Washington
J Preliminary Stormwater Technical Information Report Page 3
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Section C - Soils Evaluation

Section C.1— Soil Suitability for Low Impact Development BMPs

The Camas Heights project is not suitable for stormwater infiltration for flow control, runoff treatment,
or LID measures due to the majority of the site consisting of steep slopes. The project geotechnical
report, dated March 2021 and within Appendix G, recommends against the use of infiltration systems for
stormwater disposal.

Section C.2— Water Table Information

Per the project geotechnical report, shallow perched groundwater was observed in test pits during site
exploration. Some perched groundwater may be present on-site during the wetter months and periods
of heavy rain. Observed groundwater seepage is expected to be reduced during dryer months. Typical
dewatering methods may be required on this site. A wetpond facility liner is not recommended due to
perched groundwater and generally clayey soils preventing infiltration of stormwater.

Section C.3 — Soil Parameters
Soil parameters were not used for the design of the site's stormwater system. All site runoff will be
collected, detained, and treated in the wetpond facility in Tract B.

Section C.4 — Infiltration Rate Testing
Infiltration rate testing was not performed as the site is not suitable for infiltration to control stormwater.
Infiltration is not recommended due to the presence of a fine-grained soil matrix and steep slopes.

Section C.5—- Complex Soil Conditions

A preliminary geotechnical report has been prepared and is attached to this report, see Appendix G.
Existing soil conditions are summarized, and recommendations are presented in relation to site
stormwater design considerations. No complex soil conditions are present on-site with the exception of
steep slopes.

Section D - Source Control

Volume IV of the Stormwater Management Manual for Western Washington (SWMMWW) contains the
following applicable source control best management practices (BMPs) for residential development. The
source control BMPs and applicable notes to control stormwater runoff impacted by these activities will
be included in the Erosion Control Plans and Details and in the Stormwater Pollution Prevention Plan
(SWPPP).

. S407: Dust Control at Disturbed Land Areas and Unpaved Roadways and Parking Lots

. S411: BMPs for Landscaping and Lawn/Vegetation Management

Section E - On-Site Stormwater Management BMPs

Figure 1-3.3 of the SWMMWW was used to determine that LIDs are infeasible as infiltration on-site is not
recommended because of the presence of a fine-grained soil matrix (see the geotechnical report in
Appendix G). Therefore, site runoff from pollution-generating impervious surfaces will be collected and
treated by the on-site wetpond. All disturbed areas will meet post-construction soil quality and depth
requirements per BMP T5.13.

AK Camas Heights Subdivision — Camas, Washington October 2021
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Section F - Runoff Treatment Analysis and Design

Surface water from pollution-generating surfaces will be treated within the wetpond. Any basin that
mixes non-pollution-generating runoff with pollution-generating runoff, the combined runoff is
considered to be pollution-generating. A majority of lots will be served by a stormwater lateral to
maintain separation from pollution-generating surfaces, see Development Plans in Appendix C for which
lots are required to have a service lateral installed. Service laterals will collect lot roof area and lot
landscaped area that will not mix with any other stormwater.

Section G- Flow Control Analysis and Design
The Camas Heights site consists of one on-site basin (Basin 1) and two off-site basins (Basin 2 and Basin
3).

The site will be required to meet flow control standards due to Basin 1 and Basin 2 discharging to a
Category IV wetland at the southwestern corner of the site. The project proposes to use a wetpond
facility, with a flow control manhole, to meet the site flow control requirements. A berm or free-standing
retaining wall will be used to meet length-to-width wetpond requirements. All roof, driveway and
incidental landscape runoff within the site is proposed to flow through the site wetpond within Tract B.

Section H- Wetland Protection

The site contains a category IV wetland associated with the natural drainage on site. The wetland is to be
protected by wetland and aquatic system buffers. Water quality of the wetland should not be degraded
as treated discharge from the proposed site wetpond facility in Tract B will discharge from a flow control
structure to match pre-developed flow rates. No impacts to the wetland are proposed with this
development. Hydrophytic vegetation will be maintained or enhanced within the wetland, see the
project wetland mitigation plan for more information on site enhancements.

A wetland hydroperiod analysis was not required for this project based on Figure 1-3.5 of the
SWMMWW. General protection and protection from pollutants are met with wetland and aquatic system
buffers and treatment of stormwater in the wetpond facility. See Appendix B for Figure 1-3.5.

AK Camas Heights Subdivision — Camas, Washington October 2021
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Chapter 1: General Requirements

Continued

Figure 1.1: Flow Chart for Determining Stormwater Requirements
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stormwater directly or
indirectly into a Municipal

of Camas?

Will the project site discharge

Separate Storm Sewer System
owned or operated by the City

No

Qe D

Will the project site disturb
one (1) acre or more?

OR

Is the project site less than one
(1) acre and part of a larger
common plan of development
or sale?

No

Refer to Figure 1.2 and

Figure 1.3.

\ 4

Project Meets the Small Parcel
Requirements.

Apply Small Parcel Erosion and
Sediment Control Requirements
per Section 3.03.

Next Question

VL

Will the project
create more than

5,000 square feet of | Y¢S

impervious surface?

No
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No Further
Requirements.

Apply the Minimum
Requirements as outlined
in Figures 1.2 and 1.3.
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runoff treatment
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Chapter 1: General Requirements

Figure 1.2: New Development Minimum Requirements Flow Chart

Continued

Does the site have 35% or
more of existing
impervious coverage?

Yes

=

y

Does the project add

5,000 square feet or No
more of new
impervious surfaces?

Yes Yes
All Minimum

Requirements (#1 -
#9) apply to the new
impervious surfaces
AND converted
pervious surfaces.

Does the project convert
¥, acres or more of
native vegetation to lawn
or landscaped areas, or
convert 2.5 acres or
more of native
vegetation to pasture?

A 4

See Redevelopment
Minimum Requirements
Flow Chart (Figure 1-3).

Does the project have
2,000 square feet or more
of new, replaced, or new

Minimum Requirements
#1 through #5 apply to
the new AND replaced
impervious surfaces
AND the land
disturbed.

Yes

Yes

plus replaced
impervious surfaces?

A 4

Does the project have
land-disturbing
activities of 7,000
square feet or more?

A 4

See Minimum
Requirement #2,
Construction
Stormwater Pollution
Prevention.

City of Camas — Stormwater Design Standards Manual
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Chapter 1: General Requirements
Continued

Figure 1.3: Redevelopment Minimum Requirements Flow Chart
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A 4
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Does the project add 5,000 square feet of more of new impervious surfaces?
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OR
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\ 4

ini i Next ti
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. project?
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(" Neo

Does the project add 5,000 square feet or more of new impervious surfaces?
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Y No Is the total of the new PLUS

. . replaced impervious surfaces
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WIMPervious su ° 5,000 square feet or more, AND

to the existing impervious surfaces within the

R does the value of the proposed
project limits? . . L

improvements - including interior
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Minimum Requirement #1 through #9 applies to Yes —_—
the new AND replaced impervious surfaces. No additional requirements.
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Figure 1-3.1: Flow Chart for Determining Requirements for New

Development
Start Here
. See Redevelopment Project
Does the Slte.ha.ve 35% ves Threshelds and the Figure "Flow
or more of existing hard P Chart for Determining
surface coverage? Requirements for Redevelopment".

‘ Does the Project convert %

acres or more of vegetation to

Does the Project result in lawn or landscaped areas, or

5,000 square feet, or NO convert 2.5 acres or more of

greater, of new plus ——® native vegetation to pasture?

replaced hard surface
area?

Does the Project result in 2,000
square feet, or greater, of new plus
All Minimum Requirements replaced hard surface area?
apply to the new and replaced

hard surfaces and converted
vegetation areas. Yes No

Does the Project have land
Minimum Requirements #1 disturbing activities of 7,000
through #5 apply to the new Yes square feet or greater?
and replaced hard surfaces
and the land disturbed.

Minimum Requirement #2
applies.

% Flow Chart for Determining Requirements for
- — New Development

DEPARTMENT OF Revised March 2019

E C O L O G Y Please see htip://www._ecy.wa.gov/copyright. htrml for copyright notice including permissions,
State of Washington limitation of liability, and disclaimer.

2019 Stormwater Management Manual for Western Washington

Volume I - Chapter 3 - Page 89
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Figure 1-3.5: Flow Chart for Determining Wetland Protection Level

Requirements
Category Start Here
l or “ What category of wetland does the TDA

discharge (directly or indirectly) to?

Does the TDA ftrigger the requirement for Flow Does the TDA trigger the requirement for Flow
Control BMPs per the TDA Thresholds outlined Control BMPs per the TDA Thresholds outlined
in Minimum Requirement #7: Flow Control? in Minimum Requirement #7: Flow Control?

Yes No No

Is the habitat score
greater than 5?

Is the wetland
depressional or riverine Yes

impounding?
AND Does the wetland provide habitat for rare,
Does the project NO Bndangered, threatened, or sensitive species?
proponent have legal - OR

access to the wetland?

Does the wetland contain a breeding
population of any native amphibian?

Yes No The following Wetland Protection v
Levels apply to the TDA: es

e General Protection
e Protection from Pollutants

h 4 l h 4 A 4

The following Wetland Protection The following Wetland Protection
Levels apply to the TDA: Levels apply to the TDA:

e General Protection e General Protection

e Protection from Pollutants e Protection from Pollutants

e Wetland Hydroperiod Protection e Wetland Hydroperiod Protection
(Method 1) (Method 2)

Flow Chart for Determining
i the Wetland Protection Levels Required

DEPARTMENT OF

ECOLOGY Revised May 2019

State of Washington

2019 Stormwater Management Manual for Western Washington

Volume I - Chapter 3 - Page 135
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Chapter 2 — Onsite Stormwater Management BMPs

BMP T5.13: Post-Construction Soil Quality and Depth

Purpose and Description

Naturally occurring (undisturbed) soil and vegetation provide important stormwater functions
including: water infiltration; nutrient, sediment, and pollutant adsorption; sediment and pollutant
biofiltration; water interflow storage and transmission; and pollutant decomposition. These
functions are largely lost when development strips away native soil and vegetation and replaces it
with minimal topsoil and sod. Not only are these important stormwater functions lost, but such
landscapes themselves become pollution generating pervious surfaces due to increased use of
pesticides, fertilizers and other landscaping and household/industtial chemicals, the concentration of
pet wastes, and pollutants that accompany roadside litter. Establishing soil quality and depth regains
greater stormwater functions in the post development landscape, provides increased treatment of
pollutants and sediments that result from development and habitation, and minimizes the need for
some landscaping chemicals, thus reducing pollution through prevention.

Cross Reference Guide

Soils Assessment NA

Meets Minimum Requirements #5

Related BMPs None

Selection Criteria Book 1, Sections 2.2 and 2.5.2
Maintenance Book 4

Applications, Limitations and Setbacks

Establishing a minimum soil quality and depth is not the same as preservation of naturally occurring
soil and vegetation. However, establishing a minimum soil quality and depth will provide improved
onsite management of stormwater flow and water quality. Soil organic matter can be attained
through addition of numerous materials such as compost, composted woody material, biosolids, and
forest product residuals. It is important that the materials used to meet the soil quality and depth
BMP be appropriate and beneficial to the plant cover to be established. Likewise, it is important that
imported topsoils improve soil conditions and do not have an excessive percent of clay fines. This
BMP can be considered infeasible on slopes greater than 33 percent.

Soil and vegetation provide significant benefits, including:
¢ Water infiltration.

* Absorption of nutrients, sediments and pollutants.

Clark County Stormwater Manual 2015 41
Book 2 — BMP Design
ERRATA September 2016
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* Biofiltration of sediment and pollutants.
¢ Water interflow storage and transmission.
¢ Pollutant decomposition.

These functions are largely lost when development strips away native soil and vegetation and
replaces it with minimal topsoil and sod. Establishing in-situ soil quality and depth regains greater
stormwater functions in the post development landscape and also minimizes the need for some

landscaping chemicals, further limiting pollution.

This BMP is mandatory for all projects required to follow Minimum Requirements #1 — #5 or
Minimum Requirements #1 — #9.

MULCH

LOOSE SOIL

with visible dark
organic matter

LOOSE OR
FRACTURED
SUBSOIL

Figure 2.11: Typical Planting Bed Cross-section
(Source: Washington Organic Recycling Council graphic in SMMWW)

Design Criteria

* Retain, in an undisturbed state, the duff layer and native topsoil to the maximum extent
practicable. In any areas requiring grading remove and stockpile the duff layer and topsoil on site
in a designated, controlled area, not adjacent to public resources and critical areas, to be
reapplied to other portions of the site where feasible.

e Areas subject to clearing and grading that have not been covered by hard surfaces, used for a
drainage facility, or where the soils have been engineered as structural fill or slope, shall
demonstrate the following after completion of the project:

42 Clark County Stormwater Manual 2015
Book 2 — BMP Design
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Chapter 2 — Onsite Stormwater Management BMPs

o A topsoil layer with:
* A minimum organic matter content of 10% dry weight in planting beds.
* 5% organic matter content in turf areas.
* A pH from 6.0 to 8.0 or matching the pH of the undisturbed soil.

* A minimum topsoil layer depth of 8 inches except where tree roots do not allow
this.

o Subsoils below the topsoil layer should be scarified at least 4 inches with some
incorporation of the upper material to avoid stratified layers, where feasible.

o Mulch planting beds with 2 inches of organic material.

o Compost and other materials shall meet the following requirements for organic
content:

* The organic content for pre-approved (by Ecology) amendment rates can be met
only using compost meeting the compost specification for Bioretention (B
+730 BMP T5.14B), with the exception that the compost may have up to 35%
biosolids or manure. The compost must also have an organic matter content of
40% to 65%,and a carbon to nitrogen ratio below 25:1. The carbon to nitrogen
ratio may be as high as 35:1 for plantings composed entirely of plants native to
the Portland/Vancouver region.

= Calculated amendment rates may be met through use of composted material
meeting (a.) above; or other organic materials amended to meet the carbon to
nitrogen ratio requirements, and not exceeding the contaminant limits identified
in Table 220-B, Testing Parameters, in WAC 173-350-220.

o The resulting soil should be conducive to the type of vegetation to be established.
¢ Only one of these methods can be used to meet the above criteria for a specific area on the site:

o Native vegetation and soil should remain undisturbed and protected from compaction
during construction.

o Amend existing topsoil or subsoil either at default “pre-approved” rates, or at custom
calculated rates based on solil tests of the soil and amendments.

o Stockpile existing topsoil during grading and replace it over disturbed areas prior to
planting. Stockpiled topsoil must also be amended if needed to meet the organic
matter or depth requirements, either at a default “pre-approved” rate or at a custom
calculated rate.

o Import topsoil mix of sufficient organic content and depth to meet the requirements.

o More than one method may be used on different portions of the same site. Soil that
already meets the depth and organic matter quality standards need not be amended.

Clark County Stormwater Manual 2015 43
Book 2 — BMP Design

ERRATA September 2016
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o Scarification of subsoils can be accomplished using mechanical methods such as a

rototiller.

Runoff Modeling Representation

Areas meeting the design guidelines may be entered into approved runoff models as “Pasture”
rather than “Lawn.”

Flow reduction credits can be taken in runoff modeling when BMP T5.13 is used as part of a
dispersion design under the conditions described in:

BMP T5.10C Downspout Dispersion

BMP T5.11 Concentrated Flow Dispersion

BMP T5.12 Sheet Flow Dispersion

BMP T5.18 Reverse Slope Sidewalks

BMP T5.30A Full Dispersion (for public road projects)

44
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V-2 Site Design BMPs
V-2.1 Introduction to Site Design BMPs

Site Design BMPs are general practices for site design to minimize the impacts of development on
stormwater runoff. They are provided here as an encouragement to project designers. The extent to
which these BMPs must be followed depends upon the site development codes, rules, and stand-
ards adopted by the local government.

BMP T5.40: Preserving Native Vegetation

Purpose and Definition

Preserving native vegetation on-site to the maximum extent practicable will minimize the impacts of
development on stormwater runoff. Preferably 65 percent or more of the development site should be
protected for the purposes of retaining or enhancing existing forest cover and preserving wetlands
and stream corridors. Maintain tree canopy on the project site to the greatest extent feasible and in
accordance with the requirements of the local jurisdiction.

Applications and Limitations

New development often takes place on tracts of forested land. In fact, building sites are often selec-
ted because of the presence of mature trees. However, unless sufficient care is taken and planning
done, in the interval between buying the property and completing construction much of this resource
is likely to be destroyed. The property owner is ultimately responsible for protecting as many trees as
possible, with their understory and groundcover. This responsibility is usually exercised by agents,
the planners, designers and contractors. It takes 20 to 30 years for newly planted trees to provide the
benefits for which trees are so highly valued.

Forest and native growth areas allow rainwater to naturally percolate into the soil, recharging ground
water for summer stream flows and reducing surface water runoff that creates erosion and flooding.
Conifers can hold up to about 50 percent of all rain that falls during a storm. Twenty to 30 percent of
this rain may never reach the ground but evaporates or is taken up by the tree. Forested and native
growth areas also may be effective as stormwater buffers around smaller developments.

Preservation of 65 percent or more of the site in native vegetation will allow the use of full dispersion
techniques presented in BMP T5.30: Full Dispersion. Sites that can fully disperse per BMP T5.30:
Full Dispersion have met the requirements of I-3.4.5 MR5: On-Site Stormwater Management, |-
3.4.6 MR6: Runoff Treatment, and I-3.4.7 MR7: Flow Control.

Design Guidelines

« The preserved area should be situated to minimize the clearing of existing forest cover, to max-
imize the preservation of wetlands, and to buffer stream corridors.

« The preserved area should be placed in a separate tract or protected through recorded

2019 Stormwater Management Manual for Western Washington
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easements for individual lots.

« Iffeasible, the preserved area should be located downslope from the building sites, since flow
control and runoff treatment are enhanced by flow dispersion through duff, undisturbed soils,
and native vegetation.

« The preserved area should be shown on all property maps and should be clearly marked dur-
ing clearing and construction on the site.

Maintenance

Vegetation and trees should not be removed from the natural growth retention area, except for
approved timber harvest activities and the removal of dangerous and diseased trees.

BMP T5.41: Better Site Design

Purpose and Definition

Fundamental hydrological and stormwater management concepts can be applied at the site design
phase that are:

« more integrated with natural topography,
« reinforcing the hydrologic cycle,
« more aesthetically pleasing, and
« oftenless expensive to build.
A few site planning principles help to:
« locate development on the least sensitive areas of a site;
» accommodate residential land use; and

« mitigate the impact on stormwater quality.

Design Guidelines

« Define Development Envelope and Protected Areas - The first step in site planning is to
define the development envelope. This is done by identifying protected areas, setbacks, ease-
ments and other site features, and by consulting applicable local standards and requirements.
Site features to be protected may include important existing trees, steep slopes, erosive soils,
riparian areas, or wetlands.

By keeping the development envelope compact, environmental impacts can be minimized,
construction costs can be reduced, and many of the site’s most attractive landscape features
can be retained. In some cases, economics or other factors may not allow avoidance of alll
sensitive areas. In these cases, care can be taken to mitigate the impacts of development
through site work and other landscape treatments.

« Minimize Directly Connected Impervious Areas - Impervious areas directly connected to

2019 Stormwater Management Manual for Western Washington
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the drainage system are the greatest contributors to urban nonpoint source pollution. Any
impervious surface that drains into a catch basin or other conveyance structure is a “directly
connected impervious surface.” As stormwater runoff flows across parking lots, roadways,
and other paved areas, the oil, sediment, metals, and other pollutants are collected and con-
centrated. If this runoff is collected by a drainage structure and carried directly along imper-
vious gutters or in sealed underground pipes, it has no opportunity for filtering by plant
material or infiltration into the soil. It also increases in velocity and amount, causing increased
peak-flows in the winter and decreased base-flows in the summer.

A basic site design principle for stormwater management is to minimize these directly con-
nected impervious areas. This can be done by limiting overall impervious land coverage or by
infiltrating and/or dispersing runoff within these impervious areas.

Maximize Permeability - Within the development envelope, many opportunities are avail-
able to maximize the permeability of new construction. These include minimizing impervious
areas, paving with permeable materials, clustering buildings, and reducing the land coverage
of buildings by smaller footprints. All of these strategies make more land available for infilt-
ration and dispersion through natural vegetation.

Clustered driveways, small visitor parking bays and other strategies can also minimize the
impact of transportation-related surfaces while still providing adequate access.

Once site coverage is minimized through clustering and careful planning, pavement surfaces
can be selected for permeability. A patio of brick-on-sand, for example, is more permeable
than a large concrete slab. Engineered soil/landscape systems are permeable ground covers
suitable for a wide variety of uses. Permeable/porous pavements can be used in place of tra-
ditional concrete or asphalt pavements in many low traffic applications.

Maximizing permeability at every possible opportunity requires the integration of many small
strategies. These strategies will be reflected at all levels of a project, from site planning to
materials selection. In addition to the environmental and aesthetic benefits, a high-per-
meability site plan may allow the reduction or elimination of expensive underground con-
veyance systems, Flow Control BMPs, and/or Runoff Treatment BMPs, yielding significant
savings in development costs.

Build Narrower Streets - More than any other single element, street design has a powerful
impact on stormwater quantity and quality. In residential development, streets and other trans-
portation-related structures typically can comprise between 60 and 70 percent of the total
impervious area, and, unlike rooftops, streets are almost always directly connected to the
drainage system.

The combination of large, directly connected impervious areas, together with the pollutants
generated by automobiles, makes the street network a principal contributor to stormwater pol-
lution in residential areas.

Street design is usually mandated by local municipal standards. These standards have been
developed to facilitate efficient automobile traffic, maximize parking, and allow for emergency
vehicle access. Most require large impervious land coverage. In recent years, new street
standards have been gaining acceptance that meet the access requirements of local res-
idential streets while reducing impervious land coverage. These standards generally create a

2019 Stormwater Management Manual for Western Washington
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new class of street that is narrower than the current local street standard, called an “access”
street. An access street is intended only to provide access to a limited number of residences.

Because street design is the greatest factor in a residential development’s impact on storm-
water quality, it is important that designers, municipalities and developers employ street stand-
ards that reduce impervious land coverage.

Maximize Choices for Mobility - Given the costs of automobile use, both in land area con-
sumed and pollutants generated, maximizing choices for mobility is a basic principle for envir-
onmentally responsible site design. By designing residential developments to promote
alternatives to automobile use, a primary source of stormwater pollution can be mitigated.

Bicycle lanes and paths, secure bicycle parking at community centers and shops, direct, safe
pedestrian connections, and transit facilities are all site-planning elements that maximize
choices for mobility.

Use Drainage as a Design Element - Unlike conveyance drainage systems that hide water
beneath the surface and work independently of surface topography, a drainage system for
stormwater infiltration or dispersion can work with natural land forms and land uses to become
a major design element of a site plan.

By applying stormwater management techniques early in the site plan development, the drain-
age system can suggest pathway alignments, optimum locations for parks and play areas,

and potential building sites. In this way, the drainage system helps to generate urban form, giv-
ing the development an integral, more aesthetically pleasing relationship to the natural fea-
tures of the site. Not only does the integrated site plan complement the land, it can also save
on development costs by minimizing earthwork and expensive drainage features.

2019 Stormwater Management Manual for Western Washington
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V-12 Detention BMPs
V-12.1 Introduction to Detention BMPs

This section presents guidance for design and analysis of detention BMPs. These BMPs provide
Flow Control by providing temporary storage of the increased surface water runoff that results from
development. See 1-3.4.7 MR7: Flow Control for details on the performance requirements for Flow
Control.

The concept of detention is to collect runoff from a developed area and, using a control structure,
release it at a slower rate than it enters the collection system (see V-12.2 Control Structure Design).
The reduced release rate requires temporary storage of the excess runoff in a pond, tank, or vault,
with release occurring over a few hours or days. The volume of temporary storage needed is depend-
enton:

1. The size of the drainage area.

2. The extent of disturbance of the natural vegetation, topography, and soils and creation of
effective impervious surfaces (surfaces that drain to a stormwater collection system).

3. How rapidly the water is allowed to leave the detention pond; i.e., the target release rates.

If runoff from surfaces that require Flow Control is not separated from runoff from other existing sur-
faces (whether on-site or off-site), refer to the guidance in 111-2.4 Flow Bypass and Additional Area
Inflow for additional guidance when sizing the detention BMPs.

V-12.2 Control Structure Design

Control structures are catch basins or manholes with a restrictor device for controlling outflow from a
detention BMP to meet the desired performance standard. Riser type restrictor devices (“tees” or
“FROP Ts”) also provide some incidental oil and water separation to temporarily detain oil or other
floatable pollutants in runoff due to accidental spill or illegal dumping.

The restrictor device usually consists of two or more orifices and/or a weir section sized to meet per-
formance requirements.

Standard control structure details are shown in Figure V-12.1: Flow Restrictor (TEE), Figure V-12.2:
Flow Restrictor (Baffle), and Figure V-12.3: Flow Restrictor (Weir).

2019 Stormwater Management Manual for Western Washington
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Figure V-12.1: Flow Restrictor (TEE)

frame, grate, & solid

1" min.
cover marked "DRAIN"
remov:;llble 6" under pavement with locking bolts
watertight max elevation per plans see note 3
coupling or : —
flange 2" min. 16" max
i i vertical bar
* N\ \ grate for
6" min. 6" min. \=| design W.S.¢ secondary
| ) =1 inlet
lat ded fo elb elbow restrictor, —¢~\‘
F.Jﬂ? © .\;\.‘re ealoe .f.OV; see detail —| handholds, steps,
with orifice as specifie ] _ pipe supports ———| or ladder
Elbow Restrictor Detail ~ seenotes 15,0/ T
min. )i 2' ' min. - L
D | T outlet inlet
] B
\ || Ppipe ~ pipe
N see notes 1&5‘;,!_ dc [
invert and elevation 1o — shear gate with
per plans /‘-’ ¥ control rod for
. " cleanout/drain
1" section of pipe —/ / =,A.E 12 L
attached by gasketed _E 12"
band to allow removal | !
restrictor plate with / .
\ orifice diameter as SeCtIOI'] A_A

specified (not needed
if for spill control only)

Isometric

2' min. clearance to any portion
of frop-T including elbows

Notes:

1. Use a minimum of a 54" diameter type 2 catch basin.

2. Outlet Capacity: 100-yr developed peak flow.

3. Metal Parts: Corrosion resistant. Non-Galvanized parts
preferred. Galvanized pipe parts to have asphalt
treatment 1.

4. Frame and ladder or steps offset so:

A. Cleanout gate is visible from top.
B. Climb-down space is clear of riser and cleanout gate.
C. Frame is clear of curb.

5 I metal_outlet pipe connects to cement concrete pipe: necesssary
outlet pipe to have smooth O.D. equal to concrete pipe te 7
1.D. less J". see note additional ladder
6. Provide at least one 3" x 0.90 inches support bracket rungs (in sets) to
anchored to concrete wall. (maximum 3'-0" vertical olbow allow access to
spacing) restrictor tanks or vaults
7. Locate elbow restrictor(s) as necessary to provide see detalil when catch is
minimum clearance as shown. filled with water.
8. Locate additional ladder rungs in structures used as

access to tanks or vaults to allow access when catch
basin is filled with water.

Plan View

NOT TO SCALE

- e |
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State of Washington

Flow Restrictor (TEE)
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Figure V-12.2: Flow Restrictor (Baffle)

L frames, grates, and round solid covers attach shear gate control
1" min. under pavement marked "DRAIN" with locking bolts rod to support bracket on
inside of access opening
frame/grate elevation
" er plans — A
1' min. 16" max. H perp ﬁ ﬂﬁ
v 2 | — —|
= Design W.S. " mi
max WS, * g D% = 6" min.
overflow handholds
o N . ]
conditions  g|pow restrictors |~ - steps, or RN O
see detail below ladder [ ]
‘=| [ | +— shear gate with
ig ‘ L - control rod for drain
flow =
L 7 ‘:l L] | — orifice plate 10 gage
V 2' min. |=I ] minimum galvanized
— = O steel with orifice
B > min ] O diameter 1" minimum
’ |_| | (] less than diameter of
concrete hole
Section B-B

A
¢
’
o
A
A
7
g
- :
Plan View ’
removable
water-tight coupling \ /
plate welded to
elbow with orifice \ .
as specified Isometric
grouted -
6" min. Notes:
" 1.  Qutlet capacity: 100 year developed peak flow
. * 6" max. 2. Metal parts: corrosion resistant steel parts

galvanized and asphalt coated
1 1 3. Catch basin: type 2 minimum 72" diameter
EIbOW ReStrICtor Deta II 4. Orifices: sized and located as required with
NOT TO SCALE lowest orifice a minimum of 2' from base

- e
ﬁ Flow Restrictor (Baffle
o (Baffe)
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Figure V-12.3: Flow Restrictor (Weir)

frames, grates, and
round solid covers
marked "DRAIN"
with locking bolts &
= 3 1" min. under pavement [~ 3 \
frame/grate

/1 k elevation per plans

6" min. —a| W |-— Design W.S.

[
]
] |.E. weir, inlet
]

pipe, and drain
|I:
I:

= crown outlet

pipe
] :E
/:%V @ ] flow ‘
dEmm

~

i

—~
A
/L

‘ . " 2' min.
weir shape as — \\_/ —| shear gate with
needed for ||:‘ control rod for 2' min. 1
performance [ drain \

outlet pipe

Section B-B Section A-A

—B

AALE jv/ LEJA

handholds, steps, or
ladder (2 places)

Locate additional Vs *
ladder rungs (in \B‘
sets) to allow shear gate

access to tanks or Locate horizontal for

vaults when catch clearance with ladder.

is filled with water L Attach rod to support

. . bracket on inside of
ISOmetrIC Plan VIeW access opening
Notes:

1. Outlet Capacity: 100-year developed peak flow.
2. Metal Parts: corrosion resistant steel parts galvanized and asphalt coated.
3. Catch Basin: type 2 min. 72" diameter.
4. Baffle Wall: to be designed with concrete reinforcing as required.
5. Spill containment must be provided to temporarily detain oil or floatable

pollutants in runoff due to accidental spill or illegal dumping. NOT TO SCALE

- o |
- Flow Restrictor (\Weir)
S
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Design Criteria

Multiple Orifice Restrictor

In most cases, control structures need only two orifices: one at the bottom and one near the top of
the riser, although additional orifices may best utilize the detention storage volume. Several orifices
may be located at the same elevation if necessary to meet performance requirements.

1. The minimum orifice diameter is 0.5 inches.

In some instances, a 0.5 inch bottom orifice will be too large to meet target release rates, even
with minimal head. In these cases, the live storage depth need not be reduced to less than 3
feetin an attempt to meet the performance standards. Also, under such circumstances, flow-
throttling devices may be a feasible option. These devices will throttle flows while maintaining
a plug-resistant opening.

2. Orifices may be constructed on a tee section as shown in Figure V-12.1: Flow Restrictor
(TEE) or on a baffle as shown in Figure V-12.2: Flow Restrictor (Baffle).

3. Insome cases, performance requirements may require the top orifice/elbow to be located too
high on the riser to be physically constructed (e.g., a 13-inch diameter orifice positioned 0.5
feet from the top of the riser). In these cases, a notch weir in the riser pipe may be used to
meet performance requirements (see Figure V-12.5: Rectangular, Sharp Crested Weir).

4. Consider the backwater effect of water surface elevations in the downstream conveyance sys-
tem. High tailwater elevations may affect performance of the restrictor system and reduce live
storage volumes.

Riser and Weir Restrictor

1. Properly designed weirs may be used as flow restrictors (see Figure V-12.3: Flow Restrictor
(Weir), Figure V-12.5: Rectangular, Sharp Crested Weir, Figure V-12.6: V-Notch, Sharp-
Crested Weir, and Figure V-12.7: Sutro Weir). However, they must be designed to provide for
primary overflow of the developed 100-year peak flow discharging to the detention BMP.

2. The combined orifice and riser (or weir) overflow may be used to meet performance require-
ments; however, the design must still provide for primary overflow of the developed 100 year
peak flow assuming all orifices are plugged. Figure V-12.8: Riser Inflow Curves can be used
to calculate the head in feet above a riser of given diameter and flow.

Access

1. Provide an access road to the control structure for inspection and maintenance. Design and
construct the access road as specified in BMP D.1: Detention Ponds.

2. Manhole and catch basin lids for control structures must be locking, and rim elevations must
match proposed finish grade.

3. Manholes and catch basins must meet the OSHA confined space requirements, which include
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clearly marking entrances to confined space areas. This may be accomplished by hanging a
removable sign in the access riser, just under the access lid.

Information Plate

Itis recommended that a brass or stainless steel plate be permanently attached inside each control
structure with the following information engraved on the plate:

« Name and file number of the project

« Name and organization of (1) project proponent, (2) engineer, and (3) contractor
» Date constructed

« Name and date of manual used for design

« Outflow performance criteria

« Release mechanism size, type, and invert elevation

« List of stage, discharge, and volume at one foot increments

« Elevation of overflow

« Recommended frequency of maintenance.

Maintenance

Control structures have a history of maintenance-related problems and it is imperative to establish a
good maintenance program for them to function properly. Typically, sediment builds up inside the
structure, which blocks or restricts flow to the inlet. To prevent this problem, routinely clean out con-
trol structures at least twice per year. Conduct regular inspections of control structures to detect the
need for non-routine cleanout, especially if construction or land-disturbing activities occur in the con-
tributing drainage area.

Appendix V-A: BMP Maintenance Tables provides maintenance recommendations for control struc-
tures.

Methods of Analysis

This section presents the methods and equations for design of control structure restrictor devices.
Included are details for the design of orifices, rectangular sharp crested weirs, v notch weirs, sutro
weirs, and overflow risers.

Orifices

Flow through orifice plates in the standard tee section or turned down elbow may be approximated
by the general equation:

Q = CA\/2gh

where
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Q = flow (cfs)

C = coefficient of discharge (0.62 for plate orifice)
A = area of orifice (ft2)

h = hydraulic head (ft)

g = gravity (32.2 ft/sec2)

Figure V-12.4: Simple Orifice illustrates this simplified application of the orifice equation.

The diameter of the orifice is calculated from the flow. The orifice equation is often useful when
expressed as the orifice diameter in inches:

36.88Q

d= T

where

d = orifice diameter (inches)
Q = flow (cfs)

h = hydraulic head (ft)
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Figure V-12.4: Simple Orifice

orifice (t)

/— shear gate

hy

\ \
orifice (b)

Q=CA,2gh, +CA, \2gh,
=Cy28(A, 4/, +A 1)

h, = distance from hydraulic grade line at the 2 — year flow of the outflow pipe to the overflow elevation

NOT TO SCALE
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sl Simple Orifice
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Rectangular Sharp Crested Weir

The rectangular sharp crested weir design shown in Figure V-12.5: Rectangular, Sharp Crested
Weir may be analyzed using standard weir equations for the fully contracted condition.

Q=C(L-0.2H)H3/2

where

Q = flow (cfs)

C=3.27+0.40 H/P (ft)

H, P are as shown in Figure V-12.5: Rectangular, Sharp Crested Weir

L = length (ft) of the portion of the riser circumference as necessary not to exceed 50 percent of the
circumference

D =inside riser diameter (ft)

Note that this equation accounts for side contractions by subtracting 0.1H from L for each side of the
notch weir.
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Figure V-12.5: Rectangular, Sharp Crested Weir
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V-Notch Sharp - Crested Weir

V-notch weirs as shown in Figure V-12.6: V-Notch, Sharp-Crested Weir may be analyzed using
standard equations for the fully contracted condition.
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Figure V-12.6: V-Notch, Sharp-Crested Weir
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Proportional or Sutro Weir

Sutro weirs are designed so that the discharge is proportional to the total head. This design may be
useful in some cases to meet performance requirements.

The sutro weir consists of a rectangular section joined to a curved portion that provides pro-
portionality for all heads above the line A-B (see Figure V-12.7: Sutro Weir). The weir may be sym-
metrical or non-symmetrical.

For this type of weir, the curved portion is defined by the following equation (calculated in radians):

z _1_ 2 -1 Z
3—1 ﬂTan \/a

where a, b, xand Z are as shown in Figure V-12.7: Sutro Weir.

The head discharge relationship is:

Q = (Ca) (b) (v290) (k1 — 5)

Exhibit 5

Values of C 4 for both symmetrical and non symmetrical sutro weirs are summarized in Table V-12.1:

Values of Cd for Sutro Weirs.

Note: When b > 1.50 or a > 0.30, use C 4=0.6.

Table V-12.1: Values of cd for Sutro Weirs

Cq Values, Symmetrical Cq Values, Non-Symmetrical
b (ft) b (ft)
a 0.50 | 0.75 1.00 1.25 1.50 a 0.50 | 0.75 1.00 1.25 1.50

() (ft)

0.02 | 0.608 | 0.613 | 0.617 | 0.6185 | 0.619 0.02 | 0.614 | 0.619 | 0.623 | 0.6245 | 0.625

0.05| 0.606 | 0.611 | 0.615 | 0.617 | 0.6175 0.05 | 0.612 | 0.617 | 0.621 | 0.623 | 0.6235

0.10 | 0.603 | 0.608 | 0.612 | 0.6135 | 0.614 0.10 | 0.609 | 0.614 | 0.618 | 0.6195 | 0.620

0.15 | 0.601 | 0.6055 | 0.610 | 0.6115 | 0.612 0.15 ] 0.607 | 0.6115 | 0.616 | 0.6175 | 0.618

0.20 | 0.599 | 0.604 | 0.608 | 0.6095 | 0.610 0.20 | 0.605 | 0.610 | 0.614 | 0.6155 | 0.616

0.25 | 0.598 | 0.6025 | 0.6065 | 0.608 | 0.6085 0.25 | 0.604 | 0.6085 | 0.6125 | 0.614 | 0.6145

0.30 | 0.597 | 0.602 | 0.606 | 0.6075 | 0.608 0.30 | 0.603 | 0.608 | 0.612 | 0.6135 | 0.614
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Figure V-12.7: Sutro Weir
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Riser Overflow

The nomograph in Figure V-12.8: Riser Inflow Curves can be used to determine the head (in feet)
above ariser of given diameter and for a given flow (usually the 100 year peak flow for developed
conditions).
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Figure V-12.8: Riser Inflow Curves
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AKS

Appendix F: WWHM Analysis
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WWHM 2012

PROJECT REPORT




General Model Information
PRELIM POND SIZING 20211018

Project Name:

Site Name:

Site Address:

City:

Report Date: 10/27/2021
Gage: Lacamas
Data Start: 1948/10/01
Data End: 2008/09/30
Timestep: 15 Minute
Precip Scale: 1.300
Version Date: 2018/07/12
Version: 4.2.15
POC Thresholds

Low Flow Threshold for POC1:
High Flow Threshold for POC1:

PRELIM POND SIZING 20211018

50 Percent of the 2 Year
50 Year

10/27/2021 9:59:05 AM
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Landuse Basin Data

Predeveloped Land Use

Basin 1

Bypass: No
GroundWater: No
Pervious Land Use acre
SG4, Forest, Steep 37.27
Pervious Total 37.27
Impervious Land Use acre
Impervious Total 0
Basin Total 37.27
Element Flows To:

Surface Interflow

PRELIM POND SIZING 20211018

Groundwater

10/27/2021 9:59:05 AM
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Offsite Basin
Bypass:

GroundWater:

Pervious Land Use
SG4, Forest, Steep

Pervious Total
Impervious Land Use
ROADS MOD
ROOF TOPS FLAT
DRIVEWAYS MOD
Impervious Total
Basin Total

Element Flows To:
Surface

PRELIM POND SIZING 20211018

No
No

acre
7.9

7.9

acre
0.82
0.98
0.98
2.78

10.68

Interflow

Groundwater

10/27/2021 9:59:05 AM
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Basin 3

Bypass: No
GroundWater: No
Pervious Land Use acre
Pervious Total 0
Impervious Land Use acre
ROADS MOD 0.6
Impervious Total 0.6
Basin Total 0.6
Element Flows To:

Surface Interflow

PRELIM POND SIZING 20211018

Groundwater

10/27/2021 9:59:05 AM
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Mitigated Land Use

Basin 1

Bypass: No
GroundWater: No
Pervious Land Use acre
SG4, Field, Mod 18.63
Pervious Total 18.63
Impervious Land Use acre
ROADS MOD 6.34
ROOF TOPS FLAT 9.17
DRIVEWAYS MOD 1.99
SIDEWALKS MOD 1.49
Impervious Total 18.99
Basin Total 37.62
Element Flows To:

Surface Interflow

Trapezoidal Pond 1 Trapezoidal Pond 1

PRELIM POND SIZING 20211018

Groundwater

10/27/2021 9:59:05 AM
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Offsite Basin
Bypass:

GroundWater:

Pervious Land Use
SG4, Forest, Steep

Pervious Total
Impervious Land Use
ROADS MOD
ROOF TOPS FLAT
DRIVEWAYS MOD
Impervious Total
Basin Total

Element Flows To:
Surface

PRELIM POND SIZING 20211018

No
No

acre
7.9

7.9

acre
0.82
0.98
0.98
2.78

10.68

Interflow
Trapezoidal Pond 1 Trapezoidal Pond 1

Groundwater

10/27/2021 9:59:05 AM
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Basin 3

Bypass: Yes
GroundWater: No
Pervious Land Use acre
Pervious Total 0
Impervious Land Use acre
ROADS MOD 0.25
Impervious Total 0.25
Basin Total 0.25
Element Flows To:

Surface Interflow

PRELIM POND SIZING 20211018

Groundwater

10/27/2021 9:59:05 AM
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Routing Elements
Predeveloped Routing
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Mitigated Routing
Trapezoidal Pond 1

Bottom Length: 140.10 ft.
Bottom Width: 140.10 ft.

Depth: 6 ft.

Volume at riser head: 2.7699 acre-feet.
Side slope 1: 3To1l

Side slope 2: 3To1l

Side slope 3: 3To1l

Side slope 4. 3To1l
Discharge Structure

Riser Height: 5 ft.

Riser Diameter: 18in.

Notch Type: Rectangular
Notch Width: 1.193 ft.

Notch Height: 1.452 ft.

Orifice 1 Diameter: 10.45 in. Elevation:0 ft.
Element Flows To:

Outlet 1 Outlet 2

Pond Hydraulic Table

Stage(feet) Area(ac.) Volume(ac-ft.) Discharge(cfs) Infilt(cfs)
0.0000 0.450 0.000 0.000 0.000
0.0667 0.453 0.030 0.765 0.000
0.1333 0.455 0.060 1.082 0.000
0.2000 0.458 0.090 1.325 0.000
0.2667 0.461 0.121 1.530 0.000
0.3333 0.463 0.152 1.710 0.000
0.4000 0.466 0.183 1.874 0.000
0.4667 0.468 0.214 2.024 0.000
0.5333 0.471 0.245 2.164 0.000
0.6000 0.474 0.277 2.295 0.000
0.6667 0.476 0.309 2.419 0.000
0.7333 0.479 0.340 2.537 0.000
0.8000 0.482 0.373 2.650 0.000
0.8667 0.484 0.405 2.758 0.000
0.9333 0.487 0.437 2.862 0.000
1.0000 0.490 0.470 2.963 0.000
1.0667 0.492 0.502 3.060 0.000
1.1333 0.495 0.535 3.154 0.000
1.2000 0.498 0.569 3.246 0.000
1.2667 0.500 0.602 3.335 0.000
1.3333 0.503 0.635 3.421 0.000
1.4000 0.506 0.669 3.506 0.000
1.4667 0.509 0.703 3.588 0.000
1.5333 0.511 0.737 3.669 0.000
1.6000 0.514 0.771 3.748 0.000
1.6667 0.517 0.805 3.825 0.000
1.7333 0.520 0.840 3.901 0.000
1.8000 0.522 0.875 3.975 0.000
1.8667 0.525 0.910 4.048 0.000
1.9333 0.528 0.945 4.120 0.000
2.0000 0.531 0.980 4.190 0.000
2.0667 0.533 1.016 4.260 0.000

PRELIM POND SIZING 20211018 10/27/2021 9:59:05 AM Page 10



2.1333
2.2000
2.2667
2.3333
2.4000
2.4667
2.5333
2.6000
2.6667
2.7333
2.8000
2.8667
2.9333
3.0000
3.0667
3.1333
3.2000
3.2667
3.3333
3.4000
3.4667
3.5333
3.6000
3.6667
3.7333
3.8000
3.8667
3.9333
4.0000
4.0667
4.1333
4.2000
4.2667
4.3333
4.4000
4.4667
4.5333
4.6000
4.6667
4.7333
4.8000
4.8667
4.9333
5.0000
5.0667
5.1333
5.2000
5.2667
5.3333
5.4000
5.4667
5.5333
5.6000
5.6667
5.7333
5.8000
5.8667
5.9333

PRELIM POND SIZING 20211018

0.536
0.539
0.542
0.545
0.548
0.550
0.553
0.556
0.559
0.562
0.565
0.568
0.570
0.573
0.576
0.579
0.582
0.585
0.588
0.591
0.594
0.597
0.600
0.603
0.606
0.609
0.612
0.615
0.618
0.621
0.624
0.627
0.630
0.633
0.636
0.639
0.642
0.645
0.648
0.651
0.654
0.658
0.661
0.664
0.667
0.670
0.673
0.676
0.680
0.683
0.686
0.689
0.692
0.695
0.699
0.702
0.705
0.708

1.051
1.087
1.123
1.160
1.196
1.233
1.269
1.306
1.344
1.381
1.419
1.456
1.494
1.532
1571
1.609
1.648
1.687
1.726
1.766
1.805
1.845
1.885
1.925
1.965
2.006
2.046
2.087
2.128
2.170
2.211
2.253
2.295
2.337
2.379
2.422
2.465
2.507
2.551
2.594
2.638
2.681
2.725
2.769
2.814
2.858
2.903
2.948
2.993
3.039
3.085
3.130
3.177
3.223
3.269
3.316
3.363
3.410

4.328
4.395
4.461
4.526
4.590
4.654
4.716
4.778
4.839
4.899
4.958
5.017
5.075
5.132
5.189
5.245
5.301
5.356
5.410
5.464
5.517
5.570
5.670
5.837
6.044
6.280
6.543
6.829
7.136
7.462
7.806
8.167
8.544
8.936
9.343
9.764
10.19
10.64
11.10
11.57
12.06
12.55
13.06
13.58
13.90
14.44
15.11
15.88
16.68
17.47
18.21
18.85
19.37
19.76
20.06
20.43
20.73
21.02

10/27/2021 9:59:05 AM

0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
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6.0000 0.711 3.457 21.30 0.000
6.0667 0.715 3.505 21.57 0.000
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Analysis Results
POC 1
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Cumulative Probability R
v

Percent Time Excecading 05 1 2 5

+ Predeveloped x Mitigated

Predeveloped Landuse Totals for POC #1
Total Pervious Area: 45.17
Total Impervious Area: 3.38

Mitigated Landuse Totals for POC #1
Total Pervious Area: 26.53
Total Impervious Area: 22.02
Flow Frequency Method:  Log Pearson Type Il 17B

Flow Frequency Return Periods for Predeveloped. POC #1

Return Period Flow(cfs)
2 year 15.250578
5 year 21.963799
10 year 25.427034
25 year 28.852121
50 year 30.84717
100 year 32.46739
Flow Frequency Return Periods for Mitigated. POC #1
Return Period Flow(cfs)
2 year 6.633016
5 year 9.807369
10 year 12.292749
25 year 15.904798
50 year 18.961267
100 year 22.351245

Annual Peaks
Annual Peaks for Predeveloped and Mitigated. POC #1

Year Predeveloped Mitigated
1949 11.424 7.739
1950 13.852 6.744
1951 19.570 5.589
1952 12.638 6.861
1953 15.785 5.502
1954 25.730 5.723
1955 12.216 5.168
1956 22.113 18.077
1957 20.808 7.415
1958 17.161 10.214

PRELIM POND SIZING 20211018
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1959 9.714 3.843
1960 9.105 4.522
1961 19.623 7.344
1962 14.367 5.828
1963 15.865 5.364
1964 14.402 6.078
1965 13.121 8.577
1966 17.681 7.378
1967 16.537 5.292
1968 18.589 5.768
1969 19.734 8.268
1970 48.644 22.779
1971 8.345 4.685
1972 12.849 5.994
1973 13.645 8.044
1974 19.315 17.604
1975 11.342 5.372
1976 17.575 7.776
1977 1.368 3.349
1978 25.859 12.337
1979 17.049 9.601
1980 9.624 5.111
1981 22.735 11.387
1982 16.271 11.427
1983 28.009 10.453
1984 9.273 4.870
1985 6.396 5.043
1986 8.634 4.518
1987 14.170 7.987
1988 8.144 3.932
1989 9.312 4.380
1990 6.979 4.235
1991 16.938 5.426
1992 16.817 4.986
1993 21.689 10.912
1994 14.195 9.612
1995 11.784 8.811
1996 25.234 17.016
1997 31.599 17.162
1998 25.861 5.477
1999 16.840 9.612
2000 11.568 3.731
2001 6.337 3.393
2002 22.909 6.827
2003 18.248 9.926
2004 5.875 4.484
2005 7.442 5.147
2006 13.440 5.831
2007 7.695 6.403
2008 13.899 5.397

Ranked Annual Peaks
Ranked Annual Peaks for Predeveloped and Mitigated. POC #1

Rank Predeveloped Mitigated
1 48.6436 22.7793
2 31.5989 18.0772
3 28.0090 17.6038
4 25.8607 17.1620
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5 25.8593
6 25.7298
7 25.2336
8 22.9088
9 22.7349
10 22.1128
11 21.6887
12 20.8083
13 19.7342
14 19.6228
15 19.5698
16 19.3153
17 18.5892
18 18.2483
19 17.6807
20 17.5751
21 17.1613
22 17.0485
23 16.9379
24 16.8397
25 16.8174
26 16.5367
27 16.2712
28 15.8651
29 15.7845
30 14.4017
31 14.3671
32 14.1949
33 14.1698
34 13.8990
35 13.8518
36 13.6449
37 13.4402
38 13.1212
39 12.8489
40 12.6380
41 12.2155
42 11.7837
43 11.5682
44 11.4238
45 11.3423
46 9.7143

47 9.6245

48 9.3123

49 9.2729

50 9.1054

51 8.6337

52 8.3447

53 8.1444

54 7.6951

55 7.4422

56 6.9789

57 6.3960

58 6.3368

59 5.8753

60 1.3680

PRELIM POND SIZING 20211018

17.0160
12.3374
11.4273
11.3874
10.9122
10.4533
10.2140
9.9256
9.6124
9.6118
9.6008
8.8114
8.5765
8.2683
8.0441
7.9873
7.7757
7.7389
7.4149
7.3775
7.3436
6.8610
6.8274
6.7444
6.4034
6.0779
5.9944
5.8314
5.8281
5.7679
5.7228
5.5886
5.5016
5.4773
5.4263
5.3967
5.3721
5.3636
5.2920
5.1683
5.1474
5.1107
5.0427
4.9856
4.8705
4.6848
45221
4.5176
4.4837
4.3797
4.2346
3.9322
3.8427
3.7308
3.3935
3.3494
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Duration Flows
The Facility PASSED

Flow(cfs) Predev Mit Percentage Pass/Fail
7.6253 820 309 37 Pass
7.8599 751 283 37 Pass
8.0944 701 266 37 Pass
8.3290 654 244 37 Pass
8.5635 609 222 36 Pass
8.7981 557 203 36 Pass
9.0327 527 188 35 Pass
9.2672 494 170 34 Pass
9.5018 450 161 35 Pass
9.7364 422 147 34 Pass
9.9709 398 133 33 Pass
10.2055 379 120 31 Pass
10.4401 358 114 31 Pass
10.6746 338 103 30 Pass
10.9092 323 91 28 Pass
11.1438 302 81 26 Pass
11.3783 287 74 25 Pass
11.6129 267 67 25 Pass
11.8474 254 63 24 Pass
12.0820 238 57 23 Pass
12.3166 220 51 23 Pass
12.5511 203 47 23 Pass
12.7857 197 45 22 Pass
13.0203 182 42 23 Pass
13.2548 168 39 23 Pass
13.4894 163 37 22 Pass
13.7240 153 33 21 Pass
13.9585 144 32 22 Pass
14.1931 136 31 22 Pass
14.4277 118 31 26 Pass
14.6622 117 30 25 Pass
14.8968 109 27 24 Pass
15.1314 103 23 22 Pass
15.3659 97 23 23 Pass
15.6005 88 23 26 Pass
15.8350 82 23 28 Pass
16.0696 76 18 23 Pass
16.3042 72 17 23 Pass
16.5387 69 16 23 Pass
16.7733 63 13 20 Pass
17.0079 57 11 19 Pass
17.2424 52 9 17 Pass
17.4770 51 9 17 Pass
17.7116 49 8 16 Pass
17.9461 46 7 15 Pass
18.1807 41 5 12 Pass
18.4153 39 5 12 Pass
18.6498 36 5 13 Pass
18.8844 34 5 14 Pass
19.1189 31 5 16 Pass
19.3535 30 5 16 Pass
19.5881 28 5 17 Pass
19.8226 26 5 19 Pass
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20.0572 25 5 20 Pass
20.2918 22 5 22 Pass
20.5263 21 4 19 Pass
20.7609 20 4 20 Pass
20.9955 19 4 21 Pass
21.2300 19 3 15 Pass
21.4646 19 3 15 Pass
21.6992 17 2 11 Pass
21.9337 16 2 12 Pass
22.1683 15 2 13 Pass
22.4028 14 1 7 Pass
22.6374 14 1 7 Pass
22.8720 11 0 0 Pass
23.1065 10 0 0 Pass
23.3411 10 0 0 Pass
23.5757 10 0 0 Pass
23.8102 10 0 0 Pass
24.0448 10 0 0 Pass
24.2794 10 0 0 Pass
24.5139 10 0 0 Pass
24.7485 10 0 0 Pass
24.9831 10 0 0 Pass
25.2176 10 0 0 Pass
25.4522 9 0 0 Pass
25.6868 9 0 0 Pass
25.9213 6 0 0 Pass
26.1559 6 0 0 Pass
26.3904 6 0 0 Pass
26.6250 6 0 0 Pass
26.8596 6 0 0 Pass
27.0941 6 0 0 Pass
27.3287 6 0 0 Pass
27.5633 6 0 0 Pass
27.7978 6 0 0 Pass
28.0324 5 0 0 Pass
28.2670 5 0 0 Pass
28.5015 5 0 0 Pass
28.7361 5 0 0 Pass
28.9707 5 0 0 Pass
29.2052 5 0 0 Pass
29.4398 5 0 0 Pass
29.6743 5 0 0 Pass
29.9089 5 0 0 Pass
30.1435 5 0 0 Pass
30.3780 5 0 0 Pass
30.6126 5 0 0 Pass
30.8472 5 0 0 Pass
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Water Quality

Water Quality BMP Flow and Volume for POC #1
5.1471 acre-feet

On-line facility volume:
On-line facility target flow:
Adjusted for 15 min:
Off-line facility target flow:
Adjusted for 15 min:

PRELIM POND SIZING 20211018

3.8493 cfs.
3.8493 cfs.
2.2506 cfs.
2.2506 cfs.

10/27/2021 9:59:55 AM
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LID Report
LID Technique Used for Total Volume |Volume Infiltration Cumulative |Percent Water Quuality [ Percent Comment
Treatment ? [Meeds Through Volume Volume Volume Water Quality
Treatment Facility (ac-ft) Infiltration Infiltrated Treated
{ac-ft) (ac-t) Credit
Traperoidal Pond 1 POC O 604596 O 0.00
Total Volume Infiltrated 5045.96 0.00 0.00 0.00 0.00 0% gfegfat
Compliance with LID E;‘;f‘;g;
Standard 8% of 2-yr to 50% of i
Zis Result=
. Failed
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Model Default Modifications

Total of O changes have been made.

PERLND Changes
No PERLND changes have been made.

IMPLND Changes
No IMPLND changes have been made.
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Appendix

Predeveloped Schematic
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Mitigated Schematic
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Predeveloped UCI File
RUN

GLOBAL

WMHWA nodel sinul ation

START 1948 10 01 END 2008 09 30

RUN | NTERP OUTPUT LEVEL 3 0

RESUNME 0 RUN 1 UNI T SYSTEM 1
END GLOBAL

FI LES
<File> <Un#> S File Name----------cmommmmm e Sk ok *
<_|D_> * k% %
VDM 26 PRELI M POND Sl ZI NG 20211018, wdm
MESSU 25 PrePRELI M POND SI ZI NG 20211018. MES

27 PrePRELI M POND SI ZI NG 20211018. L61

28 PrePRELI M POND SI ZI NG 20211018. L62

30 POCPRELI M POND SI ZI NG 202110181. dat
END FI LES

OPN SEQUENCE
| NGRP | NDELT 00: 15
PERLND 30
I MPLND 2
| MPLND 4
| MPLND 6
CoPY 501
DI SPLY 1
END | NGRP
END OPN SEQUENCE
DI SPLY
DI SPLY- | NFOL
# - H<-------- Title----------- >***TRAN PIVL DIGL FIL1 PYR DI&Q FIL2 YRND
1 Basin 1 MAX 1 2 30 9
END DI SPLY- 1 NFOL
END DI SPLY
corY
TI MESERI ES
# - # NPT NWN ***
1 1 1
501 1 1
END Tl MESERI ES
END COPY
GENER
OPCCDE
# # OPCD ***
END OPCODE
PARM
# # K * k% %
END PARM
END GENER
PERLND
GEN- | NFO
<PLS ><------- Name------- >NBLKS  Unit-systens Printer ***
# - # User t-series Engl Metr ***
in out *kx
30 SH4, Forest, Steep 1 1 1 1 27 0
END GEN- | NFO
*** Section PWATER***

ACTIMVITY

<PLS > khkkkkkkkkkkkx ACtIVE Sectl ons EE R R I R I I R I R

# - # ATMP SNOW PWAT SED PST PW5 PQAL MSTL PEST NI TR PHOS TRAC ***

30 0 0 1 0 0 0 0 0 0 0 0 0
END ACTI VI TY
PRI NT- | NFO

<PLS > BRI b b b I I I Prl nt_fl ags EE IR I b I S I b b I I I I I R S S b I I PI VL PYR
# - # ATMP SNOWPWAT SED PST PWG PQAL MSTL PEST NI TR PHOS TRAC ******xxx

PRELIM POND SIZING 20211018 10/27/2021 10:00:24 AM Page 24



Exhibit 5

30 0 0 4 0 0 0 0 0 0 0 0 0 1 9
END PRI NT- 1 NFO

PWAT- PARML

<PLS > PWATER variable nonthly paraneter value flags ***

# - # CSNO RTOP UZFG VCS VUZ VNN VIFWVIRC VLE INFC HW ***
30 0 0 0 0 0 0 0 0 0 0 0
END PWAT- PARML

PWAT- PARM?
<PLS > PWATER i nput info: Part 2 i
# - # ***FOREST LZSN I NFI LT LSUR SLSUR KVARY AGARC
30 0 6 0. 04 400 0.15 0 0.96
END PWAT- PARM2
PWAT- PARMB
<PLS > PWATER i nput info: Part 3 *k K
# - # ***PETMAX PETM N | NFEXP | NFI LD DEEPFR BASETP AGNETP
30 0 0 3 2 0 0 0
END PWAT- PARMB
PWAT- PARVA
<PLS > PWATER i nput info: Part 4 *Ex
# - # CEPSC UZSN NSUR | NTFW | RC LZETP ***
30 0.2 0.4 0.35 2 0.4 0.7

END PWAT- PARV4

PWAT- STATE1
<PLS > *** |nitial conditions at start of sinulation
ran from1990 to end of 1992 (pat 1-11-95) RUN 21 ***

# - # *** CEPS SURS uzs | FWS LZS AGNE GW/S
30 0 0 0 0 2.5 1 0
END PWAT- STATE1
END PERLND
| MPLND
CEN- | NFO
<PLS ><------- Nanme------- > Unit-systens Printer ***
# - # User t-series Engl Metr ***
in out e
2 ROADS/ MOD 1 1 1 27 0
4 ROOF TOPS/ FLAT 1 1 1 27 0
6 DRI VEWAYS/ MOD 1 1 1 27 0

END GEN- I NFO
*** Section | WATER***

ACTIMITY

<PLS > khkkkkkkkkkkkx ACtIVE Sectl ons EE R R I R I I R I R

# - # ATMP SNOWIWAT SLD |IW5G | QAL il

2 0 0 1 0 0 0
4 0 0 1 0 0 0
6 0 0 1 0 0 0
END ACTI VI TY
PRI NT- | NFO

<ILS > ***xx**xx print-flags ********x pPlVL PYR
# - # ATMP SNONVIWAT SLD W5 | QAL Xk ok koK Xk kK
2 0 0 4 0 0 0 1 9

4 0 0 4 0 0 0 1 9
6 0 0 4 0 0 0 1 9
END PRI NT- 1 NFO
| WAT- PARML
<PLS > |WATER vari able nmonthly paraneter value flags ***
# - # CSNO RTOP VRS VNN RTLI *oxx
2 0 0 0 0 0
4 0 0 0 0 0
6 0 0 0 0 0

END | WAT- PARML
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| WAT- PARMR
<PLS > | WATER i nput info: Part 2 i
# - # *** LSUR SLSUR NSUR RETSC
2 400 0. 05 0.1 0.08
4 400 0.01 0.1 0.1
6 400 0. 05 0.1 0. 08
END | WAT- PARWR
| WAT- PARMB
<PLS > | WATER i nput info: Part 3 *xx
# - # ***PETMAX PETM N
2 0 0
4 0 0
6 0 0
END | WAT- PARM3
| WAT- STATE1
<PLS > *** |nitial conditions at start of sinulation
# - # *** RETS SURS
2 0 0
4 0 0
6 0 0
END | WAT- STATE1
END | MPLND
SCHEMATI C
<- Sour ce-> <--Area--> <-Target-> MBLK  ***
<Nane> # <-factor-> <Nane> # Tbl # e
Basin 1***
PERLND 30 37. 27 COPY 501 12
PERLND 30 37.27 COPY 501 13
O fsite Basin***
PERLND 30 7.9 COPY 501 12
PERLND 30 7.9 COPY 501 13
IMPLND 2 0. 82 COPY 501 15
IMPLND 4 0.98 CoPY 501 15
IMPLND 6 0.98 COPY 501 15
Basin 3***
IMPLND 2 0.6 CoPY 501 15

******Routi ng******
END SCHENMATI C

NETWORK
<-Vol une-> <- G p> <-Menber-><--Milt-->Tran <-Target vol s> <-G p> <- Menber->
<Name> # <Name> # #i<-factor->strg <Name> # # <Name> # #
COPY 501 QUTPUT MEAN 1 1  48.4 DISPLY 1 I NPUT TI MSER 1
<-Vol une-> <- G p> <-Menber-><--Milt-->Tran <-Target vol s> <-G p> <- Menber->
<Name> # <Name> # #i<-factor->strg <Name> # # <Name> # #
END NETWORK
RCHRES
GEN- | NFO
RCHRES Nare Nexits Unit Systens Printer
# - B ><---> User T-series Engl Metr LKFG

END GEN- I NFO
*** Section RCHRES***

ACTIMI TY

in out

<PLS S kxkkkkkkhkhkkkk ok ACtIVG SeCtI ons Rk b ok S Rk S Sk b o b S R

# -
END ACTI VI TY

PRI NT- 1 NFO

<PLS S *Fhkkkkkkkkkkkkkokkk Prl nt_fl ags EIE IR R R R I PI VL

PRELIM POND SIZING 20211018
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# HYFG ADFG CNFG HTFG SDFG GQFG OXFG NUFG PKFG PHFG ***

PYR

* k% %
* k% %

* k% %
* k% %

* k% %
* k% %
* % %
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# - # HYDR ADCA CONS HEAT SED GQL OXRX NUTR PLNK PHCB PI VL
END PRI NT- I NFO

HYDR- PARML
RCHRES Fl ags for each HYDR Section

# - # VC AL A2 A3 CDFVFG for each ***
FG FG FG F

END HYDR- PARML

*

*

ODGTFG for each
G possible exit *** possible
* * * * * * * *

exit
* *

Exhibit 5

PYR *kkkkkkk*k

* k *

FUNCT for each

possible exit
* k%

HYDR- PARMR
# - # FTABNO LEN DELTH STCOR KS DB50 * k%
<mem - S<em o - - S<em o - - S<em o - - S<em o - - S<em o - - S<em o - - > * k%
END HYDR- PARM?
HYDR-INI' T
RCHRES Initial conditions for each HYDR section xRk
# - H xx* VOL Initial value of COLIND Initial value of OUTDGT
*** ac-ft for each possible exit for each possible exit
<mem - S<em o - > D T T T T i i
END HYDR-INI' T
END RCHRES

SPEC- ACTI ONS

END SPEC- ACTI ONS

FTABLES
END FTABLES

EXT SOURCES
<- Vol une- >

<Nane> #
DM 2
V\DM 2
V\DM 1
DM 1

<Member > SsysSgap<--Milt-->Tran
<Nanme> # temstrg<-factor->strg

PREC
PREC
EVAP
EVAP

END EXT SOURCES

EXT TARCETS

<-Vol une-> <-Gp>

<Nane> #

COPY 501 QUTPUT

END EXT TARGETS

MASS- LI NK

<Vol une> <-Gp>

<Nanme>

MASS- LI NK
PERLND

END MASS-

MASS- LI NK
PERLND

END MASS-

MASS- LI NK
| MPLND

END MASS-
END MASS- LI

END RUN

PRELIM POND SIZING 20211018

PWATER

LI NK

PWATER

LI NK

| WATER

LI NK

NK

ENGL 1.3
ENGL 1.3
ENGL 0.8
ENGL 0.8

<- Menber-><--Mil t-->Tran
<Name> # #i<-factor->strg
MEAN 11 48. 4

<- Menber-><--Mul t-->
<Nane> # #<-factor->
12

SURO 0. 083333
12

13
| FWWO 0. 083333
13

15
SURO 0. 083333
15

<-Target vol s>

<Nane> #
PERLND 1
| MPLND 1
PERLND 1
| MPLND 1

<- Vol une- >
<Nane> #
V\DM 501

<Tar get >
<Nane>

CorPY

CoPY

CorPY

#
999
999
999
999

<-Gp>
EXTNL

EXTNL
EXTNL

<- Menber-> ***
<Nanme> # # ***
PREC

PREC

PETI NP

PETI NP

<Menmber > Tsys Tgap And ***
<Nane>

FLOW

10/27/2021 10:00:24 AM

<-Qp>

I NPUT

I NPUT

I NPUT

temstrg strg***
ENGL REPL

<- Menber - >***
<Name> # #***

MVEAN

MEAN

MVEAN

Page 27



Mitigated UCI File

Exhibit 5

RUN
GLOBAL
WAHMA nodel  si mul ation
START 1948 10 01 END 2008 09 30
RUN | NTERP OQUTPUT LEVEL 3 0
RESUVE 0 RUN 1 UNI T SYSTEM 1
END GLOBAL
FI LES
<File> <Un#> S File Name----------cmommmmm e Sk ok *
<_|D_> * k% %
VDM 26 PRELI M POND Sl ZI NG 20211018, wdm
MESSU 25 Mt PRELI M POND SI ZI NG 20211018. MES
27 Mt PRELI M POND SI ZI NG 20211018. L61
28 Mt PRELI M POND SI ZI NG 20211018. L62
30 POCPRELI M POND SI ZI NG 202110181. dat
END FI LES
OPN SEQUENCE
| NGRP | NDELT 00: 15
PERLND 32
| MPLND 2
| MPLND 4
| MPLND 6
| MPLND 9
PERLND 30
RCHRES 1
cory 1
corY 501
corY 601
Dl SPLY 1
END | NGRP
END OPN SEQUENCE
DI SPLY
DI SPLY- | NFOL
# - H<---e---- Title----------- >***TRAN PIVL DIGL FIL1L PYR DI&Q FIL2 YRND
1 Trapezoidal Pond 1 MAX 1 2 30 9
END DI SPLY-1 NFOL
END DI SPLY
cory
TI MESERI ES
# - # NPT NWN ***
1 1 1
501 1 1
601 1 1
END TI MESERI ES
END COPY
GENER
OPCCDE
# # OPCD ***
END OPCODE
PARM
# # K * k% %
END PARM
END GENER
PERLND
GEN- | NFO
<PLS ><------- Name------- >NBLKS  Unit-systens Printer ***
# - # User t-series Engl Metr ***
in out *kx
32 S+, Field, Md 1 1 1 1 27 0
30 SH4, Forest, Steep 1 1 1 1 27 0

END GEN- | NFO
*** Section PWATER***

ACTIVITY

<PLS S *Frkkkkkkkkkkkk ACtIVG SeCtl ons EE IR R R I R Ok I I O R

PRELIM POND SIZING 20211018 10/27/2021 10:00:24 AM
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# - # ATMP SNOW PWAT SED PST PWG PQAL MSTL PEST NI TR PHOS TRAC ***
32 0 0 1 0 0 0 0 0 0 0 0 0

30 0 0 1 0 0 0 0 0 0 0 0 0
END ACTI VI TY

PRI NT- 1 NFO
<PLS S *Fhkkkkkkkkkkkkkokokk Prl nt_fl ags EE IR R R I R Sk O I R I PI VL PYR

# - # ATMP SNOW PWAT SED PST PWG PQAL MSTL PEST NI TR PHOS TRAC  ******skx*

32 0 0 4 0 0 0 0 0 0 0 0 0 1 9
30 0 0 4 0 0 0 0 0 0 0 0 0 1 9
END PRI NT- | NFO
PWAT- PARML
<PLS > PWATER variable nonthly paraneter value flags ***
# - # CSNO RTOP UZFG VCS VUZ VNN VIFWVIRC VLE INFC HW ***
32 0 0 0 0 0 0 0 0 0 0 0
30 0 0 0 0 0 0 0 0 0 0 0
END PWAT- PARML
PWAT- PARM?

<PLS > PWATER i nput info: Part 2 i

# - # ***FOREST LZSN I NFI LT LSUR SLSUR KVARY AGARC
32 0 6 0. 03 400 0.1 0 0. 96
30 0 6 0. 04 400 0.15 0 0. 96

END PWAT- PARM2
PWAT- PARMB

<PLS > PWATER i nput info: Part 3 *xx

# - # ***PETMAX PETM N | NFEXP | NFI LD DEEPFR BASETP AGVNETP
32 0 0 3 2 0 0 0
30 0 0 3 2 0 0 0

END PWAT- PARMB
PWAT- PARVA

<PLS > PWATER i nput info: Part 4 *Ex

# - # CEPSC UZSN NSUR | NTFW | RC LZETP ***
32 0.15 0.4 0.3 2 0.4 0.4
30 0.2 0.4 0.35 2 0.4 0.7

END PWAT- PARVA
PWAT- STATE1
<PLS > *** |nitial conditions at start of simulation
ran from 1990 to end of 1992 (pat 1-11-95) RUN 21 ***

# - # *** CEPS SURS uzs | FW5 LZS AGNE GW/S
32 0 0 0 0 2.5 1 0
30 0 0 0 0 2.5 1 0

END PWAT- STATE1
END PERLND
| MPLND

GEN- | NFO

<PLS ><------- Nanme------- > Unit-systens Printer ***

# - # User t-series Engl Metr ***

in out *kx

2 ROADS/ MCD 1 1 1 27 0

4 ROOF TOPS/ FLAT 1 1 1 27 0

6 DRI VEWAYS/ MOD 1 1 1 27 0

9 S| DEWALKS/ MOD 1 1 1 27 0

END GEN- I NFO
*** Section | WATER***

ACTIMVITY

<PLS > khkkkkkkkkkkkx ACtIVE SeCtI ons EE R R I R I I R I R

# - # ATMP SNOWIWAT SLD |IWG | QAL il

2 0 0 1 0 0 0

4 0 0 1 0 0 0

6 0 0 1 0 0 0

9 0 0 1 0 0 0
END ACTI VI TY
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PRI NT- | NFO

<ILS > ***x*x*x print-flags ******** pPVL PYR
# - # ATMP SNOWIWAT SLD |IWG | QAL *kkkkkkkx

0
0
0
0
END PRI NT- I NFO

OCoON
QOOoOOo
AR D
[eoleollole)
QO OoOOo

| WAT- PARML

coocoo
N
© ©©©

<PLS > |WATER vari able nonthly paraneter value flags ***

# - # CSNO RTOP VRS VNN RTLI

2 0 0 0 0 0
4 0 0 0 0 0
6 0 0 0 0 0
9 0 0 0 0 0
END | WAT- PARML
| WAT- PARMR
<PLS > | WATER i nput info: Part 2 *k K
# - # *** LSUR SLSUR NSUR RETSC
2 400 0.05 0.1 0.08
4 400 0.01 0.1 0.1
6 400 0. 05 0.1 0. 08
9 400 0.05 0.1 0.08
END | WAT- PARMR
| WAT- PARMB
<PLS > | WATER i nput info: Part 3 *k K
# -  # ***PETMAX PETM N
2 0 0
4 0 0
6 0 0
9 0 0
END | WAT- PARM3
| WAT- STATEL
<PLS > *** |nitial conditions at start of sinulation
# - # *** RETS SURS
2 0 0
4 0 0
6 0 0
9 0 0
END | WAT- STATE1
END | MPLND
SCHEMATI C
<- Sour ce- > <--Area--> <-Target ->
<Nane> # <-factor-> <Nane> #
Basin 1***
PERLND 32 18. 63 RCHRES 1
PERLND 32 18. 63 RCHRES 1
IMPLND 2 6.34 RCHRES 1
IMPLND 4 9.17 RCHRES 1
IMPLND 6 1.99 RCHRES 1
IMPLND 9 1. 49 RCHRES 1
O fsite Basin***
PERLND 30 7.9 RCHRES 1
PERLND 30 7.9 RCHRES 1
IMPLND 2 0. 82 RCHRES 1
IMPLND 4 0.98 RCHRES 1
IMPLND 6 0.98 RCHRES 1
Basin 3***
IMPLND 2 0.25 COPY 501
IMPLND 2 0.25 COPY 601
******Routi ng******
PERLND 32 18. 63 COPY 1
IMPLND 2 6.34 COPY 1
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I MPLND 4 9.17 COPY 1 15

IMPLND 6 1.99 corY 1 15

IMPLND 9 1.49 corY 1 15

PERLND 32 18. 63 CcoPY 1 13

PERLND 30 7.9 corY 1 12

| MPLND 2 0.82 corY 1 15

| MPLND 4 0.98 CcoPY 1 15

IMPLND 6 0.98 corY 1 15

PERLND 30 7.9 corY 1 13

RCHRES 1 1 CoPY 501 16

END SCHEMATI C

NETWORK

<-Vol une-> <- @& p> <-Menber-><--Milt-->Tran <-Target vol s> <-G p> <-Menber-> ***

<Nane> # <Nanme> # #<-factor->strg <Name> # # <Nanme> # # ***

COPY 501 OUTPUT MEAN 11 48. 4 DI SPLY 1 I NPUT Tl MSER 1

<-Vol une-> <- @& p> <-Menber-><--Milt-->Tran <-Target vol s> <-G p> <-Menber-> ***

<Nane> # <Nanme> # #<-factor->strg <Name> # # <Nanme> # # ***

END NETWORK

RCHRES

CEN- | NFO
RCHRES Nare Nexits Unit Systens Printer i
# - B< e ><---> User T-series Engl Metr LKFG i
in out e

1 Trapezoi dal Pond- 005 1 1 1 1 28 0 1

END GEN- | NFO
*** Section RCHRES***

ACTI VI TY
<PLS > kkkkkkhkkkkhkkkx*k ACtIVe SeCtl ons R R I b I S b b b b b b b S S R I I
# - # HYFG ADFG CNFG HTFG SDFG GQFG OXFG NUFG PKFG PHFG ***

1 1 0 0O O O O O O0 0 0

END ACTI VI TY

PRI NT- | NFO
<PLS > EE R b I R b b b b Prl nt_fl ags EE R R I b b b b b I PI VL PYR
# - # HYDR ADCA CONS HEAT SED GQL OXRX NUTR PLNK PHCB Pl VL PYR ****x%%ix
1 4 0 0 0 0 0 0 0 0 0 1 9
END PRI NT- | NFO
HYDR- PARML
RCHRES Flags for each HYDR Section *ok
# - # VC AL A2 A3 ODFVFG for each *** ODGIFG for each FUNCT for each
FG FG FG FG possible exit *** possible exit possible exit
* * * * * * * * * * * * * * * % %
1 0 1 0 O 4 0 0 0 O 0 0 0 0 O 2 2 2 2 2
END HYDR- PARML
HYDR- PARM?
# - # FTABNO LEN DELTH STCOR KS DB50 *oxk
<------ S<o oo S<o oo S<o oo S<o oo S<o oo S<o oo > *kk
1 1 0. 03 0.0 0.0 0.5 0.0
END HYDR- PARM?
HYDR- I NI T
RCHRES Initial conditions for each HYDR section *okx
# - H# VOL Initial value of COLI ND Initial value of OUTDGT
*** ac-ft for each possible exit for each possible exit
R Y S > S T R T e e e
1 0 4.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
END HYDR-INI'T
END RCHRES
SPEC- ACTI ONS
END SPEC- ACTI ONS
FTABLES
FTABLE 1
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91 4

Dept h

(ft)
. 000000
. 066667
. 133333
. 200000
. 266667
. 333333
. 400000
. 466667
. 533333
. 600000
. 666667
. 733333
. 800000
. 866667
. 933333
. 000000
. 066667
. 133333
. 200000
. 266667
. 333333
. 400000
. 466667
. 533333
. 600000
. 666667
. 733333
. 800000
. 866667
. 933333
. 000000
. 066667
. 133333
. 200000
. 266667
. 333333
. 400000
. 466667
. 533333
. 600000
. 666667
. 733333
. 800000
. 866667
. 933333
. 000000
. 066667
. 133333
. 200000
. 266667
. 333333
. 400000
. 466667
. 533333
. 600000
. 666667
. 733333
. 800000
. 866667
. 933333
. 000000
. 066667
. 133333
. 200000
. 266667
. 333333
. 400000

AR OWLWWWWWWWWWWWWWNNNNNNDNNNNDNNNNNNNRPRPRPRPRPRPRPRPRPRPRPRPRPRPRPRPOO0OO0OO0O0O000000000O0

[eleolololololololololololololololololololololololololololololololololololojololololololololololololololololololololololololololololo o)

(

Area
acres)
450606

. 453183
. 455767
. 458358
. 460957
. 463563
. 466177
. 468797
. 471425
. 474061
. 476704
. 479354
. 482011
. 484676
. 487348
. 490028
. 492715
. 495409
. 498111
. 500820
. 503536
. 506260
. 508991
. 511729
. 514475
. 517228
. 519988
. 522756
. 525531
. 528313
. 531103
. 533900
. 536704
. 539516
. 542335
. 545162
. 547995
. 550837
. 553685
. 556541
. 559404
. 562275
. 565153
. 568038
. 570931
. 573830
. 576738
. 579652
. 582574
. 585504
. 588440
. 591384
. 594336
. 597294
. 600260
. 603234
. 606215
. 609203
. 612198
. 615201
. 618211
. 621228
. 624253
. 627285
. 630325
. 633372
. 636426

Vol une

(acre-ft)

PRELIM POND SIZING 20211018

NNNNNNNRNNN R R R R R R R R R R R R R R R R R R R PR R R R R P 0000000000000 000000000000000000

. 000000
. 030126
. 060425

090895
121539
152357
183348
214514
245855
277371
309063
340931
372977
405200
437601
470180
502938
535876
568993
602291
635769
669429
703271
737295
771501
805891
840465
875223
910166
945294
980608
016108
051795
087669
123731
159981
196419
233047
269864
306872
344070
381459
419040
456813
494779
532938
571290
609836
648577
687513
726645
765972
805496
845217
885136

. 925252
. 965567
. 006081
. 046794
. 087708
. 128821
. 170136
. 211652
. 253370
. 295290
. 337414
. 379740

Qutflowl Velocity Trave
(M nut es) ***

OCOOOONN~NOOOOOUIUITONTUIUOTOIUIOITONICIVIOARBRADDIDIAMDIMDIMIADAMDIDDIADINDDIDDRNOWWWOWWWWWWWWWNNNNDNNNMNNNRPRRPRPRPRPOO

(

cfs) (ft/sec)
000000

. 765148
. 082083
. 325276
. 530297
. 710924
. 874223
. 024392
. 164166
. 295445
. 419612
. 537710
. 650552
. 758782
. 862923
. 963407
. 060594
. 154788
. 246250
. 335205
. 421848
. 506350
. 588864
. 669523
. 748446
. 825742
. 901507
. 975828
. 048785
. 120450
. 190890
. 260166
. 328333
. 395443
. 461544
. 526679
. 590890
. 654216
. 716692
. 778350
. 839223
. 899340
. 958728
. 017414
. 075420
. 132772
. 189489
. 245593
. 301104
. 356039
. 410416
. 464253
. 517564
. 570364
. 670376
. 837823
. 044019
. 280751
. 543521
. 829373
. 136171
. 462278
. 806389
. 167430
. 544499
. 936825
. 343736
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. 466667
. 533333
. 600000
. 666667
. 733333
. 800000
. 866667
. 933333
. 000000
. 066667
. 133333
. 200000
. 266667
. 333333
. 400000
. 466667
. 533333
. 600000
. 666667
. 733333
. 800000
. 866667
. 933333
. 000000
END FTABL
END FTABLES

oot DMDIMDID

EXT SOURCES
<- Vol une- >

<Nane> #
DM 2
V\DM 2
V\DM 1
DM 1
V\DM 2
V\DM 1

. 639488
. 642556
. 645633
. 648716
. 651807
. 654906
. 658011
. 661124
. 664244
. 667372
. 670507
. 673649
. 676799
. 679956
. 683121
. 686292
. 689471
. 692658
. 695852
. 699053
. 702261
. 705477
. 708700
. 711931
E 1

[eleoleololololololololololololololololololololoNe]

<Member > SsysSgap<--Milt-->Tran
<Nanme> # temstrg<-factor->strg

PREC ENGL
PREC ENGL
EVAP ENGL
EVAP ENGL
PREC ENGL
EVAP ENGL

END EXT SOURCES

. 422271
. 465005
. 507945
. 551090
. 594441
. 637998
. 681762
. 725733
. 769912
. 814299
. 858895
. 903700
. 948715
. 993940
. 039376

085023
130882
176953
223237
269734
316444

. 363369
. 410508
. 457862

orRrooRk

1
1
1
1
1

N Y S S

COWOoooWw

9. 764643
10. 19902
10. 64641
11. 10638
11. 57854
12. 06255
12. 55809
13. 06486
13. 58258
13. 90031
14. 44182
15. 11827
15. 88081
16. 68242
17. 47474
18. 21094
18. 85123
19. 37012
19. 76502
20. 06589
20. 43154
20. 73126
21. 02097
21. 30170

<- Menber-><--Mil t-->Tran
# #i<-factor->strg

1

1
48. 4
48. 4
48. 4

<- Menber-><--Mil t-->

<Nanme> # #<-factor->

EXT TARCETS
<-Vol une-> <-Gp>
<Name> # <Name>
RCHRES 1 HYDR RO
RCHRES 1 HYDR  STAGE
CoPY 1 QUTPUT MEAN
CoOPY 501 QUTPUT MEAN
COPY 601 QUTPUT MEAN
END EXT TARCETS
MASS- LI NK
<Vol ume> <-Gp>
<Name>
MASS- LI NK 2
PERLND PWATER SURO
END MASS- LI NK 2
MASS- LI NK 3
PERLND PWATER | FVWO
END MASS- LI NK 3
MASS- LI NK 5
| MPLND | WATER SURO
END MASS- LI NK 5
MASS- LI NK 12
PERLND PWATER SURO
END MASS-LINK 12
MASS- LI NK 13
PERLND PWATER | FVWO

PRELIM POND SIZING 20211018

0. 083333

0. 083333

0. 083333

0. 083333

0. 083333

<-Target vol s>
<Name> # #
PERLND 1 999
I MPLND 1 999
PERLND 1 999

IMVPLND 1 999
RCHRES 1
RCHRES 1

<-G p> <-Menber-> ***

EXTNL

EXTNL
EXTNL
EXTNL
EXTNL

<Name> # # ***
PREC

PREC

PETI NP

PETI NP

PREC

POTEV

<-Vol une-> <Menber> Tsys Tgap Amd ***
<Nanme> # <Nane>
WM 1000 FLOW
WM 1001 STAG
VDM 701 FLOW
VDM 801 FLOW
VDM 901 FLOW

<Tar get >
<Nane>

RCHRES

RCHRES

RCHRES

CorPY

CoPY

10/27/2021 10:00:24 AM

temstrg strg***

ENGL REPL
ENGL REPL
ENGL REPL
ENGL REPL
ENGL REPL

<-G p> <- Menber->***

<Name> # #***

I NFLOW | VOL

I NFLOW | VOL

I NFLOW | VOL

I NPUT MEAN

I NPUT MEAN
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END MASS-LINK 13
MASS- LI NK 15
| MPLND | WATER SURO
END MASS-LINK 15
MASS- LI NK 16
RCHRES ROFLOW
END MASS-LINK 16
END MASS- LI NK

END RUN

PRELIM POND SIZING 20211018

CoPY

CorPY
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I NPUT MEAN

I NPUT MEAN
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Mitigated HSPF Message File

ERROR/ WARNI NG | D: 341 6

DATE/ TI ME: 1970/ 1/22 17: O

RCHRES: 1

The volune of water in this reach/m xed reservoir is greater than the val ue
in the "volune" colum of the last row of RCHTAB(). To continue the

simul ati on the table has been extrapol ated, based on information contained
inthe last two rows. This will usually result in some |oss of accuracy.

If depth is being calculated it will also cause an error condition

Rel evant data are:

NRONG V1 V2 VOL
91 1.4856E+05 1.5062E+05 1. 6041E+05

ERROR/ WARNI NG | D: 341 5

DATE/ TI ME: 1970/ 1/22 17: O

RCHRES: 1

Cal cul ation of relative depth, using Newon's nethod of successive
approxi mati ons, converged to an invalid value (not in range 0.0 to 1.0).
Probably ftable was extrapolated. |f extrapolation was snall, no problem
Renmedy; extend ftable. Relevant data are:

A B C RDEP1 RDEP2  COUNT
1. 4074E+02 6. 1742E+04 - 3. 555E+05 5.6845 5. 6845E+00 3

ERROR/ WARNI NG | D: 341 6

DATE/ TI ME: 1970/ 1/22 17:15

RCHRES: 1

The volune of water in this reach/m xed reservoir is greater than the val ue
in the "volune" colum of the last row of RCHTAB(). To continue the

simul ati on the table has been extrapol ated, based on information contai ned
inthe last two rows. This will usually result in some |oss of accuracy.

If depth is being calculated it will also cause an error condition

Rel evant data are:

NRONG V1 V2 VOL
91 1.4856E+05 1.5062E+05 1. 6096E+05

ERROR/ WARNI NG | D 341 5

DATE/ TI ME: 1970/ 1/22 17:15

RCHRES: 1

Cal cul ation of relative depth, using Newon's nethod of successive
approxi mati ons, converged to an invalid value (not in range 0.0 to 1.0).
Probably ftable was extrapolated. |f extrapolation was snmall, no probl em
Renedy; extend ftable. Relevant data are:

A B C RDEP1 RDEP2  COUNT
1. 4074E+02 6. 1742E+04 - 3. 720E+05 5.9443 5. 9443E+00 3

ERROR/ WARNI NG | D: 341 6
DATE/ TI ME: 1970/ 1/22 17:30
RCHRES: 1

PRELIM POND SIZING 20211018 10/27/2021 10:00:24 AM
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The volume of water in this reach/nixed reservoir is greater than the value
in the "volune" colum of the last row of RCHTAB(). To continue the

simul ati on the table has been extrapol ated, based on information contai ned
inthe last two rows. This will usually result in some |oss of accuracy.

If depth is being calculated it will also cause an error condition

Rel evant data are:

NROWG V1 V2 VOL
91 1. 4856E+05 1.5062E+05 1.5374E+05

ERROR/ WARNI NG | D 341 5

DATE/ TI ME: 1970/ 1/22 17:30

RCHRES: 1

Cal cul ation of relative depth, using Newon's nethod of successive

appr oxi mati ons, converged to an invalid value (not in range 0.0 to 1.0).

Probably ftable was extrapolated. |f extrapolation was small, no problem
Remedy; extend ftable. Relevant data are:

A B C RDEP1 RDEP2  COUNT
1.4074E+02 6. 1742E+04 - 1. 553E+05 2.5018 2.5018E+00 3
PRELIM POND SIZING 20211018 10/27/2021 10:00:24 AM
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Disclaimer

Legal Notice

This program and accompanying documentation are provided 'as-is' without warranty of any kind. The
entire risk regarding the performance and results of this program is assumed by End User. Clear
Creek Solutions Inc. and the governmental licensee or sublicensees disclaim all warranties, either
expressed or implied, including but not limited to implied warranties of program and accompanying
documentation. In no event shall Clear Creek Solutions Inc. be liable for any damages whatsoever
(including without limitation to damages for loss of business profits, loss of business information,
business interruption, and the like) arising out of the use of, or inability to use this program even

if Clear Creek Solutions Inc. or their authorized representatives have been advised of the
possibility of such damages. Software Copyright © by : Clear Creek Solutions, Inc. 2005-2021; All
Rights Reserved.

Clear Creek Solutions, Inc.
6200 Capitol Blvd. Ste F
Olympia, WA. 98501

Toll Free 1(866)943-0304
Local (360)943-0304

www.clearcreeksolutions.com
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Type IA 24-hr WQ-Event Rainfall=2.09"
Printed 10/28/2021

HydroCAD® 10.00-20 s/n 05096 © 2017 HydroCAD Software Solutions LLC Page 1
Summary for Subcatchment 1S: 1S
[49] Hint: Tc<2dt may require smaller dt
Runoff = 1469cfs @ 7.95 hrs, Volume= 5.157 af, Depth> 1.28"
Runoff by SBUH method, Split Pervious/Imperv., Time Span= 0.00-24.00 hrs, dt= 0.05 hrs
Type IA 24-hr WQ-Event Rainfall=2.09"
Area (ac) CN Description
21.770 98 Paved parking, HSG D
26.530 84 50-75% Grass cover, Fair, HSG D
48.300 90 Weighted Average
26.530 84 54.93% Pervious Area
21.770 98 45.07% Impervious Area
Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft)  (ft/sec) (cfs)
5.0 Direct Entry,
Subcatchment 1S: 1S
Hydrograph
cr | [T Runer
12,'(”1’”1”’1”""" 14.69cfs |
S @ TypelA24hr
13 ,,3,,,3,,J:,,;,,WQ-EvenLRamfall-IZ,DQ‘"
1 Wl  RunoffArea=48.300 ac
of | ] :EI]ﬁﬁIﬁﬁBun@,f,f,‘lgli[rﬁééi157,9,(,
g9 D e e e e R e f4~4~4~4~4~+~Runoff Depth>1 28:'——
-3 (N N S T R R L - o
N R ~ Tc=5.0min
41 PXz . CN=84/98
511 . . .4 R S S S S SO S S S
% N IR AR S N S AU R S SN S SR B N
q 0 | ez T s
O R S S S S S S S R B o 2% 7
1*11,‘,,lyllylylyllyllyllllllllll
B R R S S SR A S R e i

Time (hours)
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NS
GEOPACIFIC

Real-World Geotechnical Solutions
Investigation e Design e Construction Support

Preliminary Geotechnical Engineering Report

Camas Valley Estates
Project Information: GeoPacific Project No. 21-5741
March 8, 2021

22630 NE 28™ Street
Site Location: Camas, Washington 98607
Clark County Property No. 173157000

Lennar Northwest

Client: 11807 NE 99 Street, Suite 1179
Vancouver, Washington 98682
Phone: (360) 258-7889

14835 SW 72" Avenue Tel (503) 598-8445
Portland, Oregon 97224 Fax (503) 941-9281
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1.0 PROJECT INFORMATION

This report presents the results of a geotechnical engineering study conducted by GeoPacific
Engineering, Inc. (GeoPacific) for the above-referenced project. The purpose of our investigation
was to evaluate subsurface conditions at the site, assess potential geologic hazards at the property,
and to provide geotechnical recommendations for site development. This geotechnical study was
performed in accordance with GeoPacific Proposal No. P-7651, dated February 19, 2021, and your
subsequent authorization of our proposal and General Conditions for Geotechnical Services.

2.0 SITE AND PROJECT DESCRIPTION

As indicated on Figures 1 through 3 the subject site is located at 22630 NE 28" Street in Camas,
Washington, and consists of Clark County Property No. 173157000. The property is approximately
38.23-acres in size. The site is bordered by NE 28™ Street to the south, by Green Mountain to the
north, and by existing residential properties to the east, and west. The site latitude and longitude are
45.645846, -122.438997, and the legal description is the NE ¥4 of Section 21, T2N, R3E, Willamette
Meridian. Topography at the site is relatively level to moderately sloping to the south with site
elevations ranging from approximately 318 to 484 feet above mean sea level (amsl). Site gradients
range from approximately 0 to 25 percent with the steepest areas being located in the northern
portion of the property. An existing home with detached barns and sheds is present in the western-
central portion of the property, accessed via a gravel drive located along the western margin of the
site extending from NE 28™ Street. Vegetation at the site ranges from open grassy areas to areas
overgrown with blackberries, and some trees around the margins of the site. The site has been
regularly mowed and may have been used for agricultural purposes in the past.

As shown on Figure 3, GeoPacific understands that development at the site will consist of a 116-Lot
residential subdivision supporting construction of single-family homes, construction of new public
streets, stormwater facilities, and installation of new underground utilities. We anticipate that the
homes will be constructed with typical spread foundations and wood framing, with maximum
structural loading on column footings and continuous strip footings on the order of 10 to 35 kips, and
2 to 4 kips respectively. We anticipate maximum cuts and fills will be on the order of ten feet.

3.0 REGIONAL GEOLOGIC SETTING AND LANDSLIDE MAPPING

Regionally, the subject site lies within the Willamette Valley/Puget Sound lowland, a broad structural
depression situated between the Coast Range on the west and the Cascade Range on the east. A
series of discontinuous faults subdivide the Willamette Valley into a mosaic of fault-bounded,
structural blocks (Yeats et al., 1996). Uplifted structural blocks form bedrock highlands, while down-
warped structural blocks form sedimentary basins. The Geologic Map of the Lacamas Creek
Quadrangle, Clark County, Washington, (U.S. Department of the Interior, U.S. Geological Survey,
1998, Russell C. Evarts, 2006), indicates that the northern portion of the site located on Green
Mountain is underlain by late Miocene to earth Pliocene-aged massive to crudely stratified, pebbly
and cobbly conglomerate with sparse to abundant lenses of friable to lithified, arkosic to basaltic
sandstone, typically referred to as the Troutdale Formation (Ttfc). The geologic map indicates that
the southern portion of the site is underlain by early Pleistocene-aged unconsolidated to semi-
consolidated, thick-bedded, pebble to boulder conglomerate with matrix of volcanic lithic to
micaceous, quartzo-feldspathic sand (QTc). Clasts are largely comprised of volcanic rocks eroded
from the western Cascade Range and the Columbia River Basalt group.
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4.0 REGIONAL SEISMIC SETTING

At least four major fault zones capable of generating damaging earthquakes are thought to exist in
the vicinity of the subject site. These include the Lacamas Creek/Sandy River Fault Zone, the
Portland Hills Fault Zone, the Gales Creek-Newberg-Mt. Angel Structural Zone, and the Cascadia
Subduction Zone.

4.1 Lacamas Creek / Sandy River Fault Zone

The Lacamas Creek Fault intersects the northeast trending Sandy River Fault north of Camas,
Washington at Lacamas Lake, approximately 1 mile south of the subject site. The fault trace lies
approximately 0.25 miles west of the site. The Lacamas Creek Fault extends northwest to southeast,
intersecting the northeast, southwest trending Sandy River Fault. According to the USGS
Earthquake Hazards Program the fault has been mapped as a normal fault with down-to-the-
southwest displacement and has also been described as a steeply northeast or southwest-dipping,
oblique, right-lateral, slip-fault. The trace of the Lacamas Lake fault is marked by the very linear lower
reach of Lacamas Creek. No fault scarps on Quaternary surficial deposits have been described. The
Lacamas Lake fault offsets Pliocene-aged sedimentary conglomerates generally identified as the
Troutdale formation, and Pliocene to Pleistocene aged basalts generally identified as the Boring
Lava formation. Recent seismic reflection data across the probable trace of the fault under the
Columbia River yielded no unequivocal evidence of displacement underlying the Missoula flood
deposits, however, recorded mild seismic activity during the recent past indicates this area may be
potentially seismogenic.

4.2 Portland Hills Fault Zone

The Portland Hills Fault Zone is a series of NW-trending faults that include the central Portland Hills
Fault, the western Oatfield Fault, and the eastern East Bank Fault. These faults occur in a northwest-
trending zone that varies in width between 3.5 and 5.0 miles. The combined three faults reportedly
vertically displace the Columbia River Basalt by 1,130 feet and appear to control thickness changes
in late Pleistocene (approx. 780,000 years) sediment (Madin, 1990). The Portland Hills Fault occurs
along the Willamette River at the base of the Portland Hills, and is located approximately 15 miles
southwest of the site. The Oatfield Fault occurs along the western side of the Portland Hills, and is
located approximately 17 miles southwest of the site. The East Bank Fault occurs along the eastern
margin of the Willamette River, and is located approximately 12. miles southwest of the site. The
accuracy of the fault mapping is stated to be within 500 meters (Wong, et al., 2000).

According to the USGS Earthquake Hazards Program, the fault was originally mapped as a down-
to-the-northeast normal fault, but has also been mapped as part of a regional-scale zone of right-
lateral, oblique slip faults, and as a steep escarpment caused by asymmetrical folding above a south-
west dipping, blind thrust fault. The Portland Hills fault offsets Miocene Columbia River Basalts, and
Miocene to Pliocene sedimentary rocks of the Troutdale Formation. No fault scarps on surficial
Quaternary deposits have been described along the fault trace, and the fault is mapped as buried by
the Pleistocene aged Missoula flood deposits. No historical seismicity is correlated with the mapped
portion of the Portland Hills Fault Zone, but in 1991 a M3.5 earthquake occurred on a NW-trending
shear plane located 1.3 miles east of the fault (Yelin, 1992). Although there is no definitive evidence
of recent activity, the Portland Hills Fault Zone is assumed to be potentially active (Geomatrix
Consultants, 1995).
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4.3 Gales Creek-Newberg-Mt. Angel Structural Zone

The Gales Creek-Newberg-Mt. Angel Structural Zone is a 50-mile-long zone of discontinuous,
NW-trending faults that lies about 35 miles southwest of the subject site. These faults are recognized
in the subsurface by vertical separation of the Columbia River Basalt and offset seismic reflectors in
the overlying basin sediment (Yeats et al., 1996; Werner et al., 1992). A geologic reconnaissance
and photogeologic analysis study conducted for the Scoggins Dam site in the Tualatin Basin revealed
no evidence of deformed geomorphic surfaces along the structural zone (Unruh et al., 1994). No
seismicity has been recorded on the Gales Creek Fault or Newberg Fault (the fault closest to the
subject site); however, these faults are considered to be potentially active because they may connect
with the seismically active Mount Angel Fault and the rupture plane of the 1993 M5.6 Scotts Mills
earthquake (Werner et al. 1992; Geomatrix Consultants, 1995).

According to the USGS Earthquake Hazards Program, the Mount Angel fault is mapped as a high-
angle, reverse-oblique fault, which offsets Miocene rocks of the Columbia River Basalts, and
Miocene and Pliocene sedimentary rocks. The fault appears to have controlled emplacement of the
Frenchman Spring Member of the Wanapum Basalts, and thus must have a history that predates
the Miocene age of these rocks. No unequivocal evidence of deformation of Quaternary deposits
has been described, but a thick sequence of sediments deposited by the Missoula floods covers
much of the southern part of the fault trace.

4.4 Cascadia Subduction Zone

The Cascadia Subduction Zone is a 680-mile-long zone of active tectonic convergence where
oceanic crust of the Juan de Fuca Plate is subducting beneath the North American continent at a
rate of 4 cm per year (Goldfinger et al., 1996). A growing body of geologic evidence suggests that
prehistoric subduction zone earthquakes have occurred (Atwater, 1992; Carver, 1992; Peterson et
al., 1993; Geomatrix Consultants, 1995). This evidence includes: (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 event
occurring 300 years ago (Atwater, 1992; Carver, 1992; Peterson et al., 1993; Geomatrix Consultants,
1995). The inferred seismogenic portion of the plate interface lies approximately along the Oregon
Coast at depths of between 20 and 40 kilometers below the surface.

5.0 FIELD EXPLORATION AND SUBSURFACE CONDITIONS

Our subsurface explorations for this report were conducted on March 2, 2021. A total of ten test pits
(TP-1 through TP-10) were excavated at the site using a New Holland 11-88, rubber-tracked
excavator to a maximum depth of 13 feet bgs. Explorations were conducted under the full-time
observation of a GeoPacific geologist. During the explorations pertinent information including soil
sample depths, stratigraphy, soil engineering characteristics, and groundwater occurrence was
recorded. Soils were classified in accordance with the Unified Soil Classification System (USCS).
Soil samples obtained from the explorations were placed in relatively air-tight plastic bags. At the
completion of each test, the test pits were loosely backfilled with onsite soils. The approximate
locations of the explorations are indicated on Figures 2 and 3.
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It should be noted that exploration locations were located in the field by pacing or taping distances
from apparent property corners and other site features shown on the plans provided. As such, the
locations of the explorations should be considered approximate. Summary exploration logs are
attached. The stratigraphic contacts shown on the individual test pit logs represent the approximate
boundaries between soil types. The actual transitions may be more gradual. The soil and
groundwater conditions depicted are only for the specific dates and locations reported, and therefore,
are not necessarily representative of other locations and times. Soil and groundwater conditions
encountered in the explorations are summarized below.

5.1 Soil Descriptions

Topsoil: Vegetation at the site typically consists of grassy vegetation and blackberry growth. Sparse
trees are present along the property margins. The topsoil horizon typically ranged from approximately
6 to 8 inches in grassy areas, and up to 14 inches where blackberries are present, consisting of dark
brown or red brown, organic, Lean CLAY (OL-CL), containing fine roots. The depth of organic soils
will increase where trees are present.

Lean CLAY (CL): Below the topsoil within our test pits, soils typically consisted of light brown, brown,
or red brown, medium stiff to stiff, very moist to wet, low to moderately plastic, Lean CLAY (CL)
containing varying degrees of subrounded gravel to cobble-sized rock. The soil type was found to
be present in varying thicknesses and extending to varying depths across the site.

Clayey SAND (SC): At the locations of test pits TP-1 and TP-2, brown, orange, gray, and light gray,
medium dense, very moist to wet, low plasticity, Clayey SAND layers were encountered below the
Lean CLAY soil type at depths ranging from approximately 4.5 to 7 feet and extending to approximate
depths of 9 to 10 feet bgs.

Clayey GRAVEL (GC): At the locations of test pits TP-4, and TP-5, brown to gray, medium dense,
very moist to wet, low plasticity, Clayey GRAVEL containing subrounded gravel to cobble-sized rock
was encountered below the Lean CLAY soil type at depths ranging from approximately 4 to 7 feet
and extending to the maximum depth of exploration.

5.2 Shrink-Swell Potential

Low to moderately plasticity fine-grained and coarse-grained soils were encountered near the ground
surface within subsurface explorations conducted at the site. Based upon the results of our soils
laboratory testing and our local experience with the soil layers in the vicinity of the subject site, the
plasticity of the soils is low, and the shrink-swell potential of the soil types is considered to be low.
Special design measures are not considered necessary to minimize the risk of uncontrolled damage
of foundations as a result of potential soil expansion at this site.

5.3 Groundwater and Soil Moisture

On March 2, 2021 observed soil moisture conditions were generally very moist to wet. Shallow
perched groundwater seepage was observed within test pits TP-1, TP-2, TP-4, TP-5, TP-7, and
TP-10 at depths ranging from approximately 5 to 10 feet below the existing ground surface.
Moderately flowing static groundwater seepage was observed at a depth of approximately 7 feet
within test pit TP-9. It is anticipated that groundwater conditions will vary depending on the season,
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local subsurface conditions, changes in site utilization, and other factors. Perched groundwater may
be encountered in localized areas. Seeps and springs may exist in areas not explored and may
become evident during site grading.

6.0 PRELIMINARY STEEP SLOPE ASSESSMENT

We reviewed available topographic data, LIDAR imagery, and geologic mapping, and Clark County
Hazard mapping regarding potential geologic hazards associated with steep slope areas at the site.
Based on our review we understand that Clark County geologic hazard mapping indicates that the
site contains gradients ranging from level to maximum of 25 percent. The steepest portions of the
site are located in the northern portion of the property. Gradients decrease rapidly to the south, with
the approximate southern half of the property being relatively level or under 5 percent grade.

For the purpose of conducting a preliminary assessment of potential geologic hazards associated
with development on or near a steep slope area GeoPacific (1) reviewed of available literature and
published geologic mapping; (2) reviewed available LIDAR and landslide inventory mapping; (3)
conducted field reconnaissance and slope measurements, and (4) conducted shallow subsurface
exploration at the property consisting of excavator test pits. Quantitative slope stability modelling,
detailed landslide investigation is beyond the scope of this preliminary study. Based on our review
of the available public literature, no landslides have been identified to be present within or adjacent
to the property boundaries.

6.1 LiDAR Review

Published regional geologic mapping and the Washington State Department of Natural Resources
online LIDAR database show no mapped landslides at the subject site. We reviewed available LiDAR
imagery of the site which indicates relatively smooth, topography for the majority of the subject site.
The imagery does not indicate hummocky terrain or other typical features generally associated with
the presence of a landslide. The subject site is located within the yellow square in the LiDAR imagery
shown below.

W
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6.2 Field Reconnaissance Subsurface Exploration

A GeoPacific engineering geologist conducted field reconnaissance during our site investigation to
observe geomorphic features and surficial soil conditions, and to assess the development area for
evidence of potential slope instability. We did not observe geomorphic evidence of recent slope
instability such as exposed terrace scarps, or areas of recent erosion. No tension cracks, slumping,
or areas of recent landsliding were observed. Vegetation appeared to be native and undisturbed on
the slope. The trees were observed to be large and growing with straight trunks. In general, the site
displayed relatively smooth, even topography consistent with stable slope conditions.

We conducted subsurface exploration at the site consisting of ten excavator test pits. See Figures 2
and 3 for the approximate subsurface exploration locations, and the attached test pit logs for detail.
Native soils encountered within our subsurface explorations consisted of stiff clayey soil types, or
medium dense clayey gravels. Geologic mapping indicates the presence of conglomeritic bedrock
at depth. No evidence of slip planes or bedding planes was detected or observed during subsurface
exploration. Light groundwater seepage observed within some of our subsurface explorations which
extended to a maximum depth of 13 feet bgs. In general, the results of our field reconnaissance and
subsurface exploration indicated stable soil conditions within the proposed development area.

7.0 PRELIMINARY CONCLUSIONS AND RECOMMENDATIONS

Our site investigation indicates that the proposed construction appears to be geotechnically feasible,
provided that the recommendations of this report are incorporated into the design and construction
phases of the project. The primary geotechnical concerns associated with site development are:

e A grading plan review should be conducted by GeoPacific when site planning is completed,
and the findings and conclusions presented in this report should be updated to reflect the
proposed final grades.

e Shallow perched groundwater was observed in some of the test pits and may be encountered
in subsurface explorations during the wet season. Based on our observations we anticipate
the observed groundwater seepage to be reduced during dry summer months, however the
contractor should be prepared to utilize typical dewatering methods in trenches.

o Keyways, keying, and benching will be required for engineered fill placed in portions of the
site where slopes exceed 15 percent. At this time a grading plan is not available. The
earthworks contractor should work closely with GeoPacific during construction to properly
locate and construct keyways for engineered fill slopes.

7.1 Site Preparation Recommendations

Areas of proposed construction and areas to receive fill should be cleared of any organic and
inorganic debris, and loose stockpiled soils. Inorganic debris and organic materials from clearing
should be removed from the site. Organic-rich soils and root zones should then be stripped from
construction areas of the site or where engineered fill is to be placed. Depth of stripping of existing
organic topsoil is estimated to be approximately 8 to 14 inches at the site and will be deepest where
trees are present. Following removal of topsoil and undocumented fill soils, the existing ground
surface should be aerated, scarified and recompacted in areas proposed for placement of
engineered fill and structures.
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The final depth of soil removal should be determined by the geotechnical engineer or designated
representative during site inspection while stripping/excavation is being performed. Stripped topsoil
should be removed from areas proposed for placement of engineered fill and structures. Any
remaining topsoil should be stockpiled only in designated areas and stripping operations should be
observed and documented by the geotechnical engineer or his representative.

Where encountered, undocumented fills and any subsurface structures (dry wells, basements,
driveway and landscaping fill, old utility lines, septic leach fields, etc.) should be completely removed
and the excavations backfilled with engineered fill. Some of the undocumented fill soil may be
suitable for re-use as engineered fill.

Site earthwork may be impacted by wet weather conditions. Stabilization of subgrade soils may
require aeration and re-compaction. If subgrade soils are found to be difficult to stabilize, over-
excavation, placement of granular soils, or cement treatment of subgrade soils may be feasible
options. GeoPacific should be onsite to observe preparation of subgrade soil conditions prior to
placement of engineered fill.

7.2 Keyways, Benching, and Subdrains for Fill Slopes

Keying and benching will be required on this project where engineered fills are proposed on hillsides.
Engineered fill placed on existing sloped areas inclining at, or steeper than an approximately fifteen
percent grade should be constructed on a keyway and benches in accordance with the typical
designs shown in the attached Fill Slope Detail (Figure 4). Keyways should have a minimum depth
of three feet on the downhill size, and a minimum width of ten feet. Keyways should be excavated at
the toe of the fill slope and extend perpendicular to the downslope direction. Additional removal of
weakened or soft soils may be required depending on the conditions observed during construction.
Benches and keyways should be roughly horizontal in the down slope direction, by may slope up to
a 10 percent grade along a topographic contour. Keyways sloping more than a fifteen percent grade
along a topographic contour should be benched or configured as approved by the geotechnical
engineer or his designated representative. Actual determination and dimensions of keyways should
be decided once final planning is complete, and under the direction of the geotechnical engineer.

If groundwater seepage is observed during excavation, keyways should include a subdrain
consisting of a minimum 4-inch-diameter, ADS Heavy Duty Grade (or equivalent), perforated plastic
pipe enveloped in a minimum of 4 cubic feet per lineal foot of 2”- 4", open-graded gravel drain rock
wrapped with geotextile filter fabric (Mirafi 140N or equivalent). A minimum 0.5 percent gradient
should be maintained throughout all subdrain pipes and outlets. GeoPacific should inspect keyways,
subdrains and benching prior to fill placement. Subdrains may be eliminated at the discretion of the
geotechnical engineer.

7.3 Engineered Fill

We understand that cuts and fills are proposed on the order of 10 feet maximum, however a site
grading plan has not yet been prepared for this project. Where incorporated into the project, all
grading for the proposed construction should be performed as engineered grading in accordance
with the applicable building code at the time of construction with the exceptions and additions noted
herein. Site grading should be conducted in accordance with the requirements outlined in the 2018
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International Building Code (IBC), and Chapter 18 and Appendix J. Areas proposed for fill placement
should be prepared as described in Section 6.1, Site Preparation Recommendations, and Section
6.2, Keyways, Benching, and Subdrains for Fill Slopes. Surface soils should be aerated, scarified
and recompacted prior to placement of structural fill. Site preparation, soil stripping, and grading
activities should be observed and documented by a geotechnical engineer or his representative.
Proper test frequency and earthwork documentation usually requires daily observation and testing
during stripping, rough grading, and placement of engineered fill.

Onsite native soils appear to be suitable for use as engineered fill. Soils containing greater than 5
percent organic content should not be used as structural fill. Imported fill material must be approved
by the geotechnical engineer prior to being imported to the site. Oversize material greater than 6
inches in size should not be used within 3 feet of foundation footings, and material greater than 12
inches in diameter should not be used in engineered fill.

Engineered fill should be compacted in horizontal lifts not exceeding 12 inches using standard
compaction equipment. We recommend that engineered fill be compacted to at least 95 percent of
the maximum dry density determined by ASTM D698 (Standard Proctor) or equivalent. Soils should
be moisture conditioned to within two percent of optimum moisture. Field density testing should
conform to ASTM D2922 and D3017, or D1556. All engineered fill should be observed and tested by
the project geotechnical engineer or his representative. Typically, one density test is performed for
at least every 2 vertical feet of fill placed or every 500 yd?, whichever requires more testing. Because
testing is performed on an on-call basis, we recommend that the earthwork contractor be held
contractually responsible for test scheduling and frequency.

Site earthwork may be impacted by shallow groundwater, soil moisture and wet weather conditions.
Earthwork in wet weather would likely require extensive use of additional crushed aggregate, cement
or lime treatment, or other special measures, at considerable additional cost compared to earthwork
performed under dry-weather conditions.

7.4 Excavating Conditions and Utility Trench Backfill

We anticipate that onsite soils can generally be excavated using conventional heavy equipment.
Bedrock was not encountered within subsurface explorations which extended to a maximum depth
of approximately 13 feet bgs. Maintenance of safe working conditions, including temporary
excavation stability, is the responsibility of the contractor. Actual slope inclinations at the time of
construction should be determined based on safety requirements and actual soil and groundwater
conditions. All temporary cuts in excess of 4 feet in height should be sloped in accordance with U.S.
Occupational Safety and Health Administration (OSHA) regulations (29 CFR Part 1926) or be
shored. The existing native soils to a depth of approximately 13 feet bgs classify as Type B Soil and
temporary excavation side slope inclinations as steep as 1H:1V may be assumed for planning
purposes. These cut slope inclinations are applicable to excavations above the water table only.

Shallow, perched groundwater may be encountered at the site and should be anticipated in
excavations and utility trenches. Vibrations created by traffic and construction equipment may cause
some caving and raveling of excavation walls. In such an event, lateral support for the excavation
walls should be provided by the contractor to prevent loss of ground support and possible distress
to existing or previously constructed structural improvements.
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Underground utility pipes should be installed in accordance with the procedures specified in ASTM
D2321 and City of Camas standards. We recommend that structural trench backfill be compacted to
at least 95 percent of the maximum dry density obtained by the Modified Proctor (ASTM D1557,
AASHTO T-180) or equivalent. Initial backfill lift thicknesses for a %4”-0 crushed aggregate base may
need to be as great as 4 feet to reduce the risk of flattening underlying flexible pipe. Subsequent lift
thickness should not exceed 1 foot. If imported granular fill material is used, then the lifts for large
vibrating plate-compaction equipment (e.g. hoe compactor attachments) may be up to 2 feet,
provided that proper compaction is being achieved and each lift is tested. Use of large vibrating
compaction equipment should be carefully monitored near existing structures and improvements due
to the potential for vibration-induced damage.

Adequate density testing should be performed during construction to verify that the recommended
relative compaction is achieved. Typically, at least one density test is taken for every 4 vertical feet
of backfill on each 100-lineal-foot section of trench.

7.5 Erosion Control Considerations

During our field exploration program, we did not observe soil and topographic conditions which are
considered highly susceptible to erosion. In our opinion, the primary concern regarding erosion
potential will occur during construction in areas that have been stripped of vegetation. Erosion at the
site during construction can be minimized by implementing the project erosion control plan, which
should include judicious use of straw waddles, fiber rolls, and silt fences. If used, these erosion
control devices should remain in place throughout site preparation and construction.

Erosion and sedimentation of exposed soils can also be minimized by quickly re-vegetating exposed
areas of soil, and by staging construction such that large areas of the project site are not denuded
and exposed at the same time. Areas of exposed soil requiring immediate and/or temporary
protection against exposure should be covered with either mulch or erosion control netting/blankets.
Areas of exposed soil requiring permanent stabilization should be seeded with an approved grass
seed mixture, or hydroseeded with an approved seed-mulch-fertilizer mixture.

7.6 Wet Weather Earthwork

Soils underlying the site are likely to be moisture sensitive and will be difficult to handle or traverse
with construction equipment during periods of wet weather. Earthwork is typically most economical
when performed under dry weather conditions. Earthwork performed during the wet-weather season
will require expensive measures such as cement treatment or imported granular material to compact
areas where fill may be proposed to the recommended engineering specifications. If earthwork is to
be performed or fill is to be placed in wet weather or under wet conditions when soil moisture content
is difficult to control, the following recommendations should be incorporated into the contract
specifications.

o Earthwork should be performed in small areas to minimize exposure to wet weather.
Excavation or the removal of unsuitable soils should be followed promptly by the placement
and compaction of clean engineered fill. The size and type of construction equipment used
may have to be limited to prevent soil disturbance. Under some circumstances, it may be
necessary to excavate soils with a backhoe to minimize subgrade disturbance caused by
equipment traffic;

21-5741, Camas Valley Estates Preliminary GRPT 9 GE D p n E I F I E
Version 1.0, March 8, 2021



Exhibit 5

Preliminary Geotechnical Engineering Report
Project No. 21-5741, Camas Valley Estates, Camas, Washington

e The ground surface within the construction area should be graded to promote run-off of
surface water and to prevent the ponding of water;

o Material used as engineered fill should consist of clean, granular soil containing less than 5
percent passing the No. 200 sieve. The fines should be non-plastic. Alternatively, cement
treatment of on-site soils may be performed to facilitate wet weather placement;

e The ground surface within the construction area should be sealed by a smooth drum vibratory
roller, or equivalent, and under no circumstances should be left uncompacted and exposed
to moisture. Soils which become too wet for compaction should be removed and replaced
with clean granular materials;

e Excavation and placement of fill should be observed by the geotechnical engineer to verify
that all unsuitable materials are removed and suitable compaction and site drainage is
achieved; and

o Geotextile silt fences, straw waddles, and fiber rolls should be strategically located to control
erosion.

If cement or lime treatment is used to facilitate wet weather construction, GeoPacific should be
contacted to provide additional recommendations and field monitoring.

7.7 Spread Foundations

As shown on Figure 3, GeoPacific understands that development at the site will consist of a 116-Lot
residential subdivision supporting construction of single-family homes. We anticipate that the homes
will be constructed with typical spread foundations and wood framing, with maximum structural
loading on column footings and continuous strip footings on the order of 10 to 35 kips, and 2 to 4
kips respectively. We anticipate maximum cuts and fills will be on the order of ten feet.

The proposed structures may be supported on shallow foundations bearing on stiff, native soils
and/or engineered fill, appropriately designed and constructed as recommended in this report.
Foundation design, construction, and setback requirements should conform to the applicable
building code at the time of construction. For maximization of bearing strength and protection against
frost heave, spread footings should be embedded at a minimum depth of 12 inches below exterior
grade. If soft soil conditions are encountered at footing subgrade elevation, they should be removed
and replaced with compacted crushed aggregate.

The anticipated allowable soil bearing pressure is 1,500 Ibs/ft? for footings bearing on competent,
native soil and/or engineered fill. The recommended maximum allowable bearing pressure may be
increased by 1/3 for short-term transient conditions such as wind and seismic loading. For loads
heavier than 35 kips, the geotechnical engineer should be consulted. If heavier loads than described
above are proposed, it may be necessary to over-excavate point load areas and replace with
additional compacted crushed aggregate to achieve a higher allowable bearing capacity. The
coefficient of friction between on-site soil and poured-in-place concrete may be taken as 0.42, which
includes no factor of safety. The maximum anticipated total and differential footing movements
(generally from soil expansion and/or settlement) are 1 inch and % inch over a span of 20 feet,
respectively. We anticipate that the majority of the estimated settlement will occur during
construction, as loads are applied. Excavations near structural footings should not extend within a
1H:1V plane projected downward from the bottom edge of footings.
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Footing excavations should penetrate through topsoil and any disturbed soil to competent subgrade
that is suitable for bearing support. All footing excavations should be trimmed neat, and all loose or
softened soil should be removed from the excavation bottom prior to placing reinforcing steel bars.
Due to the moisture sensitivity of on-site native soils, foundations constructed during the wet weather
season may require over-excavation of footings and backfill with compacted, crushed aggregate.

Our recommendations are for residential construction incorporating raised wood floors and
conventional spread footing foundations. After site development, a Final Soil Engineer's Report
should either confirm or modify the above recommendations.

7.8 Concrete Slabs-on-Grade

Preparation of areas beneath concrete slab-on-grade floors should be performed as described in
Section 6.1, Site Preparation Recommendations and Section 6.7, Spread Foundations. Care should
be taken during excavation for foundations and floor slabs, to avoid disturbing subgrade soils. If
subgrade soils have been adversely impacted by wet weather or otherwise disturbed, the surficial
soils should be scarified to a minimum depth of 8 inches, moisture conditioned to within about 3
percent of optimum moisture content and compacted to engineered fill specifications. Alternatively,
disturbed soils may be removed and the removal zone backfilled with additional crushed rock.

For evaluation of the concrete slab-on-grade floors using the beam on elastic foundation method, a
modulus of subgrade reaction of 150 kcf (87 pci) should be assumed for the stiff, fine -grained soils
anticipated to be present at foundation subgrade elevation following adequate site preparation as
described above. This value assumes the concrete slab system is designed and constructed as
recommended herein, with a minimum thickness of 8 inches of 1'2’-0 crushed aggregate beneath
the slab. The total thickness of crushed aggregate will be dependent on the subgrade conditions at
the time of construction and should be verified visually by proof-rolling. Under-slab aggregate should
be compacted to at least 95 percent of its maximum dry density as determined by ASTM D1557
(Modified Proctor) or equivalent.

In areas where moisture will be detrimental to floor coverings or equipment inside the proposed
structure, appropriate vapor barrier and damp-proofing measures should be implemented. A
commonly applied vapor barrier system consists of a 10-mil polyethylene vapor barrier placed
directly over the capillary break material. Other damp/vapor barrier systems may also be feasible.
Appropriate design professionals should be consulted regarding vapor barrier and damp proofing
systems, ventilation, building material selection and mold prevention issues, which are outside
GeoPacific’s area of expertise.

7.9 Footing and Roof Drains

Construction should include typical measures for controlling subsurface water beneath the structure,
including positive crawlspace drainage to an adequate low-point drain exiting the foundation,
visqueen covering the expose ground in the crawlspace, and crawlspace ventilation (foundation
vents). The client should be informed and educated that some slow flowing water in the crawlspaces
is considered normal and not necessarily detrimental to the home given these other design elements
incorporated into its construction. Appropriate design professionals should be consulting regarding
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crawlspace ventilation, building material selection and mold prevention issues, which are outside
GeoPacific's area of expertise.

Down spouts and roof drains should collect roof water in a system separate from the footing drains
to reduce the potential for clogging. Roof drain water should be directed to an appropriate discharge
point and storm system well away from structural foundations. Grades should be sloped downward
and away from buildings to reduce the potential for ponded water near structures. If the proposed
structure will have a raised floor, and no concrete slab-on-grade floors are used, perimeter footing
drains may be eliminated at the discretion of the geotechnical engineer based on soil conditions
encountered at the site and experience with standard local construction practices. Where it is desired
to reduce the potential for moist crawl spaces, footing drains may be installed.

If concrete slab-on-grade floors are used in living spaces, perimeter footing drains should be installed
as recommended below. Concrete slab-on-grade garage floors are not considered living spaces
and would not require perimeter footing drains unless the geotechnical engineer or builder deems it
necessary.

Where necessary, perimeter footing drains should consist of 3 or 4-inch diameter, perforated plastic
pipe embedded in a minimum of 1 ft2 per lineal foot of clean, free-draining drain rock. The drain pipe
and surrounding drain rock should be wrapped in non-woven geotextile (Mirafi 140N, or approved
equivalent) to minimize the potential for clogging and/or ground loss due to piping. A minimum 0.5
percent fall should be maintained throughout the drain and non-perforated pipe outlet. Figure 5
presents a typical perimeter footing drain detail. In our opinion, footing drains may outlet at the curb,
or on the back sides of lots where sufficient fall is not available to allow drainage to meet the street.

7.10 Permanent Below-Grade Walls

Lateral earth pressures against below-grade retaining walls will depend upon the inclination of any
adjacent slopes, type of backfill, degree of wall restraint, method of backfill placement, degree of
backfill compaction, drainage provisions, and magnitude and location of any adjacent surcharge
loads. At-rest soil pressure is exerted on a retaining wall when it is restrained against rotation. In
contrast, active soil pressure will be exerted on a wall if its top is allowed to rotate or yield a distance
of roughly 0.001 times its height or greater.

If the subject retaining walls will be free to rotate at the top, they should be designed for an active
earth pressure equivalent to that generated by a fluid weighing 35 pcf for level backfill against the
wall. For restrained wall, an at-rest equivalent fluid pressure of 52 pcf should be used in design,
again assuming level backfill against the wall. These values assume that the recommended drainage
provisions are incorporated, and hydrostatic pressures are not allowed to develop against the wall.

During a seismic event, lateral earth pressures acting on below-grade structural walls will increase
by an incremental amount that corresponds to the earthquake loading. Based on the
Mononobe-Okabe equation and peak horizontal accelerations appropriate for the site location,
seismic loading should be modeled using the active or at-rest earth pressures recommended above,
plus an incremental rectangular-shaped seismic load of magnitude 6.5H, where H is the total height
of the wall.
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We assume relatively level ground surface below the base of the walls. As such, we recommend a
passive earth pressure of 320 pcf for use in design, assuming wall footings are cast against
competent native soils or engineered fill. If the ground surface slopes down and away from the base
of any of the walls, a lower passive earth pressure should be used and GeoPacific should be
contacted for additional recommendations.

A coefficient of friction of 0.42 may be assumed along the interface between the base of the wall
footing and subgrade soils. The recommended coefficient of friction and passive earth pressure
values do not include a safety factor, and an appropriate safety factor should be included in design.
The upper 12 inches of soil should be neglected in passive pressure computations unless it is
protected by pavement or slabs on grade.

The above recommendations for lateral earth pressures assume that the backfill behind the
subsurface walls will consist of properly compacted structural fill, and no adjacent surcharge loading.
If the walls will be subjected to the influence of surcharge loading within a horizontal distance equal
to or less than the height of the wall, the walls should be designed for the additional horizontal
pressure. For uniform surcharge pressures, a uniformly distributed lateral pressure of 0.3 times the
surcharge pressure should be added. Traffic surcharges may be estimated using an additional
vertical load of 250 psf (2 feet of additional fill), in accordance with local practice.

The recommended equivalent fluid densities assume a free-draining condition behind the walls so
that hydrostatic pressures do not build-up. This can be accomplished by placing a 12 to 18-inch wide
zone of sand and gravel containing less than 5 percent passing the No. 200 sieve against the walls.
A 3-inch minimum diameter perforated, plastic drain-pipe should be installed at the base of the walls
and connected to a suitable discharge point to remove water in this zone of sand and gravel. The
drain-pipe should be wrapped in filter fabric (Mirafi 140N or other as approved by the geotechnical
engineer) to minimize clogging.

Wall drains are recommended to prevent detrimental effects of surface water runoff on foundations
— not to dewater groundwater. Drains should not be expected to eliminate all potential sources of
water entering a basement or beneath a slab-on-grade. An adequate grade to a low point outlet drain
in the crawlspace is required by code. Underslab drains are sometimes added beneath the slab
when placed over soils of low permeability and shallow, perched groundwater.

Water collected from the wall drains should be directed into the local storm drain system or other
suitable outlet. A minimum 0.5 percent fall should be maintained throughout the drain and
non-perforated pipe outlet. Down spouts and roof drains should not be connected to the wall drains
in order to reduce the potential for clogging. The drains should include clean-outs to allow periodic
maintenance and inspection. Grades around the proposed structure should be sloped such that
surface water drains away from the building.

GeoPacific should be contacted during construction to verify subgrade strength in wall keyway

excavations, to verify that backslope soils are in accordance with our assumptions, and to take
density tests on the wall backfill materials.
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Structures should be located a horizontal distance of at least 1.5H away from the back of the retaining
wall, where H is the total height of the wall. GeoPacific should be contacted for additional foundation
recommendations where structures are located closer than 1.5H to the top of any wall.

8.0 SEISMIC DESIGN

Available geologic data indicates that the site is in an area where very strong ground shaking is
anticipated during an earthquake. Structures should be designed to resist earthquake loading in
accordance with the methodology described in the 2015 International Building Code (IBC) with
applicable State of Washington Building Code revisions (current 2015). We recommend Site Class
C be used for design as defined in ASCE 7-16, Chapter 20, and Table 20.3-1. Design values
determined for the site using the ATC Hazards by Location 2021 Seismic Design Maps Summary
Report are summarized in Table 1 and are based upon observed existing soil conditions.

Table 1: Recommended Earthquake Ground Motion Parameters (ASCE-7-16)

Parameter Value
Location (Lat, Long), degrees 45.645, -122.439
Probabilistic Ground Motion Values,
2% Probability of Exceedance in 50 yrs
Peak Ground Acceleration PGAwm 0.423 g
Short Period, Ss 0.787 g
1.0 Sec Period, S: 0.348 g
Soil Factors for Site Class C:
Fa 12
Fv 15
SDs = 2/3 x Fax Ss 0.63 g
SD1=2/3XxFy X S1 0.348 g
Seismic Design Category D

8.1 Soil Liquefaction

Soil liquefaction is a phenomenon wherein saturated soil deposits temporarily lose strength and
behave as a liquid in response to ground shaking caused by strong earthquakes. Soil liqguefaction is
generally limited to loose, sands and granular soils located below the water table, and fine-grained
soils with a plasticity index less than 15. According to Clark County Maps Online, the site is mapped
as very low susceptibility for liquefaction. Based upon the results of our study, it is our opinion that
the risk of soil liquefaction during a seismic event at the subject site should be considered to be low.
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9.0 UNCERTAINTIES AND LIMITATIONS

We have prepared this report for the owner and their consultants for use in design of this project
only. This report should be provided in its entirety to prospective contractors for bidding and
estimating purposes; however, the conclusions and interpretations presented in this report should
not be construed as a warranty of the subsurface conditions. Experience has shown that soil and
groundwater conditions can vary significantly over small distances. Inconsistent conditions can occur
between explorations that may not be detected by a geotechnical study. If, during future site
operations, subsurface conditions are encountered which vary appreciably from those described
herein, GeoPacific should be notified for review of the recommendations of this report, and revision
of such if necessary.

Sufficient geotechnical monitoring, testing and consultation should be provided during construction
to confirm that the conditions encountered are consistent with those indicated by explorations. The
checklist attached to this report outlines recommended geotechnical observations and testing for the
project. Recommendations for design changes will be provided should conditions revealed during
construction differ from those anticipated, and to verify that the geotechnical aspects of construction
comply with the contract plans and specifications.

Within the limitations of scope, schedule and budget, GeoPacific attempted to execute these services
in accordance with generally accepted professional principles and practices in the fields of
geotechnical engineering and engineering geology at the time the report was prepared. No warranty,
expressed or implied, is made. The scope of our work did not include environmental assessments
or evaluations regarding the presence or absence of wetlands or hazardous or toxic substances in
the soil, surface water, or groundwater at this site.

We appreciate this opportunity to be of service.

Sincerely,

GEOPACIFIC ENGINEERING, INC.

BENJAMIN L COOK
Benjamin L. Cook, L.G. James D. Imbrie, P.E.
Associate Geologist Principal Geotechnical Engineer
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CHECKLIST OF RECOMMENDED GEOTECHNICAL TESTING AND OBSERVATION

Exhibit 5

I;[\Ieom Procedure Timing By Whom Done
Prior to beginning site Contractor, Developer,
1 Preconstruction meeting wgrk 9 Civil and Geotechnical
Engineers
> Fill removal from site or Prior to mass strippin Soil Technician/
sorting and stockpiling bpIng Geotechnical Engineer
Stripping, aeration, and root- . oo . .
3 picking operations During stripping Soil Technician
Compaction testing of -
4 engineered fill (95% of E\lljélrngzﬂ\lll'er:%&;ﬁéee? Soil Technician
Standard Proctor) y
; During Foundation
5 COmFO;CQ%?I?QHSOSA)ug?Eg;ﬁe d Preparation, Prior to Soil Technician/
P Placement of Geotechnical Engineer
Proctor) . .
Reinforcing Steel
Compaction testing of trench te?c:(rjmegvgaczfil/lcle?gr’:al
6 backfill (95% of Modified ry Soil Technician
feet for every 200
Proctor) .
linear feet
Street Subgrade Inspection Prior to placing base . -
! (95% of Standard Proctor) course Soil Technician
Base course compaction Prior to paving, tested . .
8 (95% of Modified Proctor) every 200 linear feet Soil Technician
Asphalt Compaction During paving, tested . .
9 (92% Rice Value) every 100 linear feet Soil Technician
10 Final Geotegl;ngg?tl Engineer's Completion of project Geotechnical Engineer
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TYPICAL KEYWAY, BENCHING & FILL SLOPE DETAIL

3-Foot Horizontal Overbuild

Final Fill Slope Face (2H:1V max.)

A

Original Ground

Native

Native

@)
Benching y
N H (10-15 ft min.) ’|
: - See Fig 4
Subdrain (may be eliminated at
discretion of geotechnical engineer) Estimated 3-5 Ft
(To be verified
by geologist.)

Recommended subdrain is minimum 3-inch-diameter ADS Heavy Duty grade (or
equivalent), perforated plastic pipe enveloped in a minimum of 3 cubic feet per lineal foot
of 2" to 1/2" open-graded gravel drain rock wrapped with geotextile filter fabric

(Mirafi 140N or equivalent).
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FOOTING BACKFILL ZONE NATIVE SOIL

FOOTING

%
NON-WOVEN GEOTEXTILE FABRIC

PERFORATED OR SLOTTED 3-INCH, FREE DRAINING, OPEN GRADED  MIRAFI 140N or EQUIVALENT

FLEXIBLE PLASTIC PIPE 11/2"-3/4" DRAIN ROCK
Notes:
1) Drain rock should contain no more than 5 percent fines passing the U.S. No. 200 Sieve. Date:3/4/2021
2) Trench bottom and drain pipe should be sloped to drain to approved discharge location. Drawn by: BLC
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O TOPSOIL. Blackberry growth. Dark brown, organic, Lean CLAY, with roots
] extending to approximately 14 inches bgs.
-1 1.5
o Lean CLAY (CL), brown, medium stiff, very moist, containing minor
2— 25 amounts of subrounded gravel to cobble-sized rock, low to moderate
_| S plasticity.
330 0004
4— 3.0
B Clayey SAND (SC), brown/orange/gray, with light gray seams, medium |
5] dense, very moist, containing fine to medium-sized sand, and displaying
7 oy minor lamination, low to moderate plasticity.
6* 100 to
1,000 g
7
87
9 oo ] | Pt e
1188309 Lean CLAY (CL), brown, stiff, wet, containing minor amounts of

\
—
o

subrounded gravel to cobble-sized rock, low to moderate plasticity.

T
Nh

Test pit terminated at 10.5 feet bgs.

1 Light groundwater seepage observed at 10 feet bgs.

12: Excavator: New Holland 11-88 Tracked Excavator

15

14:

15:

16 |

7

LEGEND
. ‘ V Date Excavated: 3/2/2021
00 ddod g ';' Logged By: B. Cook

/ = .
Surface Elevation: 410 Feet
Bag Sample Bucket Sample Shelby Tube Sample  Seepage  Water Bearing Zone Water Level at Abandonment
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Y\ 14835 SW 72nd Avenue
GeoPAacific Portland, Oregon 97224 TEST PIT LOG
Tel: (503) 598-8445 Fax: (503) 941-9281
Project: Camas Valley Estates Proi ,
\ r No. 21-5741 Test Pit No. -
Camas, Washington oject No S est Pit No. TP-2
—_ E’ ] . g |o Q 2
S (955565 2 [£95| 22 |2 g Material Description
(= GC.) R ol Rt & N =0 8
o %) o o
O TOPSOIL. Blackberry growth. Dark brown, organic, Lean CLAY, with roots
] extending to approximately 14 inches bgs.
-1 15
N Lean CLAY (CL), brown, medium stiff, very moist to wet, containing minor
2— 25 amounts of subrounded gravel to cobble-sized rock, low to moderate
| s plasticity.
3-1 25 0009
4— 2.5
. 5
5] v
B % Light perched groundwater seeps observed piping on sides of test pit
61 5 %
7— / ______________________________________
] / Clayey SAND (SC), brown/orange/gray, with light gray seams, medium
/ dense, very moist to wet, containing fine to medium-sized sand, and
8 / displaying minor lamination, low to moderate plasticity.
9 %
N 1,000 g /
10 % Lean EEA_Y_(C_LT, BrSVVn,_s_tif_f, ;e_ry_nToi_st_to_ vVeT, Eo_nt_aiﬁiﬁg_rﬁn_or_ amounts |
N / of subrounded gravel to cobble-sized rock, low to moderate plasticity.
11— /
2] %
. %
N Test pit terminated at 13 feet bgs.
Light groundwater seepage observed at 5 feet bgs.
14+ Excavator: New Holland 11-88 Tracked Excavator
15—
16—
17—
LEGEND
‘ V Date Excavated: 3/2/2021
4 Logged By: B. Cook
o I L
- Surface Elevation: 444 Feet
Bag Sample Bucket Sample Shelby Tube Sample ~ Seepage  Water Bearing Zone Water Level at Abandonment
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Y\ 14835 SW 72nd Avenue
e0PACIfIC Portland, Oregon 97224
Tel: (503) 598-8445 Fax: (503) 941-0281

TEST PIT LOG

Project: Camas Valley Estates

Project No. 21-5741

Test Pit No. TP-3

Camas, Washington

o [} — )
g loso o S 2o oX 5
= [255|885| & [4%8 2z |ES : .
21855 555 2 [£s0|8E |5€ Material Description
a &7 = s | =3 8
o (2] om
TOPSOIL. Grassy area growth. Red brown, organic, Lean CLAY, with
N roots extending to approximately 8 inchesbgs. _ _ _ _ _ _ _ __ ___ _]
1-115 Lean CLAY (CL), reddish brown, medium stiff, very moist, containing minor
— amounts of subrounded gravel to cobble-sized rock, low to moderate
2115 plasticity.
3+ 20 1188309 ——————————————————————————————————————
H ’ Lean CLAY (CL), light brown, medium stiff to stiff, very moist, low to
moderate plasticity.
4 25
57
6 R
7* ———————————————————'_: _____ ._ ____________
N Sandy Lean CLAY (CL), gray brown, stiff, very moist, low to moderate
plasticity.
87
9
1,000 ¢
107 Lean CLAY (CL), brown, stiff, very moist, containing minor amounts of |
N subrounded gravel to cobble-sized rock, low to moderate plasticity.
11
| Test pit terminated at 11 feet bgs.
No groundwater seepage observed.
12+ Excavator: New Holland 11-88 Tracked Excavator
13
14—
15—
16—
17—
LEGEND
‘ V Date Excavated: 3/2/2021
4 Logged By: B. Cook
11,8859 ddd é -%- g9 y

Bag Sample Bucket Sample

Shelby Tube Sample

Seepage

Surface Elevation: 351 Feet

Water Bearing Zone Water Level at Abandonment
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Y\ 14835 SW 72nd Avenue
GeoPAacific Portland, Oregon 97224 TEST PIT LOG
Tel: (503) 598-8445 Fax: (503) 941-9281
Project: Camas Valley Estates Proi ,
\ r No. 21-5741 Test Pit No. -
Camas, Washington oject No. 21-5 est Pit No. TP-4
—_ E’ ] . g |o Q 2
S 855|565 & |Cs5| 22 |2E Material Description
(= GC.) R ol Rt & N =0 8
o %) © o
TOPSOIL. Grassy area growth. Red brown, organic, Lean CLAY, with
n roots extending to approximately_ 8_in_cne_s l_)g_s._ ______________
17115 Lean CLAY (CL), red brown, medium stiff, very moist to wet, containing
] minor amounts of subrounded gravel to cobble-sized rock, low to moderate
24 25 plasticity.
3251 | | | | beemmme e ]
N Lean CLAY (CL), light brown to gray, medium stiff to stiff, very moist to wet,
low to moderate plasticity.
4 25
] 5
5 v
N % Light perched groundwater seeps observed piping on sides of test pit
6 %
7| / ______________________________________
N / Clayey GRAVEL (GC), brown/gray, medium dense, very moist to wet,
/ containing subrounded gravel to cobble-sized rock, low plasticity.
8— /
9— %
10 %
" %
” %
N Test pit terminated at 12 feet bgs.
Light groundwater seepage observed at 5 feet bgs.
137 Excavator: New Holland 11-88 Tracked Excavator
14—
15—
16—
17—
LEGEND
‘ V Date Excavated: 3/2/2021
4 Logged By: B. Cook
11,8839 ddd é g g9 y |
- Surface Elevation: 382 Feet
Bag Sample Bucket Sample Shelby Tube Sample ~ Seepage  Water Bearing Zone Water Level at Abandonment
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14835 SW 72nd Avenue

I\
GeoPAacific Portland, Oregon 97224

Tel: (503) 598-8445 Fax: (503) 941-9281

TEST PIT LOG

Project: Camas Valley Estates
Camas, Washington

Project No. 21-5741

Test Pit No. TP-5

— § § o ° < %
£ [wog|e o o e |
= |265|58% b |2R %22 |8 . .
s 955|555 2 |Se0|2E |5 Material Description
a 5= = s IR 8 o
o (2] om
TOPSOIL. Grassy area growth. Red brown, organic, Lean CLAY, with
] roots extending to approximately_ 8_in_cne_s Eg_s._ ______________
17115 Lean CLAY (CL), red brown, medium stiff, very moist to wet, containing
] minor amounts of subrounded gravel to cobble-sized rock, low to moderate
2— 25 plasticity.
3 25
425, ( ! ! ! .-
—] 5 [Clayey GRAVEL (GC), brown/gray, medium dense, very moist to wet,
5— _¥_|containing subrounded gravel to cobble-sized rock, low plasticity.
| % Light perched groundwater seeps observed piping on sides of test pit
6— %
7— %
8| %
9 %
" %
O Test pit terminated at 10 feet bgs.
Light groundwater seepage observed at 5 feet bgs.
11 Excavator: New Holland 11-88 Tracked Excavator
12—
13—
14—
15—
16—
17—
LEGEND
‘ V Date Excavated: 3/2/2021
4 Logged By: B. Cook
11,8839 ddd é -%- g9 y

Bag Sample Bucket Sample Shelby Tube Sample

Seepage  Water Bearing Zone Water Level at Abandonment

Surface Elevation: 386 Feet
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Y\ 14835 SW 72nd Avenue
GeoPAacific Portland, Oregon 97224 TEST PIT LOG
Tel: (503) 598-8445 Fax: (503) 941-9281
Project: Camas Valley Estates Project No. 21-5741 | Test Pit No. TP-6
Camas, Washington
£ | %{\T‘ Y § 2o ) g %
“ |logg|lcge|l F |29 52 |gN
£ |5g2|%292| @ |8Y3|G5 |52 Material D ipti
5 |855|565| & [fsa|sd|sE aterial Description
(= GC.) R ol Rt & N =0 8
o %) o o
TOPSOIL. Grassy area growth. Red brown, organic, Lean CLAY, with
N roots extending to approximately 8 inches bgs.
17115 Lean CLAY (CL), red brown, medium stiff to stiff, very moist, low to
] moderate plasticity.
2 3.5
3— 3.5
4435, ( ! ! ! .-
—] Lean CLAY (CL), brown, medium stiff to stiff, very moist, containing minor
5 amounts of subrounded gravel to cobble-sized rock, low to moderate
O plasticity.
67
71 ! !l ] e ]
N Lean CLAY (CL), light brown to gray, stiff, very moist to wet, low to
moderate plasticity.
87
9
1,000 g
10—
11 X ,
O Test pit terminated at 11 feet bgs.
No groundwater seepage observed.
12 Excavator: New Holland 11-88 Tracked Excavator
13—
14—
15—
16—
17—
LEGEND
‘ V Date Excavated: 3/2/2021
4 Logged By: B. Cook
o I L
- Surface Elevation: 322 Feet
Bag Sample Bucket Sample Shelby Tube Sample ~ Seepage  Water Bearing Zone Water Level at Abandonment
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14835 SW 72nd Avenue

Gﬁ\él\:iﬁc Portland, O 97224
ortland, Oregon
Tel: (503) 598-8445 Fax:

TEST PIT LOG

(503) 941-9281

Project: Camas Valley Estates
Camas, Washington

Project No. 21-5741

Test Pit No. TP-7

5 o ~| @
e loBlo. o 5120 [o8|_5
= |geg|lc | F 299 52 |gN
£ |$oa|%0a| © |oN 2|5 o
2 |8sclccc| 5 | S22 20 |8c
o |2eg|long|l £ 22028 E |=<
a i L I~ <Z |23 s

o w O m

Material Description

2— 25
3— 3.0
4— 3.5

Ay«

TOPSOIL. Grassy area growth. Red brown, organic, Lean CLAY, with
N roots extending to approximately 8 inches bgs.

17115 Lean CLAY (CL), red brown, medium stiff to stiff, very moist, low to
] moderate plasticity.

Lean CLAY (CL), brown, medium stiff to stiff, very moist, containing minor
amounts of subrounded gravel to cobble-sized rock, low to moderate
plasticity.

Test pit terminated at 10 feet bgs.

Light groundwater seepage observed at 5 feet bgs.
Excavator: New Holland 11-88 Tracked Excavator

LEGEND

7

100 to
1,000 g

B 9 T

Bag Sample Bucket Sample Shelby Tube Sample ~ Seepage  Water Bearing Zone Water Level at Abandonment

Date Excavated: 3/2/2021
Logged By: B. Cook
Surface Elevation: 350 Feet
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14835 SW 72nd Avenue

Gﬁ\él\:iﬁc Portland, O 97224
ortland, Oregon
Tel: (503) 598-8445 Fax:

TEST PIT LOG

(503) 941-9281

Project: Camas Valley Estates
Camas, Washington

Project No. 21-5741

Test Pit No. TP-8

— E’ 2 |lo < 2
=] —_ 05 o o > c o [ORD (@]
- |55 L |2Rg 2= &
5 |lgs2 2 3 Y B H inti
51855 E"’ 5| & [fsal8 2 S € Material Description
o [ s | 8 o
o (2] om
TOPSOIL. Grassy area growth. Red brown, organic, Lean CLAY, with
] roots extending to approximately 8 inches bgs.
17115 Lean CLAY (CL), red brown, medium stiff, very moist, low to moderate
] plasticity.
24 1.5
3 2.0
4—30 ¢ ( ! ! ! .-
-] Lean CLAY (CL), gray, stiff, very moist, low to moderate plasticity.
57
67
- 1 1 1 | | lIeeeeeee e e —
_| Lean CLAY (CL), tan, stiff, very moist, low to moderate plasticity.
87
97
10 Test pit terminated at 10 feet bgs.
] No groundwater seepage observed.
11— Excavator: New Holland 11-88 Tracked Excavator
12—
13—
14—
15—
16—
17—
LEGEND
‘ V Date Excavated: 3/2/2021
4 Logged By: B. Cook
o N L

Bag Sample Bucket Sample Shelby Tube Sample ~ Seepage  Water Bearing Zone Water Level at Abandonment

Surface Elevation: 369 Feet
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A o
GeoPacific

14835 SW 72nd Avenue
Portland, Oregon 97224
Tel: (503) 598-8445 Fax: (503) 941-9281

TEST PIT LOG

Project: Camas Valley Estates
Camas, Washington

Project No. 21-5741

Test Pit No. TP-9

— E’ g |o < 2
€ 3EE|S5E| F [58¢ 5% |8
£ lsseglz2eg| 2 (s58l2s|c2 Material Description
g |28g|cng| £ |L20|8¢ |55
o o Tl & |RX o o]
o (2] om
TOPSOIL. Grassy area growth. Red brown, organic, Lean CLAY, with
n roots extending to approximately 8 inchesbgs. |
17120 Lean CLAY (CL), red brown, medium stiff to stiff, very moist, containing
] minor amounts of subrounded gravel to cobble-sized rock, low to moderate
24 2.0 plasticity.
3 25
4—30 ¢ ( ! ! ! .-
—] Lean CLAY (CL), light brown, medium stiff to stiff, very moist, containing
5 minor amounts of subrounded gravel to cobble-sized rock, low to moderate
N plasticity.
67
] 7
7 v
N % Moderate groundwater seepage observed, filling bottom of test pit.
8— %
9 %
o .
Test pit terminated at 10 feet bgs.
] Moderate groundwater seepage observed at 7 feet bgs.
11— Excavator: New Holland 11-88 Tracked Excavator
12—
13—
14—
15—
16—
17—
LEGEND
‘ V Date Excavated: 3/2/2021
4 Logged By: B. Cook
o N L

Bag Sample Bucket Sample Shelby Tube Sample

Seepage

Surface Elevation: 326 Feet

Water Bearing Zone Water Level at Abandonment
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14835 SW 72nd Avenue

TEST PIT LOG

A o
GeoPacific

Portland, Oregon 97224
Tel: (503) 598-8445 Fax: (503) 941-9281

Project: Camas Valley Estates
Camas, Washington

Project No. 21-5741

Test Pit No. TP-10

— E’ g |o < 2
E | 2El25E| A |58¢ 5SS ([5N
£ |5gzl22e| ¢ |8T825 [z2 Material Description
B |csélens| B [$0|2E |55 P
a 5= = s IR 8 o
o (2] om
TOPSOIL. Grassy area growth. Red brown, organic, Lean CLAY, with
n roots extending to approximately_ 8_in_che_s _bg_s._ ______________
17120 Lean CLAY (CL), brown, medium stiff, very moist, low to moderate
] plasticity.
24 25
3|25
1,000 g
4251 | | | | e
] 5 [Lean CLAY (CL), light brown, medium stiff to stiff, very moist, low to
V¥ _|moderate
57 7 plasticity.
o oy / Light perched groundwater seeps observed piping on sides of test pit
6 9 |\ vA------—----—-—-"—-"—-""—-""—""""""—"—"—-"—"—"——~—~—~———~————— -
10005 / Lean CLAY (CL), light brown, medium stiff to stiff, very moist to wet,
N / containing minor amounts of subrounded gravel to cobble-sized rock, low
7 / to moderate plasticity.
8] %
9 %
O ,000 g /
)
i
Test pit terminated at 10.5 feet bgs.
11 Light groundwater seepage observed at 5 feet bgs.
— Excavator: New Holland 11-88 Tracked Excavator
12—
13—
14—
15—
16—
17—
LEGEND
‘ V Date Excavated: 3/2/2021
4 Logged By: B. Cook
B 7 Y 99ed By

Bag Sample Bucket Sample Shelby Tube Sample

Seepage

Surface Elevation: 334 Feet

Water Bearing Zone Water Level at Abandonment
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UNIFIED SOIL CLASSIFICATION SYSTEM

UNIFIED SOIL CLASSIFICATION AND SYMBOL CHART

LABORATORY CLASSIFICATION CRITERIA

COARSE-GRAINED SOILS
(more than 50% of material is larger than No. 200 sieve size.)

Clean Gravels (Less than 5% fines) D D
cw | Well-graded gravels, gravel-sand W C, = 89 greater than 4; Ce = 2 between 1 and 3
mixtures, little or no fines 10 D10 N D60
GRAVELS
More than 509 Poorly-graded gravels, gravel-sand
ogefz cogr:se % GP mixtures, little or no fines GP Not meeting all gradation requirements for GW
fraction larger Gravels with fines (More than 12% fines)
than No. 4 B — —
sieve size coé GM | Silty gravels, gravel-sand-silt mixtures I e Lt Above "A" line with Pl. between
Sl line or P.l. less than 4 .
4 and 7 are borderline cases
Gc Clayey gravels, gravel-sand-clay GG Atterberg limits above "A" | requiring use of dual symbols
mixtures line with P.I. greater than 7
Clean Sands (Less than 5% fines) D D
] G, =:=29 ter than 4; C, = — 22 between 1 and 3
; Well-graded sands, gravelly sands, u = grealerinanis; fogis G EERIEL
| SW : ) SW D D,,xD,
] little or no fines 10 10" -60
SANDS
50% or more Poorly graded sands, gravelly sands,
Ofocoarse L little or no fines SP Not meeting all gradation requirements for GW
fraction smaller Sands with fines (More than 12% fines)
than No. 4 T . nan
sieve size 1] SM | Silty sands, sand-silt mixtures sm  Atterberg limits below "A Limits plotting in shaded zone
o line or P.. less than 4 with P.|. between 4 and 7 are
;/ ) Atterberg limits above "A" borderline cases requiring use
;/{; SC Clayey sands, sand-clay mixtures SC line with P.I. greater than 7 of dual symbols.
FINE-GRAINED SOILS
(50% or more of material is smaller than No. 200 sieve size.) Determine percentages of sand and gravel from grain-size curve. Depending
- on percentage of fines (fraction smaller than No. 200 sieve size),
Inorganic silts and very fine sands, rock coarse-grained soils are classified as follows:
I ML flour, silty of clayey fine sands or clayey Less than 5 percent .........oeeiioeeeiiaeeeiiannannnnnns GW, GP, SW, SP
SILTS silts with slight plasticity More than 12 percent .......c...ieiiiieiiriienanninanans GM, GC, SM, SC
AND B - S5to12percent ...oiiiiiiiiiaaa.n Borderline cases requiring dual symbols
CLAYS Inorganic clays of low to medium
Liquid limit plasticity, gravelly clays, sandy clays,
less than silty clays, lean clays PLASTICITY CHART
50%
Organic silts and organic silty clays of 60
low plasticity =
. - % 50 <
Inorganic silts, micaceous or = CH /
diatomaceous fine sandy or silty soils, ; 20 /
SILTS elastic silts n ALINE;
AND g 5 %ﬂ = 0,73(LL-20)
CLAYS Inorganic clays of high plasticity, fat > é‘
Liquid limit clays e CLib MH&OH
50% o 20 (
|_
or greater Organic clays of medium to high Q 10 /
plasticity, organic silts & T ' ML&|OL
HIGHLY ) ) ) O0 10 20 30 40 50 60 70 80 90 100
Oggﬁ_"gc Peat and other highly organic soils LIQUID LIMIT (LL) (%)
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SOIL DESCRIPTION AND CLASSIFICATION GUIDELINES

Particle-Size Classification

ASTM/USCS AASHTO

COMPONENT size range sieve size range size range sieve size range

Cobbles >75 mm greater than 3 inches > 75 mm greater than 3 inches

Gravel 75 mm—4.75mm | 3inches to No. 4 sieve 75 mm —2.00mm | 3inches to No. 10 sieve
Coarse 75 mm —19.0 mm 3 inches to 3/4-inch sieve - -

Fine 19.0 mm - 4.75 mm 3/4-inch to No. 4 sieve - -

Sand 4.75 mm —0.075 mm | No. 4 to No. 200 sieve 2.00 mm —0.075 mm | No. 10 to No. 200 sieve
Coarse 4.75 mm —2.00 mm No. 4 to No. 10 sieve 2.00 mm — 0.425 mm No. 10 to No. 40 sieve
Medium 2.00 mm - 0.425 mm No. 10 to No. 40 sieve - -

Fine 0.425 mm — 0.075 mm No. 40 to No. 200 sieve 0.425 mm — 0.075 mm No. 40 to No. 200 sieve

Fines (Silt and Clay)

<0.075 mm

Passing No. 200 sieve

<0.075 mm

Passing No. 200 sieve

Consistency for Cohesive Soil

POCKET PENETROMETER
SPT N-VALUE (UNCONFINED COMPRESSIVE
CONSISTENCY (BLOWS PER FOOQOT) STRENGTH, tsf)
Very Soft 2 less than 0.25
Soft 2to 4 0.251t0 0.50
Medium Stiff 4108 0.50t0 1.0
Stiff 810 15 1.0 t02.0
Very Stiff 15to 30 2.0 to4.0
Hard 30 to 60 greater than 4.0
Very Hard greater than 60 -

Relative Density for Granular Soil

RELATIVE DENSITY

SPT N-VALUE

(BLOWS PER FOOT)

Very Loose

Loose

Medium Dense

Dense

Very Dense

Oto 4
410 10
10 to 30
30to 50
more than 50

Moisture Designations

TERM FIELD IDENTIFICATION

Dry No moisture. Dusty or dry.

Damp Some moisture. Cohesive soils are usually below plastic limit and are
moldable.

Moist Grains appear darkened, but no visible water is present. Cohesive soils
will clump. Sand will bulk. Soils are often at or near plastic limit.

Wet Visible water on larger grains. Sand and silt exhibit dilatancy. Cohesive
soil can be readily remolded. Soil leaves wetness on the hand when
squeezed. Soil is much wetter than optimum moisture content and is
above plastic limit.




AASHTO SOIL CLASSIFICATION SYSTEM

TABLE 1. Classification of Soils and Soil-Aggregate Mixtures

Granular Materials

Silt-Clay Materials

General Classification (35 Percent or Less Passing .075 mm) (More than 35 Percent Passing 0.075)

Group Classification A-1 A-3 A-2 A-4 A-5 A-6 A-7
Sieve analysis, percent passing:

2.00 mm (No. 10) - - -

0.425 mm (No. 40) 50 max 51 min - - - - -
0.075 mm (No. 200) 25 max 10 max 35 max 36 min 36 min 36 min 36 min
Characteristics of fraction passing 0.425 mm (No. 40)

Liquid limit 40 max 41 min 40 max 41 min
Plasticity index 6 max N.P. 10 max 10 max 11 min 11 min
General rating as subgrade Excellent to good Fair to poor

Note: The placing of A-3 before A-2 is necessary in the "left to right elimination process" and does not indicate superiority of A-3 over A-2.

TABLE 2. Classification of Soils and Soil-Aggregate Mixtures

Granular Materials

Silt-Clay Materials

General Classification (35 Percent or Less Passing 0.075 mm) (More than 35 Percent Passing 0.075 mm)
A-1 A-2 A-7
A-7-5,

Group Classification A-l-a A-1-b A-3 A-2-4 A-2-5 A-2-6 A-2-7 A-4 A-5 A-6 A-7-6
Sieve analysis, percent passing:
2.00 mm (No. 10) 50 max - - - - - - - - - -
0.425 mm (No. 40) 30 max 50 max 51 min - - - - - - - -
0.075 mm (No. 200) 15 max 25 max 10 max 35 max 35 max 35 max 35 max 36 min 36 min 36 min 36 min
Characteristics of fraction passing 0.425 mm (No. 40)
Liquid limit 40 max 41 min 40 max 41 min 40 max 41 min 40 max 41 min
Plasticity index 6 max N.P. 10 max 10 max 11 min 11 min 10 max 10 max 11 min 11min
Usual types of significant constituent materials Stone fragments, Fine

gravel and sand sand Silty or clayey gravel and sand Silty soils Clayey soils
General ratings as subgrade Excellent to Good Fair to poor

Note: Plasticity index of A-7-5 subgroup is equal to or less than LL minus 30. Plasticity index of A-7-6 subgroup is greater than LL minus 30 (see Figure 2).

AASHTO = American Association of State Highway and Transportation Officials

Exhibit 5



GROUP SYMBOL

GW. <15% sand

Exhibit 5

GROUP NAME

Well-graded gravel

<5% fines i: Cu24 and 1=Ccs<3
Cu<4 and/or 1>Cc>3

\ 215% sand —» Well-graded gravel with sand

GP <15% sand Poorly graded gravel
\ 215% sand ———— Poorly graded gravel with sand
fines = ML or MH GW-GM <15% sand Well-graded gravel with silt
Cu24 and 1=Cc<3 < T 15% sand — » Well-graded grawel with silt and sand
fines = CL, CH, GW-GC <15% sand Well-graded gravel with clay (or silty clay)
GRAVEL (or CL-ML) \ 215% sand ———» Well-graded gravel with clay and sand
% gravel > 5-12% fines (or silty clay and sand)
% sand
fines = ML or MH GP-GM <15% sand Poorly graded gravel with silt
Cu<4 and/or 1>Cc>3 < \ 215% sand ————— Poorly graded gravel with silt and sand
fines = CL, CH, GP-GC <15% sand Poorly graded gravel with clay (or silty clay)
(or CL-ML) \ 215% sand ————— Poorly graded gravel with clay and sand
(or silty clay and sand)
fines = ML or MH GM <15% sand Silty gravel
/ \> 215% sand —— - Silty gravel with sand
>12% fines fines = CL or CH GC <15% sand Clayey gravel
\ \ 215% sand —— > Clayey gravel with sand
fines = CL-ML GC-GM <15% sand Silty, clayey gravel
Tt eand — Silty, clayey gravel with sand
<5% fines Cu26 and 1=Cc<3 SW. <15% gravel —— Well-graded sand
: \ 215% gravel —— Well-graded sand with gravel
Cu<6 and/or 1>Cc>3 SP <15% gravel —— Poorly graded sand
\ 215% gravel —— Poorly graded sand with gravel
fines = ML or MH SW-SM <15% gravel —— Well-graded sand with silt
Cu26 and 1<Cc<3 < T >15% gravel —» Well-graded sand with silt and gravel
fines = CL, CH, SW-SC <15% gravel ——» Well-graded sand with clay (o silty clay)
SAND (or CL-ML) \ 215% gravel ——— Well-graded sand with clay and gravel
% sand = 5-12% fines (or silty clay and gravel)
% gravel
fines = ML or MH SP-SM <15% gravel ——— Poorly graded sand with silt
Cu<6 and/or 1>Cc>3 <: \ 215% gravel ——— Poorly graded sand with silt and gravel
fines = CL, CH, SP-SC <15% gravel —— Poorly graded sand with clay (or silty clay)
(or CL-ML) \ 215% gravel ——— Poorly graded sand with clay and gravel
(or silty clay and gravel)
fines = ML or MH SM <15% gravel —— Silty sand
/ \ 215% gravel —— Silty sand with gravel
>12% fines fines = CL or CH SC <15% gravel —— Clayey sand
\ \> 215% gravel ———— Clayey sand with gravel
fines = CL-ML SC-SM <15% gravel —— Silty, clayey sand
\ 215% gravel —— Silty, clayey sand with gravel
Flow Chart for Classifying Coarse-Grained Soils (More Than 50% Retained on No. 200 Sieve)
GROUP SYMBOL GROUP NAME
< 30% plus No. ZOOY:< 15% plus No. 200 Lean clay
15-29% plus No. zooi: % sand = % gravel — Lean clay with sand
Pl > 7 and plots— CL % sand < % gravel —p Lean clay with gravel
on or above % sand 2 % gravel i: < 15% gravel ——— Sandy lean clay
"A"-line 2 30% plus No. 200 <: 2 15% gravel —— Sandy lean clay with gravel
% sand < % gravel < 15% sand Grawelly lean clay
\ 2 15% sand —— Grawelly lean clay with sand
< 30% plus No. 200<:< 15% plus No. 200. Silty clay
15-29% plus No. 200<: % sand = % gravel — Silty clay with sand
4<Pls7and — CL-ML % sand < % gravel —p Silty clay with gravel
Inorganic plots on or above % sand 2 % gravel i: < 15% gravel ——— Sandy silty clay
2 30% plus No. 200 < 2 15% gravel —— Sandy silty clay with gravel
% sand < % gravel ?: < 15% sand —— Grawelly silty clay
2 15% sand —— Grawelly silty clay with sand
< 30% plus No. 200<:< 15% plus No. 200 silt
LL <50 15-29% plus No. 200. % sand = % gravel — Silt with sand
Pl < 4 or plots —» ML : % sand < % gravel — Silt with gravel
below "A"-line % sand 2 % gravel < 15% gravel —— Sandy silt
>30% plus No. 200 < :: 2 15% gravel ——» Sandy silt with gravel
% sand < % gravel < 15% sand Grawelly silt
LL -ovendried \ 2 15% sand —— Grawelly silt with sand
Organic <0.75 oL
LL -not dried
< 30% plus No. 200<:< 15% plus No. 200 Fat clay
15-29% plus No. zooiz % sand 2 % gravel — Fat clay with sand
Pl plots onor ——» CH % sand < % gravel — Fat clay with gravel
% sand 2 % gravel i: < 15% gravel —— Sandy fat clay
2 30% plus No. 200 < 2 15% gravel —— Sandy fat clay with gravel
% sand < % gravel < 15% sand Grawelly fat clay
Inorganic \ 2 15% sand —— > Grawelly fat clay with sand
< 30% plus No. 200<:< 15% plus No. 200. Elastic silt
15-29% plus No. 200. % sand = % gravel — Elastic silt with sand
LL=50 Pl plots below ——— MH : % sand < % gravel — Elastic silt with gravel
"A"-line % sand 2 % gravel ?: < 15% gravel —— Sandy elastic silt
2 30% plus No. 200 < 2 15% gravel —— Sandy elastic silt with gravel
LL -ovendried % sand < % gravel < 15% sand Grawelly elastic silt
Organic <0.75 OH \ = 15% sand —— Grawelly elastic silt with sand
LL -not dried

Flow Chart for Classifying Fine-Grained Soil (50% or More Passes No. 200 Sieve)



Exhibit 5

GEOPACIFIC

Real-World Geotechnical Solutions
Investigation e Design e Construction Support

SITE RESEARCH

14835 SW 72" Avenue Tel (503) 598-8445
Portland, Oregon 97224 Fax (503) 941-9281



3/5/2021

L\Tc Hazards by Location

Search Information

Coordinates:
Elevation:
Timestamp:
Hazard Type:

Reference
Document:

Risk Category:

Site Class:

45.645516, -122.439154
337 ft
2021-03-05T19:11:00.505Z
Seismic

ASCE7-16

C

MCER Horizontal Response Spectrum

ATC Hazards by Location
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L5
Vancouver
{26} £
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Beaverton cresham
Google 205
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Design Horizontal Response Spectrum

Sa(g) Sa(g)
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0.40 030
0.20
0.20 0.10
0.00 0.00
0 5 10 15 Period (s) 0 5 10

Basic Parameters

Name Value Description

Sg 0.787 MCER ground motion (period=0.2s)

Sy 0.348 MCER ground motion (period=1.0s)

Sms 0.945 Site-modified spectral acceleration value
Sm1 0.522 Site-modified spectral acceleration value
Sps 0.63 Numeric seismic design value at 0.2s SA
Sp1 0.348 Numeric seismic design value at 1.0s SA

vAdditional Information

Name Value
SDC D

Fa 1.2
Fy 1.5
CRg 0.89

Description
Seismic design category
Site amplification factor at 0.2s

Site amplification factor at 1.0s

Coefficient of risk (0.2s)

https://hazards.atcouncil.org/#/seismic?lat=45.645516&Ing=-122.439154&address=

15 Period (s)

12


https://maps.google.com/maps?ll=45.645516,-122.439154&z=8&t=m&hl=en-US&gl=US&mapclient=apiv3

3/5/2021
CR;

PGA

Frea

PGAy

SsRT

SsUH

SsD
S1RT

S1UH

S1D

PGAd

0.868

0.352

1.2

0.423

16

0.787

0.885

1.5

0.348

0.401

0.6

0.5

ATC Hazards by Location
Coefficient of risk (1.0s)

MCEg peak ground acceleration

Site amplification factor at PGA

Site modified peak ground acceleration
Long-period transition period (s)

Probabilistic risk-targeted ground motion (0.2s)

Factored uniform-hazard spectral acceleration (2% probability of
exceedance in 50 years)

Factored deterministic acceleration value (0.2s)
Probabilistic risk-targeted ground motion (1.0s)

Factored uniform-hazard spectral acceleration (2% probability of
exceedance in 50 years)

Factored deterministic acceleration value (1.0s)

Factored deterministic acceleration value (PGA)
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The results indicated here DO NOT reflect any state or local amendments to the values or any delineation lines made during the building code
adoption process. Users should confirm any output obtained from this tool with the local Authority Having Jurisdiction before proceeding with

design.

Disclaimer

Hazard loads are provided by the U.S. Geological Survey Seismic Design Web Services.

While the information presented on this website is believed to be correct, ATC and its sponsors and contributors assume no responsibility or
liability for its accuracy. The material presented in the report should not be used or relied upon for any specific application without competent
examination and verification of its accuracy, suitability and applicability by engineers or other licensed professionals. ATC does not intend that the
use of this information replace the sound judgment of such competent professionals, having experience and knowledge in the field of practice, nor
to substitute for the standard of care required of such professionals in interpreting and applying the results of the report provided by this website.
Users of the information from this website assume all liability arising from such use. Use of the output of this website does not imply approval by
the governing building code bodies responsible for building code approval and interpretation for the building site described by latitude/longitude
location in the report.

https://hazards.atcouncil.org/#/seismic?lat=45.645516&Ing=-122.439154&address=

2/2


https://earthquake.usgs.gov/ws/designmaps/
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Soil Map—Clark County, Washington
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Natural Resources Web Soil Survey 3/5/2021
Conservation Service National Cooperative Soil Survey Page 1 of 3




Soil Map—Clark County, Washington

Exhibit 5

Area of Interest (AOI) = Spoil Area
Area of Interest (AOI) 8 Stony Spot
Soils i) Very Stony Spot
Soil Map Unit Polygons -
bl Wet Spot
— Soil Map Unit Lines !
0 Other
o Soil Map Unit Points
P Special Line Features
Special Point Features
o) Blowout Water Features
Streams and Canals
= Borrow Pit
Transportation

-1 Clay Spot Rails
o Closed Depression — Interstate Highways
; Gravel Pit US Routes

Gravelly Spot Major Roads
@ Landfill Local Roads
n Lava Flow Background
o Marsh or swamp - Aerial Photography
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@ Miscellaneous Water
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LY Rock Outcrop
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Severely Eroded Spot

s} Sinkhole
Iy Slide or Slip
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MAP INFORMATION

The soil surveys that comprise your AOI were mapped at
1:20,000.

Warning: Soil Map may not be valid at this scale.

Enlargement of maps beyond the scale of mapping can cause
misunderstanding of the detail of mapping and accuracy of soil
line placement. The maps do not show the small areas of
contrasting soils that could have been shown at a more detailed
scale.

Please rely on the bar scale on each map sheet for map
measurements.

Source of Map: Natural Resources Conservation Service
Web Soil Survey URL:
Coordinate System: Web Mercator (EPSG:3857)

Maps from the Web Soil Survey are based on the Web Mercator
projection, which preserves direction and shape but distorts
distance and area. A projection that preserves area, such as the
Albers equal-area conic projection, should be used if more
accurate calculations of distance or area are required.

This product is generated from the USDA-NRCS certified data as
of the version date(s) listed below.

Soil Survey Area:
Survey Area Data:

Clark County, Washington
Version 18, Jun 4, 2020

Soil map units are labeled (as space allows) for map scales
1:50,000 or larger.

Date(s) aerial images were photographed: Oct 15, 2018—Oct
18, 2018

The orthophoto or other base map on which the soil lines were
compiled and digitized probably differs from the background
imagery displayed on these maps. As a result, some minor
shifting of map unit boundaries may be evident.

USDA  Natural Resources
== Conservation Service

Web Soil Survey
National Cooperative Soil Survey

3/5/2021
Page 2 of 3



Exhibit 5

Soil Map—Clark County, Washington

Map Unit Legend

Map Unit Symbol Map Unit Name Acres in AOI Percent of AOI

DoB Dollar loam, 0 to 5 percent 50.7 16.8%
slopes

HcB Hesson clay loam, 0 to 8 118.7 39.3%
percent slopes

HcD Hesson clay loam, 8 to 20 36.1 12.0%
percent slopes

HcE Hesson clay loam, 20 to 30 52.8 17.5%
percent slopes

HgB Hesson gravelly clay loam, 0 to 0.4 0.1%
8 percent slopes

HtA Hockinson loam, 0 to 3 percent 4.8 1.6%
slopes

LgB Lauren gravelly loam, 0 to 8 25.8 8.5%
percent slopes

MIA McBee silt loam, coarse 12.7 4.2%
variant, 0 to 3 percent slopes

Totals for Area of Interest 302.1 100.0%

UsbA  Natural Resources Web Soil Survey 3/5/2021

==l Conservation Service National Cooperative Soil Survey Page 3 of 3
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Appendix V-A: BMP Maintenance Tables

Exhibit 5

Ecology intends the facility-specific maintenance standards contained in this section to be conditions for determining if maintenance actions are required as identified through inspection. Recognizing that Permittees have limited main-
tenance funds and time, Ecology does not require that a Permittee perform all these maintenance activities on all their stormwater BMPs. We leave the determination of importance of each maintenance activity and its priority within
the stormwater program to the Permittee. We do expect, however, that sufficient maintenance will occur to ensure that the BMPs continue to operate as designed to protect ground and surface waters.

Ecology doesn’t intend that these measures identify the facility's required condition at all times between inspections. In other words, exceedance of these conditions at any time between inspections and/or maintenance does not auto-
matically constitute a violation of these standards. However, based upon inspection observations, the Permittee shall adjust inspection and maintenance schedules to minimize the length of time that a facility is in a condition that
requires a maintenance action.

Table V-A.1: Maintenance Standards - Detention Ponds

Mamtzr;?::: 0 Defect Conditions When Maintenance Is Needed Results Expected When Maintenance Is Performed
Any trash and debris which exceed 1 cubic feet per 1,000 square feet. In general, there
. should be no visual evidence of dumping. . )
Trash & Debris o ) Trash and debris cleared from site
If less than threshold all trash and debris will be removed as part of next scheduled main-
tenance.
_ Any poisonous or nuisance vegetation which may constitute a hazard to maintenance per- No danger of poisonous vegetation where maintenance personnel or the public might normally be. (Coordin-
Poisonous Veget- | sonnel or the public. ate with local health department)
ation and noxious . : : : o ) ) ] ) o
weeds Any evidence of noxious weeds as defined by State or local regulations. Complete eradication of noxious weeds may not be possible. Compliance with State or local eradication
(Apply requirements of adopted IPM policies for the use of herbicides). policies required
Contaminants and | Any evidence of oil, gasoline, contaminants or other pollutants )
. ) . . No contaminants or pollutants present.
Pollution (Coordinate removal/cleanup with local water quality response agency).
General Any evidence of rodent holes if facility is acting as a dam or berm, or any evidence of water Rodents destroyed and dam or berm repaired. (Coordinate with local health department; coordinate with
Rodent Holes - . L
piping through dam or berm via rodent holes. Ecology Dam Safety Office if pond exceeds 10 acre-feet.)
] ) - Facility is returned to design function.
Beaver Dams Dam results in change or function of the facility. ] ] ] . o .
(Coordinate trapping of beavers and removal of dams with appropriate permitting agencies)
] ] ) ] o Insects destroyed or removed from site.
Insects When insects such as wasps and hornets interfere with maintenance activities. . o . ] ) o
Apply insecticides in compliance with adopted IPM policies
Tree growth does not allow maintenance and inspection access or interferes with main-
tenance activity (i.e., slope mowing, silt removal, vactoring, or equipment movements). If Trees do not hinder maintenance activities. Harvested trees should be recycled into mulch or other bene-
Tree Growthand | trees are not interfering with access or maintenance, do not remove ficial uses (e.g., alders for firewood).
Hazard Trees . . ; o
If dead, diseased, or dying trees are identified Remove hazard Trees
(Use a certified Arborist to determine health of tree or removal requirements)
Eroded damage over 2 inches deep where cause of damage is still present or where there is 3'0[3;::83?:3::? Zit?;?]bmzed using appropriate erosion control measure(s); e.g.,rock reinforcement, planting
Side Slopes of Pond Erosion potential for continued erosion. 9 ’ P '
: If erosion is occurring on compacted berms a licensed engineer in the state of Washington should be con-
Any erosion observed on a compacted berm embankment. .
sulted to resolve source of erosion.
. o . : i
Storage Area Sediment Ac_cumulated sgdlmgnt that excegds 10 A’.O.f the deS|gn§q pond depth unless otherwise spe Sediment cleaned out to designed pond shape and depth; pond reseeded if necessary to control erosion.
cified or affects inletting or outletting condition of the facility.

2019 Stormwater Management Manual for Western Washington
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Table V-A.1: Maintenance Standards - Detention Ponds (continued)

Exhibit 5

Maintenance Com-
ponent

Defect

Conditions When Maintenance Is Needed

Results Expected When Maintenance Is Performed

Liner (if Applic-
able)

Liner is visible and has more than three 1/4-inch holes in it.

Liner repaired or replaced. Liner is fully covered.

Ponds Berms (Dikes)

Settlements

Any part of berm which has settled 4 inches lower than the design elevation
If settlement is apparent, measure berm to determine amount of settlement

Settling can be an indication of more severe problems with the berm or outlet works. A
licensed engineer in the state of Washington should be consulted to determine the source of
the settlement.

Dike is built back to the design elevation.

Piping

Discernable water flow through pond berm. Ongoing erosion with potential for erosion to con-
tinue.

(Recommend a Goethechnical engineer be called in to inspect and evaluate condition and
recommend repair of condition.

Piping eliminated. Erosion potential resolved.

Emergency Overflow/
Spillway and Berms
over 4 feet in height

Tree Growth

Tree growth on emergency spillways creates blockage problems and may cause failure of the
berm due to uncontrolled overtopping.

Tree growth on berms over 4 feet in height may lead to piping through the berm which could
lead to failure of the berm.

Trees should be removed. If root system is small (base less than 4 inches) the root system may be left in
place. Otherwise the roots should be removed and the berm restored. A licensed engineer in the state of
Washington should be consulted for proper berm/spillway restoration.

Piping

Discernable water flow through pond berm. Ongoing erosion with potential for erosion to con-
tinue.

(Recommend a Geotechnical engineer be called in to inspect and evaluate condition and
recommend repair of condition.

Piping eliminated. Erosion potential resolved.

Emergency Over-
flow/Spillway

Emergency Over-
flow/Spillway

Only one layer of rock exists above native soil in area five square feet or larger, or any expos-
ure of native soil at the top of out flow path of spillway.

(Rip-rap on inside slopes need not be replaced.)

Rocks and pad depth are restored to design standards.

Erosion

See "Side Slopes of Pond"

Table V-A.2: Maintenance Standards - Infiltration

Maintenance Component

Defect

Conditions When Maintenance Is Needed

Results Expected When Maintenance Is Per-
formed

Trash & Debris

See Table V-A.1: Maintenance Standards - Detention Ponds

See Table V-A.1: Maintenance Standards - Deten-
tion Ponds

Poisonous/Noxious

See Table V-A.1: Maintenance Standards - Detention Ponds

See Table V-A.1: Maintenance Standards - Deten-

Vegetation tion Ponds
General : .

antammants and Pol- See Table V-A 1- Maintenance Standards - Detention Ponds See Table V-A.1: Maintenance Standards - Deten-

lution tion Ponds

Rodent Holes See Table V-A.1: Maintenance Standards - Detention Ponds See Table V-A.1: Maintenance Standards - Deten-

tion Ponds
. Water ponding in infiltration pond after rainfall ceases and appropriate time allowed for infiltration. Treatment basins should infiltrate | Sediment is removed and/or facility is cleaned so

Storage Area Sediment

Water Quality Design Storm Volume within 48 hours, and empty within 24 hours after cessation of most rain events.

2019 Stormwater Management Manual for Western Washington

Volume V - Appendix A - Page 1006

that infiltration system works according to design.




Table V-A.3: Maintenance Standards - Closed Detention Systems (Tanks/Vaults) (continued)

Exhibit 5

Maintenance

Results Expected When Maintenance is Per-

Defect Conditions When Maintenance is Needed
Component formed
Cover Notin Place Coveris missing or only partially in place. Any open manhole requires maintenance. Manhole is closed.
Manhole Mechanism cannot be opened by one maintenance person with proper tools. Bolts into frame have less than 1/2 inch of

Locking Mechanism Not Working

thread (may not apply to self-locking lids).

Mechanism opens with proper tools.

Cover Difficult to Remove

One maintenance person cannot remove lid after applying normal lifting pressure. Intent is to keep cover from sealing off
access to maintenance.

Cover can be removed and reinstalled by one
maintenance person.

Ladder Rungs Unsafe

Ladder is unsafe due to missing rungs, misalignment, not securely attached to structure wall, rust, or cracks.

Ladder meets design standards. Allows main-
tenance person safe access.

Catch Basins

See Table V-A.5: Maintenance Standards - Catch

See Table V-A.5: Maintenance Standards - Catch Basins

Basins

See Table V-A.5: Maintenance Standards -
Catch Basins

Table V-A.4: Maintenance Standards - Control Structure/Flow Restrictor

Maintenance Com-

ponent Defect Condition When Maintenance is Needed Results Expected When Maintenance is Performed
Trash and Debris (Includes Sediment) Material exceeds 25% of sump depth or 1 foot below orifice plate. Control structure orifice is not blocked. All trash and debris removed.
General Structure is not securely attached to manhole wall. Structure securely attached to wall and outlet pipe.

Structural Damage

Structure is not in upright position (allow up to 10% from plumb).
Connections to outlet pipe are not watertight and show signs of rust.

Any holes - other than designed holes - in the structure.

Structure in correct position.

Connections to outlet pipe are water tight; structure repaired or replaced and
works as designed.

Structure has no holes other than designed holes.

Cleanout Gate

Damaged or Missing

Cleanout gate is not watertight or is missing.
Gate cannot be moved up and down by one maintenance person.
Chain/rod leading to gate is missing or damaged.

Gate is rusted over 50% of its surface area.

Gate is watertight and works as designed.
Gate moves up and down easily and is watertight.
Chainis in place and works as designed.

Gate is repaired or replaced to meet design standards.

Control device is not working properly due to missing, out of place, or

Orifice Plate Damaged or Missing bent orifice plate. Plate is in place and works as designed.

Obstructions Any trash, debris, sediment, or vegetation blocking the plate. Plate is free of all obstructions and works as designed.
Overflow Pipe Obstructions Any trash or debris blocking (or having the potential of blocking) the Pipe is free of all obstructions and works as designed.

overflow pipe.

See Table V-A.3: Maintenance Standards - Closed Detention Systems | See Table V-A.3: Maintenance Standards - Closed Detention Systems | See Table V-A.3: Maintenance Standards - Closed Detention Systems (Tank-
Manhole

(Tanks/Vaults) (Tanks/Vaults) s/Vaults)
Catch Basin See Table V-A.5: Maintenance Standards - Catch Basins See Table V-A.5: Maintenance Standards - Catch Basins See Table V-A.5: Maintenance Standards - Catch Basins

2019 Stormwater Management Manual for Western Washington
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Table V-A.5: Maintenance Standards - Catch Basins

Exhibit 5

Maintenance

Results Expected When Maintenance is per-

Defect Conditions When Maintenance is Needed
Component formed
Trash or debris which is located immediately in front of the catch basin opening or is blocking inletting capacity of the basin by more than 10%. No Trash or debris located immediately in front of
Trash or debris (in the basin) that exceeds 60 percent of the sump depth as measured from the bottom of basin to invert of the lowest pipe into or out of the | catch basin or on grate opening.
basin, but in no case less than a minimum of six inches clearance from the debris surface to the invert of the lowest pipe. No trash or debris in the catch basin.
Trash & Debris . . . . . .
Trash or debris in any inlet or outlet pipe blocking more than 1/3 of its height. Inlet and outlet pipes free of trash or debris.
Dead animals or vegetation that could generate odors that could cause complaints or dangerous gases (e.g., methane). No dead animals or vegetation present within the
catch basin.
Sediment (in the basin) that exceeds 60 percent of the sump depth as measured from the bottom of basin to invert of the lowest pipe into or out of the
Sediment basin, but in no case less than a minimum of 6 inches clearance from the sediment surface to the invert of the lowest pipe. No sediment in the catch basin
General . . . . - L . Top slab is free of holes and cracks.
Structure Damage to Top slab has holes larger than 2 square inches or cracks wider than 1/4 inch. (Intent is to make sure no material is running into basin). - « sitting flush on the 1 _ b
Frame and/or Top Slab | Frame not sitting flush on top slab, i.e., separation of more than 3/4 inch of the frame from the top slab. Frame not securely attached rame is sitting flush on the riser rings or top sla
and firmly attached.
Fractures or Cracks in Maintenance person judges that structure is unsound. Basin replaced or repaired to design standards.
Basin Walls/ Bottom Grout f|IIet. has separated or cracked wider than 1/2 inch and longer than 1 foot at the joint of any inlet/outlet pipe or any evidence of soil particles entering Pipe is regrouted and secure at basin wall,
catch basin through cracks.
Settlement/ Mis- . . . . . . .
alignment If failure of basin has created a safety, function, or design problem. Basin replaced or repaired to design standards.
Vegetati Vegetation growing across and blocking more than 10% of the basin opening. No vegetation blocking opening to basin.
egetation
9 Vegetation growing in inlet/outlet pipe joints that is more than six inches tall and less than six inches apart. No vegetation or root growth present.
&)ig:]amlnatlon and Pol- See Table V-A.1: Maintenance Standards - Detention Ponds No pollution present.
. L . . . . . Cover/grate is in place, meets design standards,
Cover Not in Place Coveris missing or only partially in place. Any open catch basin requires maintenance. .
and is secured
gatch Basin h%iwgrmsg(:hamsm Mechanism cannot be opened by one maintenance person with proper tools. Bolts into frame have less than 1/2 inch of thread. Mechanism opens with proper tools.
over
Cover Difficult to One maintenance person cannot remove lid after applying normal lifting pressure. Cover can be removed by one maintenance per-
Remove (Intent is keep cover from sealing off access to maintenance.) son.
Ladder Ladder Rungs Unsafe Ladder is unsafe due to missing rungs, not securely attached to basin wall, misalignment, rust, cracks, or sharp edges. Ladder meets design standards and allows main-

tenance person safe access.

Metal Grates
(If Applicable)

Grate opening Unsafe

Grate with opening wider than 7/8 inch.

Grate opening meets design standards.

Trash and Debris

Trash and debris that is blocking more than 20% of grate surface inletting capacity.

Grate free of trash and debris.

Damaged or Missing.

Grate missing or broken member(s) of the grate.

Grate is in place, meets the design standards, and
is installed and aligned with the flow path.

2019 Stormwater Management Manual for Western Washington
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Table V-A.6: Maintenance Standards - Debris Barriers (e.g., Trash Racks)

Maintenance Components Defect Condition When Maintenance is Needed Results Expected When Maintenance is Performed
General Trash and Debris Trash or debris that is plugging more than 20% of the openings in the barrier. | Barrier cleared to design flow capacity.
Bars are bent out of shape more than 3 inches. Bars in place with no bends more than 3/4 inch.
Damaged/ Missing Bars. | Bars are missing or entire barrier missing. Bars in place according to design.
Metal Bars are loose and rust is causing 50% deterioration to any part of barrier. Barrier replaced or repaired to design standards.
Inlet/Outlet Pipe Debris barrier missing or not attached to pipe Barrier firmly attached to pipe

Table V-A.7: Maintenance Standards - Energy Dissipators

Exhibit 5

Maintenance Com-

Results Expected When Maintenance is

e Defect Conditions When Maintenance is Needed Performed
External:
Missing or Moved Rock Only one layer of rock exists above native soil in area five square feet or larger, or any exposure of native soil. Rock pad replaced to design standards.
Rock Pad Erosion Sail erosion in or adjacent to rock pad. Rock pad replaced to design standards.
Pipe Plugged with Sediment Accumulated sediment that exceeds 20% of the design depth. Pipe cleaned/flushed so that it matches

Dispersion Trench

design.

Not Discharging Water Properly

Visual evidence of water discharging at concentrated points along trench (normal condition is a "sheet flow" of water along trench).
Intent is to prevent erosion damage.

Trench redesigned or rebuilt to standards.

Perforations Plugged.

Over 1/2 of perforations in pipe are plugged with debris and sediment.

Perforated pipe cleaned or replaced.

Water Flows Out Top of "Distributor”
Catch Basin.

Maintenance person observes or receives credible report of water flowing out during any storm less than the design storm or its causing
or appears likely to cause damage.

Facility rebuilt or redesigned to standards.

Receiving Area Over-Saturated

Water in receiving area is causing or has potential of causing landslide problems.

No danger of landslides.

Internal:

Manhole/Chamber

Worn or Damaged Post, Baffles, Side
of Chamber

Structure dissipating flow deteriorates to 1/2 of original size or any concentrated wormn spot exceeding one square foot which would
make structure unsound.

Structure replaced to design standards.

Other Defects

See Table V-A.5: Maintenance Standards - Catch Basins

See Table V-A.5: Maintenance Standards -
Catch Basins

Table V-A.8: Maintenance Standards - Typical Biofiltration Swale

Maintenance
Component

Defect or Prob-
lem

Condition When Maintenance is Needed

Recommended Maintenance to Correct Problem

Sediment Accu-

Remove sediment deposits on grass treatment area of the bio-swale. When finished, swale should be level from side to side and drain freely

gfal:zon on Sediment depth exceeds 2 inches. toward outlet. There should be no areas of standing water once inflow has ceased.
General Standing Water When water stands in the swale between storms and does not Any of the following may apply: remove sediment or trash blockages, improve grade from head to foot of swale, remove clogged check dams,

drain freely.

add underdrains or convert to a wet biofiltration swale.

Flow spreader

Flow spreader uneven or clogged so that flows are not uniformly
distributed through entire swale width.

Level the spreader and clean so that flows are spread evenly over entire swale width.
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