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Parklands at Camas Meadows Residential
Subdivision and Parklands (aka the Archery)
Business Park and Camas Meadows Drive

Section A — Project Overview

The “Parklands at Camas Meadows Residential Subdivision and Parklands (aka the
Archery) Business Park” proposal is to subdivide two existing parcels of land into business
and residential development, totaling approximately 36.4 acres grading with approximately
23.5 acres of land disturbing activity. The Property, tax parcel numbers 986031650 and
175948000, are located in a portion of the SW and SE ¥4 Section 28, Township 2 North,
Range 3 East of the Willamette Meridian, Clark County, Washington into up to 42 single
family residences within the R-15 Zone and 6 commercial buildings. The TIR also covers
the conveyance and water quality for the full width of Camas Meadows Drive along the site
frontage.

This TIR also includes Conveyance Capacity Quantity Only for the Village at Camas
Meadows and Larkspur Drive South basin areas. When each of these areas develops in the
future, the conveyance and quantity control capacity are provided for with this TIR, but each
of these projects will still need to provide water quality at the time of development.

The Property is currently undeveloped. The site topography slopes from the south,
northeasterly towards the north boundary, more specifically towards the wetlands that
extends southeasterly across the site (north '4) leaving a portion of upland area at the
northeast corner that is fairly flat. The majority of the natural runoff is overland flowing
from the south, northeasterly, toward the wetland areas. The site is currently covered with
trees and brush.

There are several culverts located onsite, apparently to convey surface runoff across paths
or trails or former field roads. These culverts will be removed. There are four specific
culverts at areas that separate the three onsite wetland areas. These culverts will be
retained.

Construction of the “Parklands at Camas Meadows Residential Subdivision and
Parklands (Archery) Business Park” will consist of construction of private streets,
sidewalks, single family residential lots, underground utilities, and stormwater mitigation
facilities (quality control). Parking areas and loading docks will be constructed with the
business park portion including utilities and stormwater mitigation facilities (quality control
- including treatment for phosphorus).

Due to soil properties in this area, stormwater management by standard infiltration BMPs
and LID BMP’s are not generally applicable for this site. The geotechnical report also
indicates that:

Weathered and competent conglomerate bedrock was encountered in all test pits at
various depths... The bedrock consisted of angular to sub-rounded clasts of various
sizes cemented in a matrix of sand, silt, and clay. The bedrock was very dense and

Page 4 of 20



Exhibit 16 SP26-1005

excavator refusal was noted at various depths as indicated in Table 1 in Section
5.7, Excavation.

The design of the proposed stormwater system was influenced by the suitability of the
existing site topography. Typically, this type of setting would lend itself to stormwater
management within the wetland buffer(s). However, the buffers along these wetlands are
heavily treed in most areas and tree preservation has been taken into consideration. There is
also a requirement for phosphorous control. Presently, DOE has only certified a few
treatment technologies through the TAPE program that meet criteria for phosphorous
removal. The Filterra® System was originally proposed for the Preliminary TIR but has been
replaced with the Perk Filter. The final water quality treatment design (including
phosphorus control) is based on one of these TAPE approved/certified products -
PerkFilter™, which provides both standard Water Quality Treatment and Phosphorus
Control.

Further discussion is provided in Section F — Runoff Treatment Analysis and Design

Section B — Minimum Requirements

The “Parklands Residential Subdivision and Parklands Business Park” proposal contains
only one threshold discharge area (TDA) and is subject to consideration of minimum
requirements 1 — 10. However, only requirements 1-6, 9 and 10 are applicable. See
Appendix B-1, B-2, and B-3.

Table B -1 - Summary of Land Disturbing Activities

The defined site area is 36.4 acres.

1. Amount of Existing Impervious surface None

2. Amount of New Impervious surface* 16.5 ac.
3.Amount of Replaced Impervious surface None

4. Amount of Native Vegetation converted to lawn or landscaping 12.03

5. Amount of Native Vegetation converted to pasture None

6. Amount of Native Vegetation converted to pervious access area None

7. Total amount of land-disturbing activity 23.46 acres

* Roofs and drives at individual lots assumed at 6,500 sq ft per lot on this project and driveways
at a minimum of 1,000 sf.

This project includes a design for management of runoff from offsite areas located upslope from this project
and which presently drain overland to and through this site. The defined drainage area is 70.2 acres

» Includes The Village at Camas Meadows, Camas Meadows Drive from
Payne Road to Larkspur, and an area between Larkspur and The Village at Camas Meadows.

1. Amount of Existing Impervious surface None

2. Amount of New Impervious surface* 23.61 ac.
3.Amount of Replaced Impervious surface None

4. Amount of Native Vegetation converted to lawn or landscaping 20.73

5. Amount of Native Vegetation converted to pasture None

6. Amount of Native Vegetation converted to pervious access area None

7. Total amount of land-disturbing activity 47.34acres
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* Roofs and drives at individual lots assumed at 4,500 sq ft per lot on this project

Table B-2 - TDA Minimum Requirement Summary

TDA | Req’d to meet runoff Req’d to meet flow control | Req’d to meet wetlands
Number | control (treatment) requirements listed in Min. | protection requirements
requirements listed in Requirement 7 listed in Min. Requirement 8
Min. Requirement 6
TDA#1 Yes N/A — large water body Yes

The effective impervious area for the street ROW portion is 11.43 acres. This includes the
driveway entrance portion area for each lot.

Section C — Soils Evaluation

The “Soil Survey of Clark County, Washington” indicates the soil at this site consist of the
following:

(HcB) Hesson clay loam, 0 to 8 percent slopes, (HcD) Hesson clay loam, 8 to 20
percent slopes.

Clark County GIS indicates that the site soils are designated as Soil Group 3, Moderately
Drained Soils for use with the Western Washington Hydrology Model (WWHM2012). The
SCS or NRCS designation is HSG C.

(CvA) Cove silty clay loam, 0 to 3 percent slopes

Clark County GIS indicates that the site soils are designated as Soil Group 4, Poorly
Drained Soils for use with the Western Washington Hydrology Model (WWHM2012). The
SCS or NRCS designation is HSG D.

(LgB) Lauren gravelly loam, 0 to 8 percent slopes

Clark County has further segregated this soil group as a Group 1 soil (SG-1) Excessively drained soils
(hydrologic soil groups A & B) for use with the Western Washington Hydrology Model
(WWHM2012). The SCS or NRCS designation is HSG B. However, at this site the water table is
high in some locations and this soil was modeled as SG-3.

See the soils map in Appendix A for additional information

According to the NRCS web soil survey,
Excerpt from Geotechnical Report:

The Web Soil Survey (United States Department of Agriculture, Natural Resource
Conservation Service [USDA NRCS], 2013 Website) indicates the site is underlain by three
soil types. Hesson clay loam soils are mapped on the majority of the site from the northwest
corner to the southwest corner of the property, while Cove silty clay loam and

Lauren gravelly loam soils are mapped in the north and northeastern portions of the
property respectively. Soils resembling the Lauren series were not encountered during
subsurface excavations.
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Although actual on-site soils may vary from the broad USDA descriptions, Lauren soils are
generally coarse-textured, well drained soils with rapid permeability. Cove soils are
generally fine-textured, poorly drained soils with very slow permeability and high shrink-
swell potential. Hesson soils are fine-textured, well drained soils with moderately slow
permeability and moderate shrink-swell potential.

Subsurface infiltration testing was not performed. See report in Appendix F.

Section D — Source Control

There are not any prohibited discharges planned for this site. A SWPPP has been developed
for the Final TIR that identifies and lists BMPs for Source Control and includes BMPS to
prohibit sediment laden runoff from leaving the site and impacting any local or State waters.
In addition, BMPs will be implemented as necessary to prevent pollutants from coming in
contact with stormwater runoff.

The proposed site is being developed with activities that are pollution generating. The
following BMP categories have some degree of applicability, in particular, BMPs for
Landscaping and Lawn/ Vegetation Management and Maintenance of Stormwater Drainage
and Treatment Systems.

Public Right of Way

All source control BMPs in the public right-of-way of Camas Meadows Drive and other
ROW will be the responsibility of Camas City forces per their established maintenance
procedures, or by a Business Park Owners’ Association (BPOA) for the commercial portion
- or a combination of each of the entities may be tasked for selected responsibilities. The
stormwater facilities will be publicly owned and maintained in a manner consistent with the
Stormwater Facility Maintenance Manual and BMPs for Landscaping and Lawn/Vegetation
Management.

Private Right of Way

The stormwater facilities will be privately owned and maintained by the HOA in a manner
consistent with the Stormwater Facility Maintenance Manual and BMPs for Landscaping
and Lawn/Vegetation Management. This will be the responsibility of the Home Owners
Association.

Business Park Owners’ Association (BPOA) for Commercial Areas

The stormwater facilities will be privately owned and maintained by the BPOA in a manner
consistent with the Stormwater Facility Maintenance Manual and BMPs for Landscaping
and Lawn/Vegetation Management. This will be the responsibility of a BPOA representing
the businesses within the development.

Individual Residential Subdivision Lot Owners
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In addition to the subdivision storm system being designed to accommodate runoff from the
entire site, individual lot owners will also be voluntarily responsible for source control
BMPs related to installing and maintaining landscaping and roof downspout systems on
their respective lots. This additional responsibility includes promotion of the voluntary
prevention of introduction of pollutants into their system(s) and will be further implemented
by the use of zero phosphorus yard products to assist in the reduction of phosphorus. Even
if this is not fully voluntarily complied with by all future lot owners, the overall required
total reduction in phosphorus for the entire site (including all residential lots draining to
buffers rather than to streets) meets the required standards for the overall site. Application
of appropriate maintenance measures will also provide additional source control beyond the
minimum standards.

Additional Reference: SMMWW, Volume 1V, Chapter 2 - Selection of Operational
and Structural Source Control BMPs; 2.2 Pollutant Source-Specific BMPs

BMPs for Dust Control at Disturbed Land Areas and Unpaved Roadways and
Parking Lots

BMPs for Landscaping and Lawn/ Vegetation Management
BMPs for Maintenance of Stormwater Drainage and Treatment Systems

BMPs for Urban Streets

Section E — Onsite Stormwater Management BMPs

An Erosion Control Plan has been developed for implementation of BMPs to manage
stormwater during grading activities and are shown on the erosion control plan.

Individual lot owners will be responsible for installing and maintaining roof downspout
systems on their respective lots. Those lots with Downspout Dispersion Systems (BMP
T5.10B) Volume Ill, Chapter 3.1.2 of the SMMWW (2012) will comply with the requirements
of this reference.

Section F — Runoff Water Quality Treatment Analysis and Design including
Phosphorus Removal (Reguirement = 50% minimum for the Entire Site)

1) Basic stormwater treatment is required for the private streets in this project.

2) Enhanced stormwater treatment is required for the business portion of this project.
3) Phosphorous removal of 50% of the phosphorous load is also required for the total
developed site. See Appendix C for WQ treatment rates required for street and

business park systems.

See Section L — Approval Conditions Summary on page 17 regarding (Condition of
Approval #17) for discussion related to Water Quality Treatment and Achieved Effective
Site Phosphorus Treatment Standards and Analysis with further reference to Appendix
C, C-3a and C-3b for Individual Lots adjacent to Wetland Buffer.
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The runoff from surfaces requiring water quality and phosphorus treatment will be routed to
specific Perk Filter ™ Systems. The systems are approved as off-line in nature and are sized
to treat the off-line flow rate determined from WWHM2012 analysis.

F.1  The required phosphorus standard is removal of 50% of the total
phosphorus that is leaving the entire site and discharging into the wetlands. To
account for the lots that are adjacent to the buffers and are not able to be routed to
the street systems for phosphorus removal, the overall net phosphorus removal from
the site has been calculated by allotting a different removal value for these areas and
determining an overall removal percentage.

F.2  Inshort, for a majority 84% or 23.9 acres of the entire site which drains to
the street system and PerkFilters, a phosphorus removal of 62.4% is allotted per
TAPE standards documentation.

F.3  Forasmall 16% or 4.5 acres portion of the site for the rear yards that are
adjacent and drain to the wetland buffers, a conservative phosphorus removal of
40% is achieved through natural processes and overland flow through the vegetated
buffers.

F.4  So, in summary, for the entire 28.4 acres of developed site the total
phosphorus removal conservatively averages out to be 52%, which exceeds the
minimum standard of 50% removal.

F.5  Phosphorus Removal of more than 50% is achieved for the overall site: The
majority of the individual lots lawn yard and landscaped areas are being directed to
the street and then to PerkFilters. Treatment for this co-mingled flow achieves both
adequate water quality treatment for phosphorus removal with a TAPE approved
system element (PerkFilters) for water quality and phosphorus removal treatment
with the PerkFilters.

F.6  Thus, phosphorus removal standards for the entire site is met and Condition
of Approval #17 is satisfied (the minimum removal standard is 50%). Phosphorus
removal from the entire site is also demonstrated in detail in Appendix C, C-3a and
C-3b.

Condition of Approval #17  Stormwater runoff from the proposed lots and
landscaped areas of the site shall be directed into the streets and/or into a
stormwater treatment system that will provide adequate phosphorus
removal from the yard and landscaped areas of the site prior to release into
the wetlands.

F.7  Asan additional voluntary measure to reduce the most likely phosphorus sources, all
commercial pads and residential lots will be required by the HOA CC&R’s to use only
fertilizers that have a zero phosphorous designation. These restrictions will be recorded on
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all lots within the final approved CCR’s for the site. Even without these measures, the
overall site will still comply with the phosphorus removal standards.
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Business Park and Commercial Site

The runoff from the Business Park parking and landscape areas that drain onto parking pavement
will receive treatment in PerkFilter Systems - which includes both Water Quality and Phosphorus
Treatment. The runoff from the roof areas will be directly conveyed to the respective storm system
and not treated.

Private Individual Lot Stormwater Management

> Lots adjacent to a wetland buffer or with discharge to a wetland separate from the main
storm systems

a) Roof and drive runoff will be re-introduced as sheet flow (dispersion) to the specific lot
source. However, some of the lots along the north leg of NE Longbow Lane will drain
3,000 sf of front yard lawn area and driveway to the street system. For some lots, the
roof runoff may be piped to a small conveyance system with discharge released as
sheet flow to the wetland buffer.

b) More specifically, some of the individual lots will disperse roof runoff onto the
specific lot for runoff directly overland to the wetland buffer. Some lots may
direct the roof downspout into a pipe tied directly to a conveyance to the
associated wetland and be dispersed through the wetland buffer. A few lots that
do not border the wetland will direct runoff to rear yard or side yard inline
systems for release to the associated wetland for dispersal. For Phosphorus
treatment considerations, see sections F.1 — F.6 above.

c) Lots that do not border the wetland buffer areas will collect runoff from the
pervious and impervious areas (not including roof areas) in one or more inlets on
the lots or direct runoff directly to the street. This runoff will then receive
phosphorous treatment at the respective PerkFilter. For Phosphorus treatment
considerations, see sections F.1 — F.6 above.

Private Street Right of Way Stormwater Management

NW Pittock Place  formerly 16" -Fairway-Drive

The runoff will be collected at a single low point catch basin and conveyed (Storm Line A)
to a PerkFilter located at the north end of the cul-de-sac.

NW McMaster Dr.  formerly Gol{Brive

Most of the lots along this street will receive direct runoff from the lawn areas and driveway
areas and will receive treatment with the street R/W runoff. The roof areas will be connected
directly to the storm system in the street R/W. There are several lots on the north side of this
street that slope toward Wetland B and C. The runoff from these lots will be flow directly to
the wetland buffers for these two wetlands. For Phosphorus treatment considerations, see
sections F.1 — F.6 above
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Provision has also been made to intercept potential overflow from existing detention
facilities located directly south of the project. A rear yard inline system for the bordering
lots will convey potential overflow to the proposed system (Line E) in McMaster Dr.

The outfall for this conveyance system will be the existing south culvert that crosses from
Wetland B to Wetland A. The outfall from this connection point on the existing 12 inch
culvert will be increased in size from 12 inches to 24 inches.

NW Longbow Ln.  formerly 17*-GreenDrive-and-NW-Parklands Trail

Each side will drain to PerkFilter Systems which will route (Storm Line G) the outflow to
the existing north culvert that crosses from Wetland B to Wetland A. The outlet portion of
the culvert will be increased from 12 inches to 24 inches.

Upbasin & Offsite:

a) Larkspur and a future development west of Larkspur (future) —a storm line is extended to
receive direct flow in Storm Line ‘C” for release to Wetland A —assumed that this (these)
area(s) will be treated (future) prior to entering the system in Camas Meadows Drive.

b) Camas Meadows Drive and landscape areas — paved areas, sidewalk, and landscape areas
treated in PerkFilter Systems.

c) The Village site storm system lines for conveyance are collected in storm Line ‘B’ and ‘C’ for
continued conveyance to Wetland A.

To reduce the stormwater runoff quantity impact to the wetlands, this project is proposing
that the final grading of lots will have the most suitable portions of the existing on-site top
soils collected and stockpiled at the beginning of grading, and then later carefully placed
back on the future front and rear yard areas of the lots. This design aspect will allow some
rainfall and runoff water to continue to re-supply the interflow feature back to the soil
profile —which is important for hydrating the wetlands. This approach also reduces direct
surface runoff volumes from the site.

The management of flows above the WQ flow rates will be directed to the particular storm
line system for controlled release to Wetland A. The existing site release is from Wetland B
to Wetland A which will then flow overland north into Lacamas Lake. A small portion of the
offsite and onsite drainage basin area flows to Wetland C which flows west to Wetland B through
two existing culverts. For Phosphorus treatment considerations, see sections F.1 — F.6 above.

Initial installation cost and the expenses associated with long-term maintenance are
expected to be typical of projects with similar street sections at these slopes and runoff from

most of the interior lots. There are no pollution-generating pervious surfaces (PGPS) on this
project.

The amount of pollution-generating impervious surfaces (PGIS) is:
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Parklands = 11.43 acres.

Camas Meadows Drive = 1.32 acres

The Village = 6.00 acres

Larkspur = 0.46 acres

The total is 19.21 acres pollution-generating impervious surfaces (PGIS)

Section G — Flow Control Analysis and Design

Flow control facilities are not required for this project since the discharge is to an exempt
water body — Lacamas Lake*. There are several design features proposed that will
‘reduce’ peak flow rate and volume.

> Replacement of existing on-site soils to replicate on-site soil characteristics.

See appendix B-2 and B-3.

* The discharge from the site is mostly overland to the north with a direct connection
to the mouth of Lacamas Creek or the upper end of Lacamas Lake since Lacamas
Lake is a man-made impoundment. The release point is into the water level
established by the water level at the lake. This is an area within the backwater
condition for Lacamas Creek as it enters the Lake and is subjected to the lake level —
(especially for times of significant flow).

Flow Control System Plan

This project is exempt as discussed in Section G. See Appendix B-3.

Section H — Wetlands Protection

Camas Stormwater Design Standards Manual — Submittal Requirements

For projects with stormwater discharges to a wetland, either directly or indirectly
through a conveyance system, the preliminary TIR shall describe wetland protection
measures to be implemented in accordance with Minimum Requirement 8. The narrative
shall describe the measures that will maintain the hydrologic conditions, hydrophytic
vegetation, and substrate characteristics necessary to support existing and designated
uses.

Historically, the area with runoff to this portion of the wetlands was larger than the present
condition. Development along the west has diverted flow to an area west of the project and
an area in the southeast has been developed as several subdivisions with separate stormwater
facilities. The watershed area to this portion of the wetland complex has been reduced from
about 94 acres to about 71 acres (almost 25% reduction). However, two existing
developments just south of the SE corner of the site were ‘incorrectly’ designed to divert
additional acreage and an increased ‘allowable’ release rate to this site. See App. A, A-3
Basin Maps.
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See Appendix B, B-2 for the evaluation that determines wetland protection is provided.

Presently, stormwater runoff enters the three wetland segments as overland flow or as direct
rainfall. The expected area for stormwater runoff is:

Source Area Acres
Parklands Residential Subdivision and Parklands Business Park 26.17
The Village at Camas Meadows 17.31
Camas Meadows Drive 2.40
Offsite — east of The Village at Camas Meadows and west of Larkspur Dr. 14.4
Wetland A (including buffer) 7.97
Wetland B (including buffer) 2.71
Wetland C (including buffer) 0.27
Total 71.22
Source Area Acres
Lacamas Estates Subdivision — routed through Storm Facility — and 3 lots 7.31
with direct discharge
Larkspur Subdivision — routed through Storm Facility 7.50
Total 14.81*

* Areas per As-built files from City
» Therefore, model upstream contributing basin total is about 86 acres.
One of the design elements is to maintain the overland flow aspect — all lots directly
bordering the wetland buffers will maintain direct overland runoff. Runoff from the
remaining lots not bordering the wetland buffers of this development will be collected and
routed to several discharge points outside of the wetland buffers.

Section | — Other Permits

Construction of roads and stormwater facilities may require additional permits from other
agencies. These permits may contain requirements that affect the design of the stormwater
system. This section lists the titles of other possible required permits, the agencies that
require the permits, and the permit requirements, if known, that affect the final stormwater
plan. Approved permits that are critical to the feasibility of the stormwater facility design
shall be included in this section.

1. Underground injection control (UIC) well registration: DOE. Any proposed public UIC
wells shall receive Washington State Department of Ecology UIC Program rule
authorization prior to civil plan approval. Provide a copy of the authorization during the
plan review process. A copy of the registration application will be accepted if rule
authorization notification has not been received from Ecology within 60 days of
application for well registration.
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Response: There are no proposed UICs for this site. However, a Construction General
Permit is required and a SWPPP has been prepared for submittal as a separate attachment to
the City.

Section J — Conveyance Systems Analysis and Design

1. Reference the conceptual drainage design proposed in the preliminary stormwater
plan.

Response: The conveyance system layout follows the same pattern as proposed in the
Preliminary submittal. See 2.

2. Identify revisions to the conceptual drainage design contained in the preliminary
stormwater plan.

Response: The proposed storm system layout is essentially the same. The significant
difference is that the conceptual plan provided for a ‘clean’ and ‘dirty’ line for conveyance.
The requirement for phosphorous treatment for lawn runoff to the streets has resulted in the
McMaster Drive system in particular being a one line system. A number of Perk Filter™
have been added along the street to provide the treatment for this lot runoff.

3. Identify the criteria used to complete the analyses and their sources.

Response: Standard conveyance system design as presented in Camas Stormwater Design
Standards Manual (CSDSM) was applied. The analysis was performed with
HydroCAD software R applying the Santa Barbara Urban Hydrograph (SBUH)
method for runoff and routing analysis. A specific additional feature was applied
to route flow an account for downstream affects such as tail water (TW) or
backwater conditions. This feature provides a dynamic routing analysis —
selected as calculation setting — Dyn-Stor-Ind for reach routing and Dyn-Stor-Ind
for pond routing. This feature allows the model to access and account for
downstream flow elevations on a dynamic basis. For this analysis, this was
important in evaluation the proposed storm connections into the two existing
cross culverts from wetland B to wetland A. The design determined that the
outlet portion from the connection points required a pipe size change for each
from 12 inch to 24 inch diameters. The modeling also determined that the proper
balancing of wetland surfaces required an additional 24 inch pipe was required to
connect the two existing culverts at this new manhole connection points.

4. Identify and discuss initial conditions, including stream base flows, beginning water
surface elevations, hydraulic or energy grade lines, beginning storage elevations, and
other data or assumptions used to complete the analyses of initial conditions. Reference
the sources of information.

Response: This is not applicable in general, however, wetland A was assumed to have a
specific water level. Cross sections were determined near the north property line
of the site and several more for the remaining area from the site to Lacamas
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Lake. The hydrology/hydraulics analysis routed the flow based on these added
modeling features.

5. Describe any assumptions used to complete the analyses.

Response: Additional direct rainfall and other sources of inflow were not accounted for in
the analysis beyond the north property line — would be the same for both the pre
and post analysis - so it was assumed that the modeled results would only change
by the same amount.

6. Complete a detailed hydraulic analysis of all proposed collection and conveyance
system elements and existing collection and conveyance elements, including outfall
structures and outlet protection, that influence the design or are affected by the
proposal, in accordance with Chapter 7 (Conveyance Systems) of this manual.
Compute and tabulate the following:

a. Identify design flows and velocities and conveyance element
capacities for all conveyance elements within the development.

Response: See Appendix D.

b. ldentify the 10 year recurrence interval stage for detention facility outfalls
(See Chapter 7). Provide stage-frequency documentation from the
continuous runoff model.

Response: Not Applicable as Flow Control was determined as not required.

c. Compute existing 100-year floodplain elevations and lateral limits for all
channels, and verify no net loss of conveyance or storage capacity from
development.

Response: The 100-yr flood plain does extend into the site generally in the
wetland area. However, this is not a channelized condition
where a rise in water level would occur or lateral limits would
be affected. The flood plain is related to a large water body-
Lacamas Lake, and this flooded area is all a backwater affect
that proceeds and exceeds relative to the water level in the lake.
A 100-yr runoff event from the site would not be occurring at in
the same time frame of a 100-yr flood event in the Lacamas
Creek/Lake system. Since the water surface in the lake at the
100-yr flood event is so large, the runoff that might be
occurring from the site would have no net rise in the water
surface and no net loss in any related conveyance.

d. Reference conveyance system elements to labeled points shown on the
site location map or development plan.

Response: Each structure (junction point) and the branch system are
referenced with structure IDs.

e. Verify the capacity of each conveyance system element to convey design
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flow and discharge at non-erosive velocities. Verify the capacity of the
onsite conveyance system to convey design flows that result from ultimate
build-out of upstream areas.

Response: See Appendix D. The design flow requirement is a 10-yr, 24-hr
event. However, a 25-yr event summary was evaluated and
presented for review. All main lines (except 2) are capable of
conveying the 100-yr event in open channel conditions. The
offsite upstream are was accounted for in an ultimate build-out
condition, even though a few of the existing larger lot residences
may remain and not be further divided.

f. Include and reference all hydraulic computations, equations, pipe flow
tables, flow profile computations, charts, nomographs, detail drawings,
and other tabular or graphic aids used to design and confirm the
performance of conveyance systems.

Response: See Appendix D.

g. Summarize the results of system analyses, and describe how the proposed
design meets the requirements of this chapter.

Response: The conveyance system design complies with
CSDSM with a few noted exceptions-see Appendix D, D-2 in
particular.

Basically, several lateral sizes of 6 and 8 inches at PerkFilter™
systems that have elevation constraints for making connection
to the main storm line.

Section K — Off-site Analysis

If applicable, provide the results of an offsite analysis prepared in accordance with
Chapter 9 (Offsite Analysis and Mitigation) of this manual. (See exemptions in Chapter 9.)

Response: See Appendix F.

Section L — Approval Conditions Summary

List each preliminary approval condition related to stormwater control, wetlands,
floodplains, and other water-related issues, and explain how the final design addresses or
conforms to each condition.

Explanation of how the Project meets the City Conditions of
Approval Relating to Stormwater from NOTICE of DECISION -
Parklands at Camas Meadows (file# SUB15-03) Effective Date
of Decision: July 13th, 2016
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#15 Prior to final engineering approval of any phase, the applicant shall
demonstrate to the satisfaction of the city that the proposed direct release meets
the criteria of 2.5.7 of the 2012 SMMWW, or provide an acceptable alternative
regional stormwater treatment and flow control system as allowed in CMC
17.19.040 (C, 3a) that will serve both this project and the Village at Camas
Meadows development south of the site, or provide a separate on-site stormwater
treatment and flow control system to serve only the subject property.

Response: The applicant has worked with the City and Ecology to provide
sufficient information demonstrating that the proposed direct release meets
the criteria of 2.5.7 of the 2012 SMMWW. See the Final Storm TIR,
Appendix B for more details and information on direct release and how
criteria are met.

#16 If direct release of stormwater flows into Lacamas Lake is approved, prior
to final plat approval of any phase the applicant shall ensure that an adequate
and acceptable perpetual stormwater easement across the Camas Meadows Golf
Course is in place and recorded with Clark County.

Response: The final design has no stormwater pipes or facilities crossing
the Golf Course so a stormwater easement is not applicable. All stormwater
from the site is released on the site into the wetland and leaves the site as
shallow flow into the off-site contiguous wetland as currently occurs and has
historically been conveyed.

#17 Stormwater runoff from the proposed lots and landscaped areas of the site
shall be directed into the streets and/or into a stormwater treatment system that
will provide adequate phosphorus removal from the yard and landscaped areas of
the site prior to release into the wetlands.

Response: The majority or 84% of the site, which the individual lot lawn
and landscaped areas, are being directed to the street and then to Perkilters.
Treatment for this co-mingled flow achieves both adequate water quality
treatment for phosphorus with 52% removal (minimum 50% removal), with
a TAPE approved system element (PerkFilter) for water quality and
phosphorus removal treatment. The PerkFiler system is rated by TAPE for
62.4% phosphorous load reduction.

As an additional voluntary measure to reduce the most likely phosphorus
sources, all commercial pads and residential lots will be required by the
HOA CC&R’s to use only fertilizers that have a zero phosphorous
designation. These restrictions will be recorded on all lots within the final
approved CCR’s for the site. These voluntary measures, if followed, will
additionally reduce the amount of phosphorus leaving the site. However,
phosphorus removal requirements for the entire site are met, even without
this voluntary measure.
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See Appendix C Water Quality, C-3a and C-3b for more detailed
phosphorus removal calculations and analysis.

A Pollutant Loading Analysis (using two different approaches) has been
provided that conservatively demonstrate 52% of the total phosphorus
leaving the total site is removed, which satisfies the DOE requirement of
50% net phosphorus removal standard. Thus, the phosphorus reduction
standard has been met when evaluating total phosphorus removed from the
entire site.

#18  Stormwater lines serving the site not located within the public right-of-
way will shall be placed within private stormwater easements and shall be
maintained by the homeowners association.

Response: Private stormwater easements have been provided for all
Stormwater lines on the site (not located within the public right-of-way).
All private stormwater facilities shall be maintained by the property
owners association or as otherwise agreed to by the City.

Section M — Special Reports and Studies

Where site-specific characteristics, such as steep slopes, wetlands, and sites located in
wellhead protection areas, present difficult drainage and water quality design problems, the
Director may require additional information or the preparation of special reports and
studies that further address the specific site characteristics, the potential for impacts
associated with the development, and the measures that would be implemented to mitigate
impacts. Special reports shall be prepared by professionals with expertise in the particular
area of analysis, who shall date, sign, stamp, and otherwise certify the report. Subjects of
special reports may include, but are not be limited to:
1. Geotechnical — See Appendix G
2. Wetlands — See Appendix G
3. Floodplains and Floodways — A floodplain does extend into the site in a backwater
condition. See comments in Section J, 6c¢.
4. Groundwater — Infiltration BMPs are not proposed.
5. Structural Design — Design for wall sections is applicable —provided as separate
document(s)
6. Fluvial Geomorphology (erosion and deposition) - Not applicable.

All special reports and studies shall be included in the technical appendix.

Section N — Maintenance and Operations Manual

The project engineer shall prepare maintenance and operations manual for each
stormwater control or treatment facility to be privately maintained, and for those that
constitute an experimental system to be maintained by the City. The manual shall be written
in an orderly and concise format that clearly describes the design and operation of the
facility. The manual shall also provide an outline of required maintenance tasks; with the
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recommended frequencies each task should be performed. The manual shall contain or
reference procedures from the Stormwater Manual.

Response: A Maintenance and Operations Manual has been prepared for the Parklands

Subdivision and the Archery Business Park. See Appendix H and Section L, responses to 3
and 4.
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APPENDIX A

A-1 GIS Development Packet
A-2 FIRM Map
A-3 Historic Basin Maps

1) Fig. 1A Historic Basin Map

2) Fig 1B Historic Basin Map — add projects
3) Fig 2A Project Areas

4) Fig 2B Soils Map

5) Fig 3 Post Subbasin Map

A-4 Selected Soils Data

A-5 Isopluvial Maps
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General Location Map

Account No: 175948000, 986031650
Owner: CHINOOK LAND OWNERS GROUP LLC -
Address: 1400 NW 63RD ST

C/S/Z: VANCOUVER, WA 98663

Geographic Information System v
&® Subject Property Location N 5

1:24,000
0 0.1 0.2 0.3 0.4 o.sMiIes Information shown on this map was
collected from several sources. Clark
County accepts no responsibility for
any inaccuracies that may be present

Developer's GIS Packet: Page 1 of 15
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Property Information Fact Sheet

Mailing Information:
Account No.: 175948000, 986031650
Owner: CHINOOK LAND OWNERS GROUP LLC
Address: 1400 NW 63RD ST
C/S/Z: VANCOUVER, WA 98663
Assessed Parcel Size:36.43 Ac
Property Type: UNUSED LAND TIMBERED.

“

PARCEL LOCATION FINDINGS:

Quarter Section(s): SE 1/4,528,T2N,R3E, Late-Comer Area: No Mapping Indicators

SW 1/4,528,T2N,R3E Trans. Impact Fee Area: Camas
Municipal Jurisdiction: Camas Park Impact Fee District: No Mapping Indicators
Urban Growth Area: Camas Neighborhood A ssociation: No Mapping Indicators
Zoning:BP, R-15 School District: Camas
Zoning Overlay: PlannedindustrialDevelopmentOverlay Elementary School: Grass Valley
Comprehensive Plan Designation:IND, Junior High School: Skyridge Middle

SFL Senior High School: Camas

Columbia River Gorge NSA: No Mapping Indicators Fire District: Camas Washougal FD
Building Moratorium:No Mapping Indicators Sewer District: Camas

Water District: None
Wildland: No Mapping Indicators
Historic Sites: No Mapping Indicators
“
ENVIRONMENTAL CONSTRAINTS:
Soil Type(s): CvA, 21.3% of parcel
HcB, 2.1%
HceD, 67.0%
HcE, 0.4%
LeB, 9.2%
Hydric Soils: Hydric, 21.3% of parcel
Non-Hydric, 78.7%
Flood Zone Designation: 500 Year Flood Area,
Floodway Fringe,
Outside Flood Area
CARA:Category 2 Recharge Areas
Liquefaction Susceptibility: Very Low
NEHRP: C
Slope: 0 - 5 percent, 56.2% of parcel
10 - 15 percent, 12.5%
15 - 25 percent, 2.9%
5 - 10 percent, 28.4%
Landslide Hazards: Slopes > 15%
Slope Stability: No Mapping Indicators
Priority Habitat and Species Areas: Riparian Habitat Conservation Area,
Species
Priority Species Area Buffer: WDFW Priority Species Buffer
Priority Habitat Area Buffer: No Mapping Indicators -
Archeological Predictive: High, 85.2% of parcel
Moderate-High, 14.8%
Archeological Site Buffers: Mapping Indicators Found

**tNOTEt**
This data is compiled from many sources and scales. Clark county makes this information available as a service, and accepts
no responsibility for any inaccuracy, actual or implied. :

DEVELOPERS GIS PACKET, Page 2 0f 15
Printed: February 04, 2015
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2014 Aerial Photography with Contours
Account No: 175948000, 986031650
Owner: CHINOOK LAND OWNERS GROUP LLC
Address: 1400 NW 63RD ST
C/SIZ: VANCOUVER, WA 98663

Geographic Information System [] Proposed Development Area

1:3,600 2' Elevation Contours
0 300

Feet Information shown on this map was
[ ee——— Ll collected from several sources. Clark

Developer's GIS Packet: Page 5 of 15 County accepts no responsibility for

any inaccuracies that may be present
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SOIL INFORMATION

— selected text from USDA Soil Survey report of Clark County, Washington issued November 1972

See Geotech Report, Appendix E
» See page 10 for table with depth to bedrock information.

Cove Series
— selected text from USDA Soil Survey report of Clark County, Washington issued November 1972,

The Cove series consists of deep, very poorly drained, mostly nearly level soils (fig. 3). These
soils have a clayey subsoil. They formed in water-laid deposits in old lakes and ponds. The native
vegetation is deciduous trees, sedges, reeds, and water-tolerant shrubs and grasses.

Cove soils are used primarily for pasture.

Cove silty clay loam, 0 to 3 percent slopes (CvA).—This soil is in concave drainageways and
in large, flat, old lakebeds. The slope is generally less than 1 percent.

In a typical profile the surface layer is very dark gray silty clay about 4 inches thick. Below
this is firm clay about 32 inches thick. It is black in the upper part and very dark gray and
mottled in the lower part. The underlying material, to a depth of 54 inches, is mottled, light
olive-gray gravelly silty clay loam.

Included in mapping were small areas where the surface layer is gravelly silt loam, silty
clay, or clay. Also included were areas where the subsoil is gravelly clay.

This soil is very poorly drained and very slowly permeable. Tillage is difficult. The available
water capacity and fertility are low. The effective rooting depth averages less than 15 inches.
Surface runoft is very slow, and ponding is common in winter unless drainage is provided. There
is no hazard of erosion.

Water-tolerant grasses and legumes are well suited, but these plants must also resist drought
because this soil is droughty in summer. Tall fescue, meadow foxtail, birdsfoot trefoil, and
white Dutch clover are suited grasses and legumes

Hesson Series
— selected text from USDA Soil Survey report of Clark County, Washington issued November 1972.

The Hesson series consists of deep, well-drained soils that are mostly level to gently rolling. Some areas
are hilly and very steep. These are moderately fine textured soils that have a fine textured subsoil. The
parent material is deeply weathered, mixed old alluvium that contains varying amounts of gravel. The
original vegetation is a heavy growth of Douglas-fir and a scattering of western redcedar and grand fir.
The understory consists principally of vine maple, salal, Oregongrape, ferns, and red huckleberry.

All the acreage has been logged. Areas not in cultivation are in second-growth timber. The understory is
similar in composition to that of the native stands. Red alder is dominant in some areas. The annual
precipitation ranges from 50 inches to more than 60 inches.

[Hesson clay loam, 0 to 8 percent slopes (HcB)J This is the dominant soil of the high terraces along the
mountain foot slopes in the county. In most places the slope is 2 to 5 percent. The relief is undulating.
Slopes are generally short to moderate in length.

Page 1 of 3
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SOIL INFORMATION
— selected text from USDA Soil Survey report of Clark County, Washington issued November 1972

In a typical profile the surface layer is dark reddish brown clay loam about 8 inches thick. The subsurface
layer is dark reddish-brown clay loam about 4 inches thick. Below this layer is friable, dark reddish-
brown clay loam about 10 inches thick. The next layer, to a depth of about 91 inches, is reddish-brown
clay. In sequence from the top, the uppermost 18 inches is friable, the next 39 inches is firm, and the
lower 12 inches is very firm.

Included in mapping were some areas that are nearly level or are slightly depressional and have a slightly
mottled layer at a depth of 30 to 40 inches. This indicates reduced permeability and a temporary perched
water table during rainy periods.

This soil is well drained and has moderately slow permeability. The available water capacity is high, and
fertility is moderate. Problems arise in the proper scouring of tillage equipment when the soil is worked at
about field capacity. Tillage is difficult when the surface layer is nearly dry. Surface runoff is slow, and
the erosion hazard is slight.

[Hesson clay loam, 8 to 20 percent slopes (HcD).-This soil is similar to Hesson clay loam, 0 to 8 percent
slopes, except that the surface layer generally is 1 to 2 inches thinner. In places where erosion has been
active, the surface layer is 2 to 4 inches thinner. The slopes are generally single and are moderate in
length.

Most areas of this soil are cleared and in cultivation, but use is less intensive than on Hesson clay loam, 0
to 8

percent slopes. Runoff is medium, and the erosion hazard is moderate where the surface is left bare in
winter.

Lauren Series
—selected text from USDA Soil Survey report of Clark County, Washington issued November 1972.

The Lauren series consists of deep, somewhat excessively drained, nearly level to gently sloping soils on
terraces 50 to 300 feet above the Columbia River. In a few places, on terrace fronts, the soils are steep to
very steep. These are very gravelly soils that formed in mixed Columbia River alluvium that contained
some volcanic ash. Lauren soils are in the southwestern part of the county, in the vicinity of Mill Plain,
Orchards, and Fourth Plain. The original vegetation was Douglas-fir, grand fir, bigleaf maple,

vine maple, salal, and ferns. The average annual precipitation is about 48 inches.

Nearly all the acreage is cleared and in cultivation or suburban development. There are a few stands of
second growth Douglas-fir in farm woodlots.

Lauren gravelly loam, 0 to 8 percent slopes (LgB).-This soil occurs on terraces. The slopes are
generally less than 4 percent and approach 8 percent only along the terrace breaks.

In a typical profile the surface layer is very dark brown gravelly and very gravelly loam about 20 inches
thick. Below the surface layer is friable, dark-brown very gravelly loam about 13 inches thick. The next
layer is dark-brown very gravelly coarse sandy loam about 11 inches thick. The underlying material, to a
depth of 70 inches, is dark-brown very gravelly loamy coarse sand.

Included in mapping were a few small areas where very gravelly loamy coarse sand is within 30 inches of
the surface.This soil is somewhat excessively drained and easily tilled. Permeability generally is
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SOIL INFORMATION
— selected text from USDA Soil Survey report of Clark County, Washington issued November 1972
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moderately rapid, but it is rapid in the substratum. The available water capacity is moderate. Fertility is
moderate. Surface runoff is slow, and the erosion hazard is slight.

Note: This geotech report by Columbia West Engineering, Inc. reports the following,.

The Web Soil Survey (United States Department of Agriculture, Natural Resource

Conservation Service [USDA NRCS], 2013 Website) indicates the site is underlain by

three soil types. Hesson clay loam soils are mapped on the majority of the site from the
northwest corner to the southwest corner of the property, while Cove silty clay loam and
Lauren gravelly loam soils are mapped in the northern and northwestern portions of the

property, respectively. Soils resembling the Lauren series were not encountered during
subsurface excavation. *

Although actual on-site soils may vary from the broad USDA descriptions, Lauren soils are
generally coarse-textured, well drained soils with rapid permeability. Cove soils are
generally fine-textured, poorly drained soils with very slow permeability and high shrinkswell
potential. Hesson soils are fine-textured, well drained soils with moderately slow
permeability and moderate shrink-swell potential.

* Review of the report reveals that TP1 and TP 2 were explored in this area of the site. Poorly
graded GRAVEL with silt and sand was observed. Refusal was within 2.5 to 3 feet of the surface.

Permeability: Cove soils are at the wetland and listed at less than 0.06 in/hr in the 0-36 inch depth.
Hesson soils located south of the wetlands and listed at less than 0.63 to 2.0 in/hr in the 0-22 inch depth.

This indicates that some infiltration will occur at the proposed biorention facilities even though the
majority will be collected in underdrain systems and conveyed in the storm system piping.
Also, some infiltration may occur at the proposed systems in the wetland buffers — not significant.

Cove: CvA.

Cove, thin solum:
WA,

Dollar: DoB.

Fill land: Fn.
Gee: GeB, GeD,
GeE, A

GeF

Gumboot: GuB.

Hesson:
HeB, HeD, HcE,
HcF.

HgB, HgD, HhE.

0-36
36-54

0-14
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®
0-22
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Figure A-2: 2-Year, 24-Hour Clark County Isopluvial Map
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Figure A-3: 10-Year, 24-Hour Clark County Isopluvial Map
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Figure A-4: 25-Year, 24-Hour Clark County Isopluvial Map
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Figure A-5: 100-Year, 24-Hour Clark County isopluvial Map
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APPENDIX B

B-1 Minimum Requirements #1 -#9 Responses

B-2 MR #8 Wetlands Protection Evaluation
B-2a Support files for Hydroperiod Evaluation
B-2b MR #8 Annual WLF Comparison
B-2c MR #8 Monthly WLF Comparison

B-3 MR #7 Flow Control
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APPENDIX B-1

Section B (REPORT) - MINIMUM REQUIREMENTS #1-#9 - RESPONSES

Section B - Minimum Requirements

The “Parklands Executive Residential Subdivision and Parklands
Business Park” proposal contains three threshold discharge areas
(TDAs) which are subject to minimum requirements 1 — 10.

1. Preparation of Stormwater Site Plans
Finalized.
2. Construction Stormwater Pollution Prevention

A SWPP will be prepared for implementation. An erosion control plan will be part of the
construction plan set.

3. Source Control of Pollution

See Final TIR, Section D — Source Control

4. Preservation of Natural Drainage Systems and Outfalls

There are no existing onsite drainage systems of significance for the overland flow to the
wetland areas. See continued discussion under next Minimum Requirement.

5. Onsite Stormwater Management

See Final TIR, Section E — Onsite Stormwater Management BMPs

6. Runoff Treatment

See Final TIR, Section F — Runoff Treatment and Design

7. Flow Control
See Final TIR, Section G — Flow Control Analysis and Design

8. Wetlands Protection

See Final TIR, Section | — Wetlands Protction

Basin/Watershed Planning

Not applicable per Camas Stormwater Manual.
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APPENDIX B-1

Section B (REPORT) - MINIMUM REQUIREMENTS #1-#9 - RESPONSES

9. Operation and Maintenance

An Operation and Maintenance procedure document has been developed to include City of
Camas procedures and processes. The Clark County Stormwater Facility Maintenance

Manual and DOE references are also be referred to for additional or appropriate
procedures.
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APPENDIX B-2 MINIMUM REQUIREMENT # 8 WETLAND PROTECTION
EVALUATION FOR COMPLIANCE

Our evaluations for Minimum Requirement #8 Wetland Protection is based on the following reference
and the applicable section.

Appendix 1-D Wetlands and Stormwater Management Guidelines

Guide Sheet 2B: Guidelines for Protection from Adverse
Impacts of Modified Runoff Quantity Discharged to
Wetlands

Per our conference call with DOE, several City staff, and their consultant, we understand that since this
wetland is not classified as category 1 or 2, the provision for wetland protection is subject to whether or
not the City determines protection is required and to what extent. We are proposing to meet water
quality protection, implement erosion control practices, and provide the required wetland buffers.

We have already provided extensive analysis related to protection of elements related to hydroperiod.
Our approach has been made relative to determining the hypothetical differences between a
continuous model based on existing conditions and one based on future full build conditions for the
watershed with runoff to this portion of the wetland — the portion receiving inflow from our site. This
analysis is described in the above reference as follows:

“This analysis hypothesizes a fluctuating water stage over time
before development that could fluctuate more, both higher and
lower after development; these greater fluctuations are termed
stage excursions. The guidelines set limits on the frequency and
duration of excursions, as well as on overall water level
Sfluctuation, after development.”

There are two descriptions presented for determining existing hydroperiod data. The first or
preferred process is not fully practical, as it is based on

“the model being calibrated with at least one year of data taken using a continuously
recording level gage under existing conditions and should be run for the historical rainfall
period.”

This analysis would be limited to a one year evaluation as the post full build model would need
to be based on the same temperature, rainfall data, etc. for the comparison. The second
description is more representative of the approach that has been applied to date for this
analysis. Although the first portion is still proposing data gathering for a period of time, the
evaluation of the data is more in line with the approach undertaken in our analysis.
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APPENDIX B-2 MINIMUM REQUIREMENT # 8 WETLAND PROTECTION
EVALUATION FOR COMPLIANCE

The following information seems to be the most applicable criteria for evaluating the hydroperiod
responses for this sloped wetland.

2. The following hydroperiod limits characterize wetlands with
relatively high vegetation species richness and apply to all zones
within all wetlands over the entire year. If these limits are
exceeded, then species richness is likely to decline. If the analysis
described above forecasts exceedences, one or more of the
management strategies listed in step 5 should be employed to
attempt to stay within the limits.

e Mean annual Water Level Fluctuations (WLF) (and mean
monthly WLF for every month of the year) does not exceed
20 cm (8 inches or 0.66 ft). Vegetation species richness
decrease is likely with: (1) a mean annual (and mean
monthly) WLF increase of more than 5 cm (2 inches or 0.16
ft) if pre- development mean annual (and mean monthly)
WLF is greater than 15 cm, or (2) a mean annual (and mean
monthly) WLF increase to 20 cm or more if pre-
development mean annual (and mean monthly) WLF is 15
cm (6 inches or 0.5 ft) or less.

Finding: The evaluation for the mean annual WLF and mean monthly WLF for every
month of the year has been completed for the 60-yr span from 1948 through 2008. The
results have also been arranged from highest WFL to lowest WLF for these two evaluations.

» The largest mean annual WLF is 0.10 inches or 0.008 ft (significantly less than the
allowed 8 in or 0.66 ft) and the largest mean monthly WLF is 0.43 inches or 0.036 ft
(significantly less than the allowed 6 inches or 0.5 ft).

See separate files:
MR#8-01 Annual Mean Average Values — compare Water Level Fluctuations (WLF)
MR#8-02 Monthly Mean Average Values — compare Water Level Fluctuations (WLF)

« The frequency of stage excursions of 15 cm above or below
pre- development stage does not exceed an annual average of
SiX.

Note: A short-term lagging or advancement of the continuous
record of water levels is acceptable. The 15 cm limit applies to
the temporary increase in maximum water surface elevations
(hydrograph peaks) after storm events and the maximum
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APPENDIX B-2 MINIMUM REQUIREMENT # 8 WETLAND PROTECTION
EVALUATION FOR COMPLIANCE

decrease in water surface elevations (hydrograph valley
bottoms) between events and during the dry season.

Finding: There are no stage excursions of 15 cm (6 inches or 0.5 ft) above or below pre -
development stage based on site modeling results.

The duration of stage excursions of 15 cm above or below pre- development stage does not
exceed 72 hours per excursion. Note: A short-term lagging or advancement of the continuous
record of water levels is acceptable. However, the 15 cm limit applies throughout the entire
hydrograph, not just the peaks and valleys.

e The total dry period (when pools dry down to the soil surface
everywhere in the wetland) does not increase or decrease by
more than two weeks in any year.

o Alterations to watershed and wetland hydrology that may
cause perennial wetlands to become vernal are avoided.

Finding: There is no duration of stage excursions of 15 cm (6 inches or 0.5 ft) above or
below pre- development stage based on site modeling results.

Other files (separate document) used to develop the input for modeling:
1. Site Background Info

May 11, 2016 Field Observations

Cross section locations — outflow route

HCAD - Control Cross Section for Wetland - WWHM input to SDD Table

HCAD Single Event Hydrograph Plot

newN

Summary:

e The modeled largest mean annual WLF and the largest mean monthly WLF are
both significantly less than the allowed limits.

e Modeling results of the site for both stage excursions, and duration of stage
excursions, all fall well within the allowed limits above or below pre-development
stage.

e Based on these results, the site can or does meet the requirements of Minimum
Requirement #8 — Wetland Protection Evaluation for Compliance.
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APPENDIX b-2a SUPPORT FILES FOR HYDROPERIOD EVALUATION

1. Site Background Info — The Parklands in Camas, WA

There are 42 proposed residential lots of 15,000 sf minimum and the remainder as a business park. The
offsite area from the south is a mix of residential and multi-unit housing. The road section between the
two projects is about 2.4 acres.

There are three wetland portions for the onsite wetland designated as wetland A, Wetland B, and
wetland C. Wetland A and B are separated by a road crossing with two 12 inch culverts and wetland B
and C are separated by a road crossing with two 12 inch culverts.
Wetland A: 5.97 acres
Wetland B: 1.37 acres
Wetland C: 0.11 acres

7.44 acres total

The wetland buffer is 50 ft wide and includes another 3.5 acres. The remaining site area is 25.42.
Another project (approx. 18 acres) is under review and an area to the west of about 14 acres has been
accounted for as future development.

Note: The existing condition areas and post-development full build contributing areas are listed
in file MR#8-01 Annual Mean Average Values — compare Water Level Fluctuations (WLF).
The project basin maps represent the delineation of these contributing areas.

The site is underlain with sandstone and refusal varied from 3 ft to 6.5 ft at seven locations. The wetland
continues (as a contiguous wetland) north for approximately another 600 feet to Lacamas Lake. The
offsite portion is about 900 ft wide and is mostly reed canary grass and some wooded area before
entering the Lake.
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APPENDIX b-2a SUPPORT FILES FOR HYDROPERIOD EVALUATION

2. May 11, 2016 Field Observations

— large rockery wall at right side of flow path (along edge of golf green)

Looking north from site

view from cart path crossing

—rockery wall now on left side of flow path

Looking back at site
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APPENDIX b-2a SUPPORT FILES FOR HYDROPERIOD EVALUATION

at left

Closer view of rockery and flow path at rockery
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APPENDIX b-2a SUPPORT FILES FOR HYDROPERIOD EVALUATION

Same area along rockery wall

Outlet to Lacamas Lake — later determined there are two outfall locations — the other is 190 ft to the
east.
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APPENDIX b-2a SUPPORT FILES FOR HYDROPERIOD EVALUATION
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APPENDIX b-2a SUPPORT FILES FOR HYDROPERIOD EVALUATION
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APPENDIX b-2a SUPPORT FILES FOR HYDROPERIOD EVALUATION

4. HCAD — Control Cross Section for Wetland = WWHM input to SDD Table

Parklands - per Survey Type IA 24-hr 100-yr Rainfall=5.30"

Prepared by Hewlett-Packard Company Printed 7/21/2016
HydroCAD® 10.00-15_s/n 08107 © 2015 HydroCAD Software Solutions LLC

Summary for Reach CH: outflow from site

Inflow Area = 92.930 ac, 0.00% Impervious, Inflow Depth = 3.05" for 100-yr event
Inflow = 27.77 cfs @ 11.07 hrs, Volume= 23.638 af
Outflow = 27.76 cfs @ 11.15 hrs, Volume= 23.638 af, Atten=0%, Lag= 4.6 min

Routing by Stor-Ind+Trans method, Time Span= 0.00-48.00 hrs, dt= 0.03 hrs / 3
Max. Velocity= 0.65 fps, Min. Travel Time= 2.4 min
Avg. Velocity = 0.30 fps, Avg. Travel Time= 5.2 min

Peak Storage= 3,992 cf @ 11.11 hrs
Average Depth at Peak Storage= 1.00'
Bank-Full Depth= 1.35' Flow Area= 79.4 sf, Capacity= 59.05 cfs

Custom cross-section, Length= 93.0' Slope= 0.0029'/' (101 Elevation Intervals)
Constant n= 0.080 Earth, long dense weeds
Inlet Invert= 187.18', Outlet Invert= 186.91"

Offset Elevation Chan.Depth

(feet) (feet) (feet)
-41.00 188.53 0.00
0.00 188.14 0.39
10.00 187.66 0.87
20.00 187.18 1.35
30.00 187.38 1.15
40.00 187.83 0.70
50.00 187.76 077
60.00 187.48 1.05
70.00 187.65 0.88
78.30 188.14 0.39
83.00 188.53 0.00
Depth End Area Perim. Storage Discharge
(feet) (sg-ft) (feet) (cubic-feet) (cfs)
0.00 0.0 0.0 0 0.00
0.20 1.4 14.2 132 0.31
0.30 3.0 18.5 284 0.91
0.47 8.2 41.9 761 276
0.48 8.6 42.8 800 2.95
0.58 13.4 524 1,243 5.37
0.65 175 66.6 1,630 7.22
0.96 40.0 78.4 3,719 25.53
1.35 79.4 124 .1 7,387 59.05
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APPENDIX b-2a SUPPORT FILES FOR HYDROPERIOD EVALUATION

5. HCAD Single Event Hydrograph Plot

FIG. 1 COMPARE HISTORIC FLOW AND POST FULL- BUILD FLOW

» 100-yr, 24-hr, single event — Flow at Cross-section at north property line
» No Flow Control per Min. Requirement #7

Z2, Compare Parklands - per Survey — O et

Summary | Hydrograph |F‘rimﬂr5r j

Primary Comparison
— Pond 25PF
= Pond V-4

ESIEE 50.53 Cifs SRl e o

8 E
E . Table
£ 5 20
i Print
I Export
0 5 10 15 20 25 30 35 40 45
Time {(hours) Help

> Red is Historic and green is Post-Full Build

Even though post flow is nearly twice the historic, it is ‘quickly’ attenuated and the falling limb soon
matches the historic (would also match existing condition).

A rough estimate of the volume during the peak is about 68,000 cu ft in about a 1.75 hour period of
time.

The 100-yr,24-hr event Historic volume is 21.126 ac-ft and the Full-Build volume is 24.707 ac-ft or a 17%
increase.

Historic:

The maximum velocity at the control section is 0.64 fps and the average for the event is 0.30 fps.
Post Full Build:

The maximum velocity at the control section is 0.72 fps and the average for the event is 0.36 fps.

> These are not erosive velocities as the typical erosive velocity would be above 3 fps.
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APPENDIX B WETLAND PROTECTION
B-2b MR #8 ANNUAL WLF COMPARISON

WWHM Input Values

72.36 Acres and add other three areas = 86.13 Acres

Larkspur = 6.5 Acres Lacamas Estates = 6.55 Acres
g B3 + Predeveloped/Fre-Froject Report Summary s

Predeveloped Scenario Report Options

B3+ Predeveloped/Pre-Project Report Summary g

. . + Predeveloped/Pre-Project Report 5
Predewveloped Scenario Report Options &1 Predeveloped/Pre-Project Report Summary

Predeveloped Scenario Report Options

Landuse Basing

Landuse Basinz
EXISTING CONDITION ] Larkspul

Landuse Basins
EXISTING COMDITION

Larkzpurl ] Lacamas Estatas] 3 Rear Lnts]

Lacamas Estales] 3 Rear Lots]

Basin Downstream Connections . . i i
Basin Downstream Connecians Basin Downstream Connections

| Surface Flow ‘ | Irterflove | | Groundwater ‘

[ ssbTabe1 | [ cSsDTable1 | | \

Surface Flow | | Interflow | ‘ Groundwater ‘

‘ Surface Flow ‘ | Interflow | | Groundwater | |
‘ D Ll ‘ | D e | | | | S50 Lacamas | | S50 Lacamas | ‘ ‘

Pervious and Impervious Landuse Types and Areas Fervious and Impervious Landuse Types and Areas

Fervious and Impervious Landuse Types and Areas

|PEF|LND Mame | | Arealac) | ‘IMF’LND Mame | ‘ Arealac) | ‘PEHLND Name | | Freaac) | |IMPLND e | | Fueaac) | |PEF|LND Marme | | Arealac) ‘ |IMPLND Name | | Lrealac) |
EE; ::z :Zt I I izi I }:E’;EiﬁdPZ[jFMT I } E:g I 5G3, Field, Flat | [ 31% | [ROADSAHLAT [ 3z ]| | [563 LawnFlat | [ 20m ] ISDU:EWU“ I I U“U js I
533, Farest, Mo |[ am | [PowD I (FoND J[ oo | '

[5G3 Field. Flat I

[563, Figld, Mod [ 1zes |

[5G4, Forest. Flat [ 1z Full Development = 71.55 Acres. The add other three areas

85.32 Acres in model
3 Lots = 0.72 Acres - input as HSG D (composite with roofs)

- B [=
B3+ Predeveloped/Pre-Project Report Summary @ iyt SiemEie e O

Fredeveloped Scenario Beport Options
Landuse Basinz

FULL BUILD CONDITION ] Larkspurl] Lacamas Estatas] 3 Rear Lots]
EXISTING CONDITION | Larkspurl| Lacamas Estates 3 Rear Lots | ‘

Basin Downstream Connections

Landuse Basins

Basin Downstream Connections

| Surface Flow ‘ | Interflow | | Groundwater |

[ ssbTable1 | [ ssDTable1 | | |

| Surface Flow | | Interflow | | Groundeater |

[ SbTablei | [ se0Tabedl | | |

. . Pervous and Impervious Landuse Types and Areas
FPervious and Impervious Landuse Types and Areas

|PEHLND Mame | | Areafac) | |IMPLND Mame | | Areafac] |
|PEF|LND Mame | | Areafac) | |IMF'LND Mame ‘ | Areafac) |
[5G3, Forest, Flat | [ 3391 | [ROADS/FLAT | [ 17ae |
(B L 7 553, Forest, Mod | [ 13 | [ROADS/MOD I 4 |
[5G4, Forest, Flat |[ 7 | [PooOFTOPSALET | [ 3332 |
Notes: G2, Lawn, Flat | [ 1ze+ | [FOND I 4 |
1. Both models apply surface runoff and interflow conditions but not groundwater. Assumed sandstone close to surface at site and to south of site is restrictive. 562, Lawn, Mod | 10 |
2. Both models are based on the same SSD Table input and based on the same control section forflow release. 3, Lawn, Mod | [ e |

3. Both model apply precipitaion and evaporation to the wetland ponding surface. Actually this area was already accounted for as 4 acres in runoff area summaries. it was
e Since it was applied in the same manner to both, it doesn't skew the revative difference in WLFs.
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APPENDIX B WETLAND PROTECTION
B-2b MR #8 ANNUAL WLF COMPARISON

Chronologic Order (Part 1) Chronologic Order (Part 2) WEFL - Highest to Lowest (Part 1) WEFL - Highest to Lowest (Part 2)
Yearly 1000 SSD 1003 SsD WFL Yearly 1000 SSD | 1003 SSD WFL I Yearly 1000 SSD | 1003 SSD WFL Yearly 1000 SSD | 1003 SSD WFL
Start in Octobel] Table 1 Table 1 Stage Startin October| Tablel | Table1 Stage Startin Octobeq] Tablel | Table1 Stage Startin October| Table1l | Table1 Stage
Annual Stage Stage Diff. Annual Stage Stage Diff. Annual Stage Stage Diff. Annual Stage Stage Diff.
Basis Existing Post-full (ft) Basis Existing | Post-full (ft) Basis Existing | Post-full (ft) Basis Existing | Post-full (ft)
10/1/1948 0.5395406 0.6758 0.136 10/1/1979 0.530083 | 0.661415 0.131 10/1/1997 0.53199 | 0.829502 | 0.298 10/1/1969 1.006669 | 1.195714 0.189
10/1/1949 0.5338328 0.725099 0.191 10/1/1980 0.602645 [ 0.863093 0.260 10/1/1968 0.568383 | 0.862985 0.295 10/1/2003 0.509367 | 0.69792 0.189
10/1/1950 0.5396591 | 0.679822 0.140 10/1/1981 0.603908 | 0.77411 0.170 10/1/1995 0.656995 | 0.947417| 0.290 10/1/1985 0.516684 | 0.703085 0.186
10/1/1951 0.5205137 0.791648 0.271 10/1/1982 0.633952 [ 0.851683 0.218 10/1/1992 0.53982 | 0.826355 0.287 10/1/1955 0.714655 | 0.900133 0.185
10/1/1952 0.5279581 | 0.690198 0.162 10/1/1983 0.502442) 0.613586| 0.111 10/1/1978 0.550434 | 0.835704| 0.285 10/1/1964 0.559686 | 0.744215 0.185
10/1/1953 0.5484218 0.76568 0.217 10/1/1984 0.506779 | 0.709827 0.203 10/1/1951 0.520514 | 0.791648 0.271 10/1/1963 0.545063 | 0.725677 0.181
10/1/1954 0.5154371 | 0.615881 0.100 10/1/1985 0.516684 | 0.703085 0.186 10/1/1967 0.535678 | 0.798385| 0.263 10/1/1959 0.50478 | 0.681179 0.176
10/1/1955 0.7146549 0.900133 0.185 10/1/1986 0.5589 | 0.701622 0.143 10/1/2006 0.512854 | 0.77507 0.262 10/1/1981 0.603908 | 0.77411 0.170
10/1/1956 0.5493676 | 0.757547 0.208 10/1/1987 0.500365 | 0.61721 0.117 10/1/1980 0.602645 | 0.863093 | 0.260 10/1/1971 0.533525 | 0.700894 0.167
10/1/1957 0.5488995 0.802242 0.253 10/1/1988 0.501101 [ 0.635145 0.134 10/1/1994 0.524672 | 0.781118 0.256 10/1/1974 0.520287 | 0.684284 0.164
10/1/1958 0.47091 0.581094 0.110 10/1/1989 0.454764 | 0.611058 | 0.156 10/1/2007 0.525068 | 0.779752 | 0.255 10/1/1990 0.507534 | 0.671266 0.164
10/1/1959 0.5047801 0.681179 0.176 10/1/1990 0.507534 | 0.671266 0.164 10/1/1972 0.528307 | 0.782503 0.254 10/1/1952 0.527958 | 0.690198 0.162
10/1/1960 0.5394353 | 0.791504 0.252 10/1/1991 0.52322 [ 0.661414| 0.138 10/1/1957 0.5489 | 0.802242| 0.253 10/1/1989 0.454764 | 0.611058 0.156
10/1/1961 0.5176865 0.750177 0.232 10/1/1992 0.53982 | 0.826355 0.287 10/1/1960 0.539435 [ 0.791504 0.252 10/1/2000 0.418002 [ 0.57303 0.155
10/1/1962 0.520259 0.727708 0.207 10/1/1993 0.559034 | 0.767289 | 0.208 10/1/1973 0.645543 | 0.883976| 0.238 10/1/1999 0.418597 | 0.56493 0.146
10/1/1963 0.5450631 0.725677 0.181 10/1/1994 0.524672 | 0.781118 0.256 10/1/1977 0.615756 | 0.853217 0.237 10/1/1976 0.419543 | 0.562605 0.143
10/1/1964 0.5596859 | 0.744215 0.185 10/1/1995 0.656995 | 0.947417 | 0.290 10/1/1961 0.517687 | 0.750177 | 0.232 10/1/1986 0.5589 | 0.701622 0.143
10/1/1965 0.5438498 | 0.746706 0.203 10/1/1996 0.679676 | 0.885464 | 0.206 10/1/2002 0.57146 | 0.799171| 0.228 10/1/1950 0.539659 | 0.679822 0.140
10/1/1966 0.5186027 | 0.654297 0.136 10/1/1997 0.53199 [ 0.829502 0.298 10/1/2005 0.532091 ) 0.754634| 0.223 10/1/1991 0.52322 | 0.661414 0.138
10/1/1967 0.5356779 | 0.798385 0.263 10/1/1998 0.549406 | 0.763878 | 0.214 10/1/1982 0.633952 | 0.851683 | 0.218 10/1/1948 0.539541 | 0.6758 0.136
10/1/1968 0.5683826 | 0.862985 0.295 10/1/1999 0.418597 | 0.56493 0.146 10/1/1953 0.548422 | 0.76568 0.217 10/1/1966 0.518603 | 0.654297 0.136
10/1/1969 1.006669 1.195714 0.189 10/1/2000 0.418002 [ 0.57303 0.155 10/1/1998 0.549406 | 0.763878 | 0.214 10/1/1988 0.501101 | 0.635145 0.134
10/1/1970 0.5031672 | 0.603265 0.100 10/1/2001 0.571142 | 0.778123 0.207 10/1/1975 0.561287) 0.774875| 0.214 10/1/1979 0.530083 | 0.661415 0.131
10/1/1971 0.5335248 | 0.700894 0.167 10/1/2002 0.57146 | 0.799171 0.228 10/1/1993 0.559034 | 0.767289| 0.208 10/1/2004 0.501092 | 0.625087 0.124
10/1/1972 0.5283074 | 0.782503 0.254 10/1/2003 0.509367 | 0.69792 0.189 10/1/1956 0.549368 | 0.757547 | 0.208 10/1/1987 0.500365 | 0.61721 0.117
10/1/1973 0.6455432 | 0.883976 0.238 10/1/2004 0.501092 | 0.625087 | 0.124 10/1/1962 0.520259 | 0.727708 | 0.207 10/1/1983 0.502442 | 0.613586 0.111
10/1/1974 0.5202874 | 0.684284 0.164 10/1/2005 0.532091 | 0.754634| 0.223 10/1/2001 0.571142) 0.778123 | 0.207 10/1/1958 0.47091 | 0.581094 0.110
10/1/1975 0.5612866 | 0.774875 0.214 10/1/2006 0.512854 [ 0.77507 0.262 10/1/1996 0.679676 | 0.885464 | 0.206 10/1/1954 0.515437 | 0.615881 0.100
10/1/1976 0.4195426 | 0.562605 0.143 10/1/2007 0.525068 | 0.779752 0.255 10/1/1984 0.506779 | 0.709827 | 0.203 10/1/1970 0.503167 | 0.603265 0.100
10/1/1977 0.6157556 | 0.853217 0.237 10/1/2008 0 0 0.000 10/1/1965 0.54385 | 0.746706 | 0.203 10/1/2008 0 0 0.000
10/1/1978 0.5504337 | 0.835704 0.285 10/1/1949 0.533833 | 0.725099 | 0.191
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APPENDIX B WETLAND PROTECTION
B-2c MR #8 - MONTHLY MEAN AVERAGE VALUES
COMPARE WATER LEVEL FLUCTUTAIONS (WLF)
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B-2c MR #8 - MONTHLY MEAN AVERAGE VALUES
COMPARE WATER LEVEL FLUCTUTAIONS (WLF)

Chronologic Order (Part 1) Chronologic Order (Part 2) WEFL - Highest to Lowest (Part 1) WEFL - Highest to Lowest (Part 2)
Month/Yr] 1000 SSD |1003 SSD WFL Month/Yr| 1000 SSD | 1003 SSD WFL Month/Yr| 1000 SSD | 1003 SSD WFL Month/Yr| 1000 SSD | 1003 SSD WFL
Table 1 Table 1 Stage Table1 | Table1 Stage Table1 | Table1 Stage Table1l | Table1 Stage

Monthly Stage Stage Diff. Monthly | Stage Stage Diff. Monthly | Stage Stage Diff. Monthly | Stage Stage Diff.
Basis Existing Post-full (ft) Basis Existing | Post-full (ft) Basis Existing | Post-full (ft) Basis Exsting | Post-full (ft)
HEHEHEHE 0 0 0.000 HEHA#### | 0.166803 | 0.362183 ( 0.195 HEHAH#A##) 0.563138 | 0.947417| 0.384 6/1/1978| 0.417998 | 0.575578 | 0.158
HHH##### | 0.3889198 | 0.543298| 0.154 HHHH### | 0.441239 | 0.584979| 0.144 HHH###H# | 0.53199 | 0.829502| 0.298 HHH##H### | 0.402059 | 0.559504 | 0.157
HitH##H | 0.4606003 | 0.585275| 0.125 HiHHH#H#H | 0.39488 | 0.549545| 0.155 9/1/1969 | 0.568383 | 0.862985| 0.295 HHHH### ] 0.437768 | 0.595015| 0.157
1/1/1949 [ 0.3254456 | 0.501706( 0.176 1/1/1979 0.550434 | 0.835704 | 0.285 HiHHH### | 0.53982 | 0.826355| 0.287 HHH#### ] 0.396115 | 0.552658 | 0.157
2/1/1949| 0.5395406 | 0.6758 0.136 2/1/1979]0.488521| 0.607168| 0.119 1/1/1979 [ 0.550434 | 0.835704 | 0.285 HHH#### ] 0.396876 | 0.553362| 0.156
3/1/1949| 0.330761 |0.504087| 0.173 3/1/1979] 0.394872 | 0.514431| 0.120 8/1/1991| 0.185368 | 0.469012| 0.284 3/1/1953] 0.368135 | 0.524598| 0.156
4/1/1949| 0.1031704 | 0.274826| 0.172 4/1/1979] 0.327586 | 0.51943 | 0.192 9/1/1996 | 0.561034 | 0.839125| 0.278 6/1/1968 | 0.360376 | 0.516788| 0.156
5/1/1949| 0.3408766 | 0.517458| 0.177 5/1/1979] 0.400831 | 0.545511| 0.145 6/1/1976] 0.231176 | 0.502951| 0.272 6/1/1993] 0.259979 | 0.416308| 0.156
6/1/1949| 0.1494969 | 0.282105| 0.133 6/1/1979] 0.119676 | 0.237475| 0.118 9/1/1970| 0.230611 | 0.502043| 0.271 7/1/1976] 0.235702 | 0.391706| 0.156
7/1/1949] 0.00045924 | 0.009925| 0.009 7/1/1979] 0.067903 | 0.142752 | 0.075 HHH####H# [ 0.520514 | 0.791648 | 0.271 2/1/2004 | 0.342844 | 0.498492 | 0.156
8/1/1949| 0.05268456 | 0.138584| 0.086 8/1/1979| 0.318179| 0.524283| 0.206 8/1/1961 | 0.240464 | 0.509617| 0.269 5/1/1998 | 0.523073 | 0.678701| 0.156
9/1/1949| 0.4860552 | 0.67181 | 0.186 9/1/1979| 0.323774] 0.505163| 0.181 8/1/2007 | 0.199857 | 0.466889| 0.267 9/1/1953| 0.38668 | 0.542289| 0.156
HHH#### | 0.3906267 | 0.559442| 0.169 HHHH#H# | 0.449814 | 0.577126| 0.127 4/1/1977 | 0.17848 | 0.44532 0.267 4/1/1960 | 0.382963 | 0.538037| 0.155
HHH### | 0.4756182 | 0.599147| 0.124 HHH##### | 0.405746 | 0.560517 | 0.155 5/1/1967| 0.219018 | 0.483982 | 0.265 HHH##### | 0.418002 | 0.57303 0.155
HH#H###H# | 0.4195786 | 0.567196| 0.148 HHH##### | 0.494515 ] 0.605085| 0.111 HHH##### [ 0.526968 | 0.791504 | 0.265 7/1/1995 | 0.503073 | 0.657916 | 0.155
1/1/1950 | 0.5338328 | 0.725099( 0.191 1/1/1980 | 0.530083 ] 0.661415| 0.131 8/1/1968 | 0.533937| 0.798385| 0.264 2/1/1971] 0.300296 | 0.455104| 0.155
2/1/1950| 0.5055011 [ 0.628924| 0.123 2/1/1980] 0.354799 | 0.517937| 0.163 5/1/1965| 0.197376 | 0.461594 | 0.264 HiHH### | 0.405746 | 0.560517| 0.155
3/1/1950| 0.3372491 | 0.487871| 0.151 3/1/1980] 0.373881 | 0.511603 | 0.138 8/1/1957| 0.250746 | 0.514679| 0.264 | 0.39488 | 0.549545| 0.155
4/1/1950| 0.3958348 | 0.527487| 0.132 4/1/1980| 0.29717 | 0.50102 | 0.204 5/1/1986| 0.238195 | 0.500769 | 0.263 5/1/1975| 0.36599 | 0.520507| 0.155
5/1/1950| 0.224558 | 0.383682| 0.159 5/1/1980| 0.360286 | 0.544243  0.184 HHH##### | 0.512854 | 0.77507 0.262 HAHH#H## | 0.38892 | 0.543298| 0.154
6/1/1950| 0.4059314 [ 0.558609| 0.153 6/1/1980] 0.363487| 0.51674 | 0.153 5/1/1971] 0.193056 | 0.455205| 0.262 9/1/2007 | 0.398558 | 0.552779| 0.154
7/1/1950| 0.1475885 | 0.333041| 0.185 7/1/1980] 0.060983 | 0.148867 | 0.088 6/1/2007 | 0.241062 | 0.502665| 0.262 3/1/2008 | 0.388711 | 0.542767| 0.154
8/1/1950| 0.3826286 | 0.564423| 0.182 8/1/1980| 0.108186 | 0.242158| 0.134 4/1/1953| 0.23747 | 0.498787| 0.261 4/1/1965 | 0.373016 | 0.526946| 0.154
9/1/1950| 0.3049622 | 0.505195| 0.200 9/1/1980| 0.264043 | 0.454237| 0.190 HitHHHH# ) 0.602645 | 0.863093 |  0.260 HiHH### ] 0.392705 | 0.546159| 0.153
HHHH##### | 0.4125287 | 0.556421| 0.144 HHH##### [ 0.259436 | 0.470209| 0.211 8/1/1990 | 0.231592 | 0.490059| 0.258 HHH###### | 0.500958 | 0.654297 | 0.153
HufH###| 051243 | 0.664537| 0.152 HHH##### [ 0.431197 | 0.573349| 0.142 HHH###H# [ 0.524672 1 0.781118| 0.256 6/1/1980| 0.363487 | 0.51674 0.153
HitHHi | 0.4802838 | 0.588201| 0.108 HitHH#H# | 0.602645 | 0.863093 | 0.260 7/1/1996| 0.219554 | 0.474331| 0.255 4/1/2001 | 0.382573 | 0.535698| 0.153
1/1/1951| 0.5088556 | 0.627017 | 0.118 1/1/1981 0.306919| 0.472511| 0.166 5/1/2008 | 0.525068 | 0.779752| 0.255 6/1/1990 0.390205 | 0.543224| 0.153
2/1/1951| 0.5396591 [ 0.679822| 0.140 2/1/1981| 0.47432 | 0.56693 | 0.093 6/1/1965 | 0.246128 | 0.500558 | 0.254 9/1/1968 | 0.381087 | 0.534058 | 0.153
3/1/1951| 0.472095 |[0.559095| 0.087 3/1/1981] 0.330382 | 0.497999| 0.168 HitHH### ) 0.528307 | 0.782503 |  0.254 HiHHH#H#H ) 0.451621 | 0.604413| 0.153
4/1/1951| 0.3198473 | 0.515922| 0.196 4/1/1981| 0.266339 | 0.500202| 0.234 5/1/2004 | 0.247051 | 0.500798 | 0.254 6/1/1950| 0.405931 | 0.558609| 0.153
5/1/1951| 0.3128576 | 0.505526| 0.193 5/1/1981] 0.342268 | 0.525553 | 0.183 6/1/1958| 0.5489 |0.802242| 0.253 HitH##H### | 0.390034 | 0.542547( 0.153
6/1/1951| 0.00023113 | 0.000231| 0.000 6/1/1981] 0.338973 | 0.508084 | 0.169 8/1/1992 | 0.230806 | 0.482565| 0.252 7/1/1978 | 0.429746 | 0.582213| 0.152
7/1/1951| 0.0503138 | 0.131306| 0.081 7/1/1981] 0.070363 | 0.159847| 0.089 9/1/1960 | 0.260047 | 0.510475| 0.250 | 0.51243 | 0.664537| 0.152
8/1/1951 0 0 0.000 8/1/1981 0 0 0.000 6/1/1972] 0.194785 | 0.444239| 0.249 2/1/1985] 0.279276 | 0.431279| 0.152
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COMPARE WATER LEVEL FLUCTUTAIONS (WLF)

9/1/1951| 0.3597596 | 0.537375| 0.178 9/1/1981| 0.305862 | 0.504333| 0.198 9/1/1982 | 0.529147 | 0.77411 0.245 HitHH#HHH | 0.479899 | 0.63145 0.152
Hit###HH# | 0.5205137 | 0.791648 | 0.271 HitHH#HHH# | 0.427888 | 0.555822| 0.128 6/1/1964 | 0.241806 | 0.486152| 0.244 5/1/2006 | 0.432456 | 0.583916| 0.151
HitH##H# | 0.390034 | 0.542547| 0.153 Hit###HHH#| 0.502993 | 0.673766| 0.171 8/1/1966 | 0.291671| 0.532153| 0.240 6/1/1988 | 0.389394 | 0.540693| 0.151
Hit###HH# | 0.5056912 | 0.591647| 0.086 Hit###HHH# ] 0.519025 | 0.649697 | 0.131 5/1/1966 | 0.220905 | 0.461161| 0.240 4/1/1959| 0.161124| 0.312298| 0.151
1/1/1952 | 0.4072077 | 0.518023( 0.111 1/1/1982 | 0.530537] 0.669641 [ 0.139 7/1/1985| 0.287119 | 0.52645 0.239 H#H##HHH#| 0.502201 | 0.653192| 0.151
2/1/1952| 0.5138198 | 0.659805| 0.146 2/1/1982] 0.603908 | 0.773104| 0.169 9/1/1957 | 0.265416 | 0.504585| 0.239 7/1/2007 | 0.160731 | 0.311678| 0.151
3/1/1952 | 0.4228382 | 0.528187| 0.105 3/1/1982 | 0.333464 | 0.475001 | 0.142 HitHH#HHH | 0.218844 | 0.457513 | 0.239 3/1/2001| 0.387393 | 0.538325| 0.151
4/1/1952| 0.3759083 | 0.535493| 0.160 4/1/1982| 0.38781 | 0.512722| 0.125 HitH###HH# | 0.645543 | 0.883976| 0.238 2/1/1993| 0.266611 | 0.417462| 0.151
5/1/1952| 0.272432 | 0.44642 0.174 5/1/1982]0.117833 | 0.240711| 0.123 5/1/1974| 0.25445 | 0.492647| 0.238 7/1/1955| 0.196985 | 0.347789| 0.151
6/1/1952 | 0.3345274 | 0.514334| 0.180 6/1/1982| 0.328429 | 0.530437 | 0.202 HitH##H#HH# | 0.615756 | 0.853217 | 0.237 4/1/1987| 0.26704 | 0.417823| 0.151
7/1/1952 | 0.0498891 | 0.050844| 0.001 7/1/1982] 0.338312 | 0.544263 | 0.206 9/1/1976 | 0.271159 | 0.507367| 0.236 3/1/1950| 0.337249 | 0.487871| 0.151
8/1/1952| 0.08067256 | 0.183104| 0.102 8/1/1982| 0.284137| 0.518153| 0.234 7/1/2006 | 0.275086 | 0.511151| 0.236 HitHH#HH# | 0.422029 | 0.572444 | 0.150
9/1/1952| 0.1573422 | 0.303738| 0.146 9/1/1982 | 0.529147 | 0.77411 0.245 8/1/1987| 0.17359 | 0.409293| 0.236 Hit#H#HHH# | 0.402039 | 0.552364 | 0.150
HitH###H## | 0.2188435 | 0.457513| 0.239 Hit#H#H#H## ] 0.511362 | 0.736522| 0.225 Hit####H## | 0.287019 | 0.521825| 0.235 1/1/1989 | 0.365722| 0.515969 | 0.150
Hit####H## | 0.2949103 | 0.489492| 0.195 HitH##H#HH# | 0.334363 | 0.508833| 0.174 Hit#H#H#HH | 0.521224 | 0.75575 0.235 Hit#H#HH# | 0.393451 | 0.543649| 0.150
Hit####HH## | 0.4503163 | 0.561079| 0.111 Hit####HH# | 0.535897 | 0.697778 | 0.162 6/1/1999| 0.26754 | 0.501831| 0.234 8/1/1971| 0.442506 | 0.59257 0.150
1/1/1953 | 0.5279581 | 0.690198 | 0.162 1/1/1983 [ 0.507311| 0.6393 0.132 9/1/1983 | 0.272339| 0.506609 | 0.234 6/1/1957| 0.184604 | 0.334334| 0.150
2/1/1953 | 0.4666425 | 0.549654 | 0.083 2/1/1983] 0.511905 | 0.577698 | 0.066 Hit###H#HH# | 0.529819| 0.763878 | 0.234 4/1/1966 | 0.159834 | 0.309548 | 0.150
3/1/1953 | 0.3681347 | 0.524598| 0.156 3/1/1983] 0.633952 | 0.851683 | 0.218 8/1/1982 | 0.284137| 0.518153| 0.234 9/1/2004 | 0.193775 | 0.343482| 0.150
4/1/1953| 0.2374703 | 0.498787| 0.261 4/1/1983| 0.339766 | 0.519029| 0.179 4/1/1981| 0.266339 | 0.500202| 0.234 4/1/1967 | 0.235758 | 0.3852 0.149
5/1/1953 | 0.5001945 | 0.594626| 0.094 5/1/1983| 0.286185 [ 0.49846 0.212 8/1/1999| 0.151186 | 0.383915| 0.233 Hit#H#HH# | 0.403231 | 0.552425| 0.149
6/1/1953 | 0.3895462 | 0.557334| 0.168 6/1/1983| 0.227498 | 0.403467 | 0.176 Hit###HHH | 0.517687 | 0.750177 | 0.232 Hit#A#HH# | 0.4568 | 0.605991| 0.149
7/1/1953 | 0.0199872 | 0.02735 0.007 7/1/1983| 0.423036 | 0.554501 | 0.131 6/1/2004 | 0.229509 | 0.460968 | 0.231 9/1/1972] 0.441968 | 0.591106| 0.149
8/1/1953| 0.2884206 | 0.500758| 0.212 8/1/1983 | 0.335909 | 0.508517| 0.173 7/1/1972| 0.191 |[0.421284| 0.230 1/1/1986 | 0.382761| 0.531428 | 0.149
9/1/1953| 0.3866798 | 0.542289| 0.156 9/1/1983 | 0.272339| 0.506609 | 0.234 HHH##H# | 0.272538 | 0.500758 | 0.228 HHH##H#H# | 0.386548 | 0.53495 0.148
Hif#### | 0.5021553 | 0.643405| 0.141 HH#H###H# | 0.35609 | 0.515401| 0.159 HHH##H# | 0.259068 | 0.487066| 0.228 9/1/1998 | 0.421188 | 0.569553 | 0.148
HHf#### | 0.4377676 | 0.595015| 0.157 HHH###HIH | 0.486413 | 0.61249 0.126 1/1/2003 | 0.57146 | 0.799171| 0.228 4/1/1954 | 0.374402 | 0.522489| 0.148
HHHH##H# | 0.5484218 | 0.76568 0.217 HHH##H# [ 0.502442 1 0.593752| 0.091 9/1/1966 | 0.30654 | 0.533136| 0.227 3/1/1993 | 0.359802 | 0.507816| 0.148
1/1/1954| 0.521135 | 0.65598 0.135 1/1/1984 | 0.328511] 0.493526 | 0.165 9/1/1961| 0.236344 | 0.462148| 0.226 8/1/1956 | 0.504863 | 0.652626| 0.148
2/1/1954 | 0.4768988 | 0.569711| 0.093 2/1/1984| 0.459677 | 0.55406 0.094 HHH##H# [ 0.511362 | 0.736522|  0.225 7/1/1961] 0.195966 | 0.343601| 0.148
3/1/1954 | 0.3981145 | 0.527167| 0.129 3/1/1984 | 0.303145 | 0.504365| 0.201 HHH### | 0.285678 | 0.510307 | 0.225 HHH###H# | 0.419579 | 0.567196| 0.148
4/1/1954| 0.3744024 | 0.522489| 0.148 4/1/1984| 0.498471| 0.613586| 0.115 8/1/1962 | 0.281712 | 0.504489| 0.223 5/1/1958 | 0.448316 | 0.595473 | 0.147
5/1/1954 | 0.2533177 | 0.454638| 0.201 5/1/1984| 0.352255 | 0.514767 | 0.163 5/1/1999| 0.266622 | 0.489229| 0.223 1/1/1994 | 0.415236 | 0.562374| 0.147
6/1/1954 | 0.3588542 | 0.540816| 0.182 6/1/1984 | 0.406791 | 0.541025| 0.134 HHH### [ 0.532091 | 0.754634 |  0.223 5/1/2001| 0.264024 | 0.4106 0.147
7/1/1954 | 0.5040935 | 0.627581| 0.123 7/1/1984 | 0.070569 | 0.062683 | -0.008 7/1/2001| 0.244773 | 0.467067 | 0.222 1/1/1955 | 0.370708 | 0.517189| 0.146
8/1/1954| 0.3531407 | 0.559841| 0.207 8/1/1984 0 0 0.000 2/1/1973] 0.279645 | 0.501825| 0.222 9/1/1952| 0.157342 | 0.303738| 0.146
9/1/1954| 0.1278746 | 0.292209| 0.164 9/1/1984 | 0.332154 | 0.514455| 0.182 6/1/2005 | 0.308598 | 0.529738| 0.221 7/1/2005 | 0.143566 | 0.289951| 0.146
HH#H#### | 0.3586135 | 0.531605| 0.173 HHHH##H# | 0.497872 | 0.623537 | 0.126 7/1/1992| 0.307709 | 0.527333| 0.220 HHHH##HI# | 0.404788 | 0.551149| 0.146
HH#H##H# | 0.4020585 | 0.559504| 0.157 HHH###H# [ 0.506779 | 0.709827 | 0.203 4/1/2000 | 0.297484 | 0.516468 | 0.219 HHH##H### | 0.418597 | 0.56493 0.146
HHfHH### | 0.3427964 | 0.510794| 0.168 HHH###H## [ 0.310168 | 0.495458 | 0.185 9/1/2002 | 0.304964 | 0.523087 | 0.218 1/1/2000 | 0.405936 | 0.552009 | 0.146
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1/1/1955| 0.3707077 | 0.517189( 0.146 1/1/1985 | 0.097239| 0.095204 | -0.002 4/1/1957| 0.29115 | 0.508914| 0.218 2/1/1952| 0.51382 | 0.659805| 0.146
2/1/1955| 0.5001177 | 0.615881| 0.116 2/1/1985] 0.279276 | 0.431279| 0.152 3/1/1983] 0.633952 | 0.851683 | 0.218 3/1/1998 | 0.385441 | 0.531136| 0.146
3/1/1955| 0.2803654 | 0.398497| 0.118 3/1/1985| 0.337694 | 0.508571| 0.171 HitHH#HHH | 0.548422| 0.76568 0.217 9/1/2003 | 0.259288 | 0.40486 0.146
4/1/1955| 0.5154371 | 0.610317| 0.095 4/1/1985| 0.170901 | 0.340388| 0.169 Hit###HHH# | 0.315564 | 0.532475| 0.217 HitHH#HHH | 0.438626 | 0.584196| 0.146
5/1/1955| 0.3278739 | 0.507082| 0.179 5/1/1985 | 0.404237 | 0.565385| 0.161 9/1/1992 | 0.252068 | 0.467783| 0.216 1/1/1992 | 0.390797| 0.536309 | 0.146
6/1/1955| 0.3433141 [ 0.517679| 0.174 6/1/1985| 0.42027 | 0.558413| 0.138 2/1/1976| 0.561287 | 0.774875| 0.214 HiH#H#HHH | 0.398629 | 0.544115| 0.145
7/1/1955| 0.1969851 | 0.347789| 0.151 7/1/1985 | 0.287119 | 0.52645 0.239 3/1/1968 | 0.288416 | 0.501781| 0.213 Ht#H#HHH | 0.417145| 0.562598 |  0.145
8/1/1955| 0.00569801 | 0.006212| 0.001 8/1/1985| 0.147923 | 0.244825| 0.097 9/1/1977| 0.296218 | 0.509571| 0.213 HitHH#HH# | 0.47744 | 0.622801| 0.145
9/1/1955| 0.3830648 | 0.544102| 0.161 9/1/1985 | 0.450956 | 0.590015| 0.139 6/1/1975| 0.286525 | 0.499835| 0.213 4/1/1958 | 0.357785 | 0.502868 | 0.145
Hit####H## | 0.4516213 | 0.604413| 0.153 Hit#H#H#HH# | 0.300923 | 0.499036| 0.198 6/1/2001| 0.193485 | 0.406703 | 0.213 1/1/1978 | 0.368909 | 0.513806 | 0.145
Hit###H#HH## | 0.5022007 | 0.653192| 0.151 Hit###H#HH# | 0.357033 | 0.520606| 0.164 8/1/1972| 0.291864 | 0.505004 | 0.213 5/1/1979| 0.400831 | 0.545511| 0.145
Hit####HH# | 0.7146549 | 0.900133| 0.185 HitHH#HHH# | 0.438626| 0.584196| 0.146 2/1/2002| 0.53911 | 0.752218| 0.213 Hit#H#HHH# | 0.407659 | 0.552331| 0.145
1/1/1956 | 0.6827379 | 0.815251( 0.133 1/1/1986 | 0.382761] 0.531428 | 0.149 9/1/1990| 0.182079 | 0.394478| 0.212 HitHH#HHH# | 0.473067 | 0.617664 | 0.145
2/1/1956 | 0.4418734 | 0.550884| 0.109 2/1/1986| 0.48883 | 0.574097 | 0.085 5/1/2003 | 0.293047 | 0.505397 | 0.212 HitH#HH# | 0.399463 | 0.543649| 0.144
3/1/1956 | 0.4185046 |0.522275| 0.104 3/1/1986| 0.316883 | 0.522462 | 0.206 8/1/1953 | 0.288421| 0.500758 | 0.212 3/1/1973| 0.39765 | 0.541825| 0.144
4/1/1956| 0.1283704 | 0.263982| 0.136 4/1/1986 | 0.264349 | 0.472029| 0.208 5/1/1983| 0.286185 [ 0.49846 0.212 1/1/2004 | 0.385591| 0.52967 0.144
5/1/1956 | 0.3299178 | 0.529543| 0.200 5/1/1986 | 0.238195 | 0.500769 | 0.263 5/1/1988 | 0.333032 | 0.544816| 0.212 3/1/1976| 0.360479 | 0.504425| 0.144
6/1/1956 | 0.3145488 | 0.508795| 0.194 6/1/1986 | 0.047449 | 0.124744| 0.077 HitHH#HH# | 0.298129 | 0.509528 | 0.211 HitHH#HH## | 0.412529 | 0.556421| 0.144
7/1/1956 | 0.00021448 | 1.68E-05 | 0.000 7/1/1986 | 0.330599 | 0.515565 | 0.185 5/1/1977] 0.291476 | 0.50259 0.211 5/1/1993| 0.409426 | 0.553172| 0.144
8/1/1956| 0.5048633 | 0.652626| 0.148 8/1/1986 | 0.001417 | 0.009005| 0.008 HitHH#H | 0.278473 | 0.489449| 0.211 HitHH#HH# | 0.441239| 0.584979| 0.144
9/1/1956| 0.2052681 | 0.397339| 0.192 9/1/1986 | 0.516684 | 0.703085| 0.186 Hit###HH# | 0.259436 | 0.470209| 0.211 HitHH#HHH | 0.477887 | 0.621612| 0.144
Hit###HHH# | 0.3632559 | 0.543617| 0.180 Hit#H#H#HH# | 0.334556 | 0.522102| 0.188 8/1/1989 | 0.360252 | 0.571023| 0.211 5/1/1991] 0.393609 | 0.536791| 0.143
HifH### | 0.3635143 | 0.531416| 0.168 HHH###H# [ 0.479899 | 0.63145 0.152 HEH##H# | 0.31781 | 0.528298 | 0.210 6/1/1995 | 0.419548 | 0.562638 | 0.143
HHfH### | 0.3927048 | 0.546159| 0.153 HHH##H# [ 0.497743 1 0.588999 | 0.091 6/1/1966 | 0.303588 | 0.514074| 0.210 8/1/1977| 0.419543 | 0.562605| 0.143
1/1/1957 | 0.3161193 | 0.486254( 0.170 1/1/1987| 0.5589 |0.701622| 0.143 HHH###H# | 0.296641 | 0.50699 0.210 1/1/1987| 0.5589 | 0.701622| 0.143
2/1/1957 | 0.5493676 | 0.757547| 0.208 2/1/1987| 0.545164 | 0.59479 0.050 HHH##H# | 0.517413 1 0.727708 | 0.210 2/1/1988 | 0.202348 | 0.34505 0.143
3/1/1957 | 0.5017435 | 0.572922| 0.071 3/1/1987| 0.492109 | 0.56777 0.076 3/1/1994 | 0.29926 | 0.508607 | 0.209 HHH##H# | 0.43866 | 0.581001| 0.142
4/1/1957| 0.2911503 | 0.508914| 0.218 4/1/1987| 0.26704 | 0.417823| 0.151 6/1/1959 | 0.256818 | 0.465414 | 0.209 HEHH##H# | 0.431197 ] 0.573349| 0.142
5/1/1957 | 0.3702774 | 0.539989| 0.170 5/1/1987| 0.272686 | 0.457857 | 0.185 2/1/1994 | 0.559034 | 0.767289| 0.208 HEHH##H# | 0.42006 | 0.561842| 0.142
6/1/1957 | 0.1846044 | 0.334334| 0.150 6/1/1987| 0.093248 | 0.103408 | 0.010 HHH##H# | 0.294482 | 0.502713 | 0.208 HHHH##H# | 0.422408 | 0.563992| 0.142
7/1/1957 | 0.08236788 | 0.187128 | 0.105 7/1/1987| 0.342427 | 0.52041 0.178 2/1/1957 | 0.549368 | 0.757547 | 0.208 2/1/1989| 0.372082 | 0.513634| 0.142
8/1/1957| 0.2507455 | 0.514679| 0.264 8/1/1987| 0.17359 | 0.409293| 0.236 4/1/1986 | 0.264349 | 0.472029| 0.208 3/1/1982| 0.333464 | 0.475001| 0.142
9/1/1957| 0.2654164 | 0.504585| 0.239 9/1/1987| 0.082511 | 0.183683| 0.101 7/1/1998 | 0.142244 | 0.349518 | 0.207 9/1/1989| 0.422822 | 0.564292| 0.141
HHf### | 0.3155639 | 0.532475| 0.217 HH####H# | 0.150717 1 0.252756|  0.102 7/1/1975] 0.176719 | 0.383713| 0.207 1/1/1960 | 0.379191| 0.520655| 0.141
Hi#H### | 0.3336456 | 0.508054| 0.174 HHH##H# | 0.294482 | 0.502713 | 0.208 1/1/2002 | 0.571142| 0.778123| 0.207 2/1/2007 | 0.405047 | 0.546327| 0.141
HH#### | 0.505983 | 0.678046| 0.172 HHH###H# [ 0.500365 | 0.61721 0.117 2/1/1966 | 0.304224 | 0.511075| 0.207 HHH###H# | 0.502155 ] 0.643405| 0.141
1/1/1958 | 0.4615452 | 0.547115| 0.086 1/1/1988 | 0.428761| 0.528936 | 0.100 8/1/1954 | 0.353141| 0.559841| 0.207 8/1/1975 0.438304 | 0.579526| 0.141
2/1/1958 | 0.4119957 | 0.516356| 0.104 2/1/1988 | 0.202348 [ 0.34505 0.143 5/1/1969 | 0.303122 | 0.509397 | 0.206 3/1/2000 | 0.405483 | 0.546656 | 0.141
3/1/1958 | 0.4002277 | 0.565264 | 0.165 3/1/1988 | 0.347806 | 0.506684 | 0.159 8/1/1979| 0.318179| 0.524283| 0.206 4/1/1963 | 0.387767 | 0.528326| 0.141
4/1/1958| 0.357785 | 0.502868| 0.145 4/1/1988| 0.422778 | 0.557089| 0.134 7/1/1982] 0.338312 | 0.544263 | 0.206 3/1/1962 | 0.501403 [ 0.64162 0.140




Exhibit 16 SP26-1005

APPENDIX B WETLAND PROTECTION
B-2c MR #8 - MONTHLY MEAN AVERAGE VALUES
COMPARE WATER LEVEL FLUCTUTAIONS (WLF)

5/1/1958 | 0.4483157 | 0.595473| 0.147 5/1/1988 | 0.333032 | 0.544816| 0.212 HitH##HHH | 0.679676 | 0.885464 | 0.206 2/1/1951] 0.539659 | 0.679822| 0.140
6/1/1958 | 0.5488995 | 0.802242| 0.253 6/1/1988 | 0.389394 | 0.540693 | 0.151 4/1/1969| 0.311205 | 0.516916| 0.206 3/1/1991 0.424997 | 0.564637| 0.140
7/1/1958 | 0.06420413 | 0.066783 | 0.003 7/1/1988 | 0.162661 | 0.342274| 0.180 3/1/1986| 0.316883 | 0.522462| 0.206 Hit#H#HHA# | 0.41666 | 0.556245| 0.140
8/1/1958 0 0 0.000 8/1/1988 | 0.020797 | 0.048901| 0.028 1/1/1962 | 0.282559 | 0.487539| 0.205 5/1/1995] 0.271936 | 0.411185| 0.139
9/1/1958| 0.1635196 | 0.331235| 0.168 9/1/1988 | 0.473801 | 0.600887| 0.127 9/1/1997| 0.238523 | 0.442856| 0.204 4/1/1961| 0.373843 | 0.512951| 0.139
Hit###HHH# | 0.3007539 | 0.504617 | 0.204 Hit###HHH# ] 0.017542 | 0.019137| 0.002 2/1/1961] 0.539435 | 0.743453| 0.204 1/1/1982 | 0.530537| 0.669641 | 0.139
HitH###H# | 0.4448939 | 0.581094| 0.136 Hit#H#HHH# | 0.43866 | 0.581001| 0.142 Hit###HHH# | 0.300754 | 0.504617 | 0.204 9/1/1985 | 0.450956 | 0.590015| 0.139
Hit####H##| 0.4170913 | 0.556057 | 0.139 HitHH#HH# | 0.290827 | 0.457412| 0.167 4/1/1980| 0.29717 | 0.50102 0.204 4/1/1964| 0.17166 | 0.310658| 0.139
1/1/1959 | 0.4602026 | 0.550168 | 0.090 1/1/1989 | 0.365722 | 0.515969 [ 0.150 Hit####H# | 0.215408 | 0.419241| 0.204 4/1/1975| 0.258413 | 0.397411| 0.139
2/1/1959| 0.47091 [0.565815| 0.095 2/1/1989| 0.372082 | 0.513634 | 0.142 4/1/1970| 0.309311| 0.513118| 0.204 1/1/1968 | 0.407897 | 0.546873 | 0.139
3/1/1959| 0.3869302 | 0.517795| 0.131 3/1/1989| 0.41762 | 0.528829| 0.111 Hit###H#HH# | 0.506779 | 0.709827 | 0.203 Hit#H#HH# | 0.417091 | 0.556057 | 0.139
4/1/1959| 0.1611241 | 0.312298| 0.151 4/1/1989| 0.501101 | 0.635145| 0.134 1/1/1966 | 0.54385 | 0.746706 | 0.203 4/1/1972 | 0.371057 | 0.509676| 0.139
5/1/1959| 0.3281681 | 0.502046| 0.174 5/1/1989| 0.500993 | 0.609325| 0.108 Hit#H#HHH# | 0.530124 | 0.732773| 0.203 2/1/1992| 0.52322 | 0.661414| 0.138
6/1/1959| 0.2568181 | 0.465414| 0.209 6/1/1989| 0.15593 | 0.280598| 0.125 7/1/1959| 0.169862 | 0.372427| 0.203 6/1/1985| 0.42027 | 0.558413| 0.138
7/1/1959| 0.1698624 | 0.372427| 0.203 7/1/1989] 0.459371 0.580591| 0.121 Hit#A#HH# | 0.30173 | 0.504217 | 0.202 3/1/1980| 0.373881 | 0.511603 | 0.138
8/1/1959 | 0.00107722 | 0.008022| 0.007 8/1/1989 | 0.360252 | 0.571023| 0.211 6/1/1973] 0.307867 | 0.510115| 0.202 7/1/1993 | 0.443121| 0.57996 0.137
9/1/1959| 0.3278721 | 0.513048| 0.185 9/1/1989 | 0.422822 | 0.564292| 0.141 6/1/1982| 0.328429 | 0.530437| 0.202 3/1/2005 | 0.488324 | 0.625087 | 0.137
HitH####HH# | 0.5047801 | 0.681179| 0.176 Hit###H#HH# | 0.321935| 0.51405 0.192 5/1/1954 | 0.253318 | 0.454638 | 0.201 6/1/1994 | 0.414539 | 0.550908 | 0.136
Hit####HH# | 0.3880038 | 0.550107| 0.162 HitH##HHH# | 0.452008 | 0.611058 | 0.159 3/1/1984| 0.303145 | 0.504365| 0.201 2/1/1949] 0.539541| 0.6758 0.136
HitH##HH##| 0.4412169 | 0.571395| 0.130 Hit#H#HH# | 0.393451 | 0.543649| 0.150 5/1/1968 | 0.505036 | 0.706194 | 0.201 HitHH#HHH | 0.444894 | 0.581094 | 0.136
1/1/1960 | 0.3791908 | 0.520655( 0.141 1/1/1990 | 0.454764 | 0.580884 [ 0.126 6/1/1971] 0.310901 [ 0.51195 0.201 6/1/1961| 0.145473 | 0.281598 | 0.136
2/1/1960| 0.5003392 | 0.584431| 0.084 2/1/1990 0.335091 | 0.519552| 0.184 Hit###HH#| 0.332637 | 0.533281| 0.201 3/1/1997| 0.53503 | 0.670963| 0.136
3/1/1960| 0.4323756 | 0.553908| 0.122 3/1/1990| 0.362046 | 0.534111| 0.172 6/1/1998 | 0.312774 | 0.513288| 0.201 2/1/2001| 0.260038 | 0.395708 | 0.136
4/1/1960| 0.3829628 | 0.538037| 0.155 4/1/1990| 0.307866 | 0.506969 | 0.199 9/1/1950 | 0.304962 | 0.505195| 0.200 4/1/1956 | 0.12837 | 0.263982| 0.136
5/1/1960| 0.3209791 | 0.500669| 0.180 5/1/1990| 0.327621 | 0.527623 | 0.200 5/1/1990 0.327621 | 0.527623 | 0.200 1/1/1954 | 0.521135| 0.65598 0.135
6/1/1960| 0.2484951 | 0.439901| 0.191 6/1/1990 | 0.390205 | 0.543224 | 0.153 1/1/2005 | 0.269248 | 0.469234 | 0.200 2/1/1997| 0.320161 | 0.454974| 0.135
7/1/1960 0 0 0.000 7/1/1990| 0.063467 | 0.151279| 0.088 5/1/1956 | 0.329918 | 0.529543 | 0.200 5/1/1978| 0.417982 | 0.552474| 0.134
8/1/1960| 0.1399809 | 0.256648| 0.117 8/1/1990| 0.231592 | 0.490059| 0.258 4/1/1990 | 0.307866 | 0.506969 | 0.199 4/1/1988 | 0.422778 | 0.557089| 0.134
9/1/1960| 0.2600469 | 0.510475| 0.250 9/1/1990| 0.182079 | 0.394478| 0.212 HH##H# | 0.30794 | 0.506924 | 0.199 6/1/1984| 0.406791 | 0.541025| 0.134
HHfH##H# | 0.2856778 | 0.510307| 0.225 HHH##H# | 0.403799 | 0.563731| 0.160 5/1/1970] 0.274632 | 0.473607 | 0.199 1/1/2007 | 0.400413 | 0.534463 | 0.134
HifHH### | 0.526968 | 0.791504| 0.265 HHH##H# | 0.332825] 0.512168| 0.179 6/1/1996 | 0.140088 | 0.338916| 0.199 4/1/1989 | 0.501101 | 0.635145| 0.134
Hif#H##H# | 0.3260732 | 0.500857| 0.175 HHH##H# | 0.259068 | 0.487066| 0.228 9/1/1981 | 0.305862 | 0.504333| 0.198 8/1/1980| 0.108186 | 0.242158 | 0.134
1/1/1961 | 0.4228096 | 0.539141( 0.116 1/1/1991 | 0.500035 | 0.611202 | 0.111 HHH#H##H# | 0.300923 | 0.499036| 0.198 4/1/1997| 0.41549 | 0.549213| 0.134
2/1/1961| 0.5394353 | 0.743453| 0.204 2/1/1991] 0.507534 | 0.671266| 0.164 5/1/2000| 0.318442 | 0.516315| 0.198 3/1/1992| 0.502284 | 0.634985| 0.133
3/1/1961| 0.4234891 | 0.527512| 0.104 3/1/1991| 0.424997 | 0.564637 | 0.140 7/1/1966| 0.317647 | 0.514369| 0.197 6/1/1949| 0.149497 | 0.282105| 0.133
4/1/1961| 0.3738431 | 0.512951| 0.139 4/1/1991| 0.469617 | 0.590639| 0.121 3/1/1969| 0.210636 [ 0.40691 0.196 HHH###H## | 0.503128 | 0.635656| 0.133
5/1/1961| 0.3355848 | 0.515144| 0.180 5/1/1991] 0.393609 | 0.536791| 0.143 4/1/1951| 0.319847| 0.515922| 0.196 1/1/1956 | 0.682738| 0.815251| 0.133
6/1/1961| 0.1454726 | 0.281598| 0.136 6/1/1991] 0.352999 | 0.528091| 0.175 4/1/1973| 0.311685 | 0.507688 | 0.196 1/1/1983 | 0.507311| 0.6393 0.132
7/1/1961| 0.1959661 | 0.343601| 0.148 7/1/1991| 2.61E-06 | 0.0044 0.004 8/1/1978 | 0.323662 | 0.519624| 0.196 4/1/1998 | 0.143574| 0.275369| 0.132
8/1/1961| 0.2404642 | 0.509617| 0.269 8/1/1991| 0.185368 | 0.469012| 0.284 HHH#### | 0.166803 | 0.362183 | 0.195 4/1/1950 | 0.395835 | 0.527487 | 0.132
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9/1/1961| 0.2363438 | 0.462148| 0.226 9/1/1991| 0.103445 | 0.141577| 0.038 2/1/1977]0.314612 | 0.509467 | 0.195 7/1/1964| 0.214811 | 0.346414| 0.132
Hit####H## | 0.3589633 | 0.532604| 0.174 Hit###HHH# | 0.306862 | 0.500758 | 0.194 8/1/1997| 0.360771| 0.555445| 0.195 7/1/1983| 0.423036 | 0.554501| 0.131
HitH###H# | 0.3833846 | 0.545252| 0.162 HitHH#HHH#| 0.373453 | 0.532443| 0.159 HiHE#HE# | 0.29491 | 0.489492| 0.195 1/1/1980 | 0.530083 | 0.661415| 0.131
Hit####HH# | 0.5176865 | 0.750177| 0.232 HitHH#HHH | 0.422408| 0.563992| 0.142 6/1/1956 | 0.314549 | 0.508795| 0.194 HitHHH#HHH | 0.448449| 0.57941 0.131
1/1/1962 | 0.2825586 | 0.487539( 0.205 1/1/1992 | 0.390797] 0.536309 | 0.146 HitH##HHH | 0.549406 | 0.74361 0.194 3/1/1959| 0.38693 | 0.517795| 0.131
2/1/1962 | 0.3064744 | 0.481429| 0.175 2/1/1992| 0.52322 | 0.661414| 0.138 Hit###HHH | 0.306862 | 0.500758 | 0.194 1/1/1967 | 0.518603 | 0.649328 | 0.131
3/1/1962 | 0.5014033 | 0.64162 0.140 3/1/1992 | 0.502284 | 0.634985| 0.133 3/1/2006 | 0.304348 | 0.498117| 0.194 H#A#HH# | 0.519025 | 0.649697 | 0.131
4/1/1962| 0.4682464 | 0.584347| 0.116 4/1/1992 | 0.328308 | 0.51453 0.186 5/1/2002 | 0.311587 | 0.505279| 0.194 Hit#H#HH# | 0.441217 | 0.571395| 0.130
5/1/1962 | 0.3394983 | 0.532296| 0.193 5/1/1992]0.118637 | 0.11751 | -0.001 6/1/1977] 0.261891 | 0.455098 | 0.193 HitHH#HHH | 0.461883 | 0.59156 0.130
6/1/1962 | 0.2716797 | 0.459218| 0.188 6/1/1992 | 0.239019 | 0.422357 | 0.183 5/1/1962 | 0.339498 | 0.532296| 0.193 4/1/1999 | 0.239412 | 0.368705| 0.129
7/1/1962 0 0 0.000 7/1/1992] 0.307709 | 0.527333| 0.220 5/1/1951] 0.312858 | 0.505526 | 0.193 8/1/1964 | 0.096488 | 0.225636| 0.129
8/1/1962| 0.2817124 | 0.504489| 0.223 8/1/1992 | 0.230806 | 0.482565| 0.252 4/1/2007 | 0.257287 | 0.449583| 0.192 3/1/1954 | 0.398115 | 0.527167| 0.129
9/1/1962| 0.3694544 | 0.534595| 0.165 9/1/1992 | 0.252068 | 0.467783| 0.216 Hit###H#HH# | 0.321935| 0.51405 0.192 HitHH#HHH | 0.427888 | 0.555822 | 0.128
Hit###H#HH## | 0.3588333 | 0.532631| 0.174 HitH##H#HH# | 0.350694 | 0.53125 0.181 9/1/1956 | 0.205268 | 0.397339| 0.192 3/1/2003 | 0.403544 | 0.531216| 0.128
Hit###HH## | 0.5174126 | 0.727708| 0.210 HitHH##HH | 0.448449 | 0.57941 0.131 4/1/1979| 0.327586 | 0.51943 0.192 Hit#H#HH# | 0.449814 | 0.577126| 0.127
HitHH##H## | 0.398629 | 0.544115| 0.145 Hit####H# | 0.53982 | 0.826355| 0.287 4/1/1968 | 0.193072 | 0.384885| 0.192 9/1/1988 | 0.473801 | 0.600887 | 0.127
1/1/1963 | 0.520259 | 0.689718( 0.169 1/1/1993 | 0.461626 | 0.571135| 0.110 Hit####HH# | 0.311565 | 0.503283 | 0.192 8/1/1973| 0.479345 | 0.606023 | 0.127
2/1/1963| 0.5063238 | 0.615288| 0.109 2/1/1993] 0.266611 | 0.417462| 0.151 6/1/1960| 0.248495 | 0.439901| 0.191 6/1/1970| 0.096188 | 0.22231 0.126
3/1/1963 | 0.4072756 | 0.520571| 0.113 3/1/1993 | 0.359802 | 0.507816| 0.148 9/1/1978 | 0.322374| 0.51369 0.191 1/1/1990 | 0.454764 | 0.580884 | 0.126
4/1/1963| 0.3877669 | 0.528326| 0.141 4/1/1993| 0.420272| 0.535622| 0.115 1/1/1950 | 0.533833 | 0.725099 | 0.191 HitHH#HHH | 0.486413 | 0.61249 0.126
5/1/1963| 0.4012063 | 0.503848| 0.103 5/1/1993 | 0.409426 | 0.553172| 0.144 2/1/1964 | 0.153868 | 0.345099 | 0.191 7/1/1965 | 0.152636 | 0.27842 0.126
6/1/1963 | 0.2566267 | 0.434282| 0.178 6/1/1993 | 0.259979 | 0.416308| 0.156 5/1/1976| 0.322445| 0.513645| 0.191 HitHH#HHH | 0.497872| 0.623537 | 0.126
7/1/1963 | 0.1940033 | 0.383681| 0.190 7/1/1993| 0.443121| 0.57996 0.137 6/1/1969| 0.327844 | 0.519025| 0.191 4/1/1982| 0.38781 | 0.512722| 0.125
8/1/1963| 0.2800491 | 0.457018| 0.177 8/1/1993| 0.068489 | 0.152957| 0.084 HHH###H## | 0.368816 | 0.559763 | 0.191 HHH##H# | 0.4606 | 0.585275| 0.125
9/1/1963| 0.1803878 | 0.361074| 0.181 9/1/1993 | 4.41E-07 | 4.37E-07 | 0.000 HHH##H# | 0.324908 | 0.515609| 0.191 6/1/1989| 0.15593 | 0.280598| 0.125
Hf### | 0.320277 | 0.507614| 0.187 HHH##H# | 0.372704 1 0.543108| 0.170 9/1/1980 | 0.264043 | 0.454237| 0.190 4/1/2003 | 0.507747 | 0.632071| 0.124
HifH##H# | 0.4567997 | 0.605991| 0.149 HHH##H# | 0.242403 | 0.430383| 0.188 5/1/1997 | 0.543405 | 0.733569 | 0.190 9/1/1974| 0.097437 | 0.221584| 0.124
HHfHH### | 0.368816 | 0.559763| 0.191 HH#H###H## | 0.361555 ] 0.530241| 0.169 7/1/1963 | 0.194003 | 0.383681| 0.190 1/1/1995 | 0.414117| 0.538089 | 0.124
1/1/1964 | 0.5450631 | 0.725677 | 0.181 1/1/1994 | 0.415236 | 0.562374 | 0.147 1/1/1970| 1.006669 | 1.195714| 0.189 HHHH##H# | 0.475618 | 0.599147| 0.124
2/1/1964 | 0.1538684 | 0.345099| 0.191 2/1/1994 | 0.559034 | 0.767289| 0.208 HHH#H#### | 0.345352 | 0.534362| 0.189 7/1/1954 | 0.504094 | 0.627581| 0.123
3/1/1964| 0.375635 |[0.549163| 0.174 3/1/1994 | 0.29926 | 0.508607 | 0.209 HHH###H# | 0.509367 | 0.69792 0.189 6/1/1997| 0.437609 | 0.561062 | 0.123
4/1/1964| 0.1716604 | 0.310658| 0.139 4/1/1994 | 0.298748 | 0.48197 0.183 HHH##H# | 0.242403 | 0.430383| 0.188 2/1/1950| 0.505501 | 0.628924 | 0.123
5/1/1964 | 0.1431328 | 0.245747| 0.103 5/1/1994 | 0.130606 | 0.297901| 0.167 1/1/1977 | 0.319862 | 0.507573 | 0.188 5/1/1982]0.117833 | 0.240711| 0.123
6/1/1964 | 0.2418061 | 0.486152| 0.244 6/1/1994 | 0.414539 | 0.550908 | 0.136 HHH#H###H## | 0.334556 | 0.522102| 0.188 9/1/2005 | 0.474815 | 0.596484 | 0.122
7/1/1964| 0.214811 |0.346414| 0.132 7/1/1994 0 0 0.000 6/1/1962| 0.27168 | 0.459218| 0.188 3/1/1960| 0.432376 | 0.553908 | 0.122
8/1/1964 | 0.09648819 | 0.225636| 0.129 8/1/1994| 0.019013 | 0.046788| 0.028 HH#H##H# | 0.320277 ] 0.507614 | 0.187 1/1/2006 | 0.502693 | 0.624 0.121
9/1/1964| 0.357805 | 0.52765 0.170 9/1/1994| 0.287636 | 0.473173| 0.186 7/1/1977] 0.148077 | 0.335409 | 0.187 7/1/1989| 0.459371 | 0.580591| 0.121
HHHH#H# | 0.165463 | 0.33267 0.167 HHHH##H# | 0.524672 | 0.781118 | 0.256 9/1/2001 | 0.328591 | 0.515399| 0.187 4/1/1991| 0.469617 | 0.590639| 0.121
HHfH##H# | 0.3591588 | 0.525124| 0.166 HHH###H# | 0.512107 | 0.675697 | 0.164 9/1/2000 | 0.352347 | 0.53913 0.187 4/1/1995 | 0.402599 | 0.523205| 0.121
HiH### | 0.5596859 | 0.744215| 0.185 HHH##H# | 0.446604 | 0.558499 | 0.112 HHH##H# | 0.257393 | 0.444037| 0.187 2/1/1998 | 0.390756 | 0.511113| 0.120
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1/1/1965| 0.5017329 | 0.615102( 0.113 1/1/1995 | 0.414117] 0.538089 | 0.124 6/1/1967| 0.343611 | 0.530022| 0.186 3/1/1979] 0.394872 | 0.514431| 0.120
2/1/1965| 0.337066 |[0.511117| 0.174 2/1/1995| 0.409772 | 0.526091| 0.116 9/1/1986 | 0.516684 | 0.703085| 0.186 3/1/1996 | 0.469523 | 0.588615| 0.119
3/1/1965| 0.3224925 | 0.501214| 0.179 3/1/1995| 0.355976 | 0.514696| 0.159 3/1/1977]0.341737| 0.528111| 0.186 2/1/1979] 0.488521 | 0.607168| 0.119
4/1/1965| 0.3730156 | 0.526946| 0.154 4/1/1995| 0.402599 | 0.523205| 0.121 4/1/1992 | 0.328308 | 0.51453 0.186 Hit#H#HHH | 0.508976| 0.627359| 0.118
5/1/1965| 0.1973757 | 0.461594| 0.264 5/1/1995] 0.271936 | 0.411185| 0.139 HHH#HHH| 0.328142| 0.514267 | 0.186 3/1/1999| 0.412322 | 0.530494| 0.118
6/1/1965| 0.2461276 | 0.500558 | 0.254 6/1/1995 | 0.419548 | 0.562638 | 0.143 6/1/2000| 0.21482 | 0.400765| 0.186 1/1/1951 | 0.508856 | 0.627017 | 0.118
7/1/1965| 0.1526357 | 0.27842 0.126 7/1/1995 | 0.503073 | 0.657916| 0.155 9/1/1949 | 0.486055 | 0.67181 0.186 3/1/1955 | 0.280365 | 0.398497| 0.118
8/1/1965| 0.2151665 | 0.384719| 0.170 8/1/1995| 0.170427 | 0.335087| 0.165 9/1/1994 | 0.287636 | 0.473173| 0.186 6/1/1979] 0.119676 | 0.237475| 0.118
9/1/1965| 6.1984E-08 | 6.2E-08 0.000 9/1/1995| 0.218729| 0.389618| 0.171 Hit####HH## | 0.714655 | 0.900133 | 0.185 Hit#H#HHH# | 0.500365 | 0.61721 0.117
Hit###H#HH# | 0.3079403 | 0.506924 | 0.199 Hit####H## | 0.363573 | 0.528774| 0.165 7/1/1950| 0.147589 | 0.333041| 0.185 1/1/1999 | 0.521927| 0.638771| 0.117
HitH###H# | 0.4171445 | 0.562598 | 0.145 Hit###H#HH# | 0.563138| 0.947417| 0.384 2/1/1968 | 0.535678 | 0.72112 0.185 1/1/1971 0.411644 | 0.528485| 0.117
Hit###H#HH## | 0.4813267 | 0.575313| 0.094 Hit###HHH# | 0.500954 | 0.586585| 0.086 Hit#H#H#HH# | 0.310168 | 0.495458 | 0.185 8/1/1960| 0.139981 | 0.256648 | 0.117
1/1/1966 [ 0.5438498 | 0.746706 | 0.203 1/1/1996 | 0.519759 | 0.632093 | 0.112 9/1/1959 | 0.327872| 0.513048| 0.185 2/1/2000| 0.411606 | 0.528126| 0.117
2/1/1966 | 0.3042236 | 0.511075| 0.207 2/1/1996 | 0.656995 | 0.830074 | 0.173 5/1/1987| 0.272686 | 0.457857 | 0.185 1/1/1961| 0.42281 | 0.539141| 0.116
3/1/1966 | 0.5199056 | 0.625046| 0.105 3/1/1996 | 0.469523 | 0.588615| 0.119 7/1/1986 | 0.330599 | 0.515565 | 0.185 2/1/1995| 0.409772 | 0.526091| 0.116
4/1/1966| 0.1598341 | 0.309548| 0.150 4/1/1996| 0.4413 |0.518348| 0.077 9/1/2006 | 0.191262 | 0.376084 | 0.185 4/1/1962 | 0.468246 | 0.584347| 0.116
5/1/1966 | 0.2209045 | 0.461161| 0.240 5/1/1996| 0.472681 | 0.588193| 0.116 Hit###HHH# | 0.559686 | 0.744215| 0.185 2/1/1955| 0.500118 | 0.615881| 0.116
6/1/1966 | 0.3035882 | 0.514074| 0.210 6/1/1996 | 0.140088 | 0.338916| 0.199 2/1/1990 0.335091 | 0.519552| 0.184 1/1/1973 | 0.501084 | 0.61667 0.116
7/1/1966 | 0.3176472 | 0.514369| 0.197 7/1/1996 | 0.219554 | 0.474331| 0.255 HitH##HHH | 0.562927 | 0.747193| 0.184 5/1/1996| 0.472681 | 0.588193| 0.116
8/1/1966| 0.291671 | 0.532153| 0.240 8/1/1996 | 0.018091 | 0.042174| 0.024 5/1/1980| 0.360286 | 0.544243 | 0.184 4/1/1993 | 0.420272| 0.535622| 0.115
9/1/1966| 0.3065397 | 0.533136| 0.227 9/1/1996 | 0.561034 | 0.839125| 0.278 6/1/1974] 0.162857 | 0.346671| 0.184 4/1/1984 | 0.498471| 0.613586| 0.115
Hit####H## | 0.3403167 | 0.515792| 0.175 HitH##H | 0.379743 | 0.542514| 0.163 HitHH##HH | 0.157664 | 0.341408 | 0.184 HitHH#HH# | 0.421142 | 0.535618 | 0.114
HHfH##H# | 0.5000244 | 0.612847| 0.113 HHH#H##H# | 0.679676 | 0.885464 | 0.206 HHH##H# | 0.338046 | 0.521592| 0.184 1/1/1965 | 0.501733| 0.615102 | 0.113
HHf#H### | 0.5009583 | 0.654297| 0.153 HHH##H# | 0.562927 | 0.747193 | 0.184 6/1/1992| 0.239019 | 0.422357 | 0.183 3/1/1963 | 0.407276 | 0.520571| 0.113
1/1/1967 | 0.5186027 | 0.649328( 0.131 1/1/1997 | 0.538162 | 0.634113 [ 0.096 HHH###H# | 0.327755| 0.51106 0.183 HHH###H## | 0.500024 | 0.612847| 0.113
2/1/1967 | 0.3468609 | 0.509326| 0.162 2/1/1997| 0.320161 | 0.454974| 0.135 5/1/1981] 0.342268 | 0.525553 | 0.183 1/1/1996 | 0.519759| 0.632093 | 0.112
3/1/1967| 0.5012392 | 0.607795| 0.107 3/1/1997| 0.53503 | 0.670963| 0.136 4/1/1994 | 0.298748 | 0.48197 0.183 HHH###H# | 0.475063 | 0.587082| 0.112
4/1/1967| 0.2357583 | 0.3852 0.149 4/1/1997| 0.41549 | 0.549213| 0.134 3/1/1978| 0.331128 | 0.513991| 0.183 HHHH##H# | 0.446604 | 0.558499 | 0.112
5/1/1967| 0.2190176 | 0.483982| 0.265 5/1/1997 | 0.543405 | 0.733569 | 0.190 9/1/1984 | 0.332154 | 0.514455| 0.182 3/1/1989| 0.41762 | 0.528829| 0.111
6/1/1967 | 0.3436111 [ 0.530022| 0.186 6/1/1997 | 0.437609 | 0.561062 | 0.123 HH#H###H# [ 0.507209 | 0.689443 | 0.182 1/1/1991 | 0.500035| 0.611202 | 0.111
7/1/1967 | 2.1718E-06 | 2.19E-06 | 0.000 7/1/1997| 0.220923 | 0.402526| 0.182 6/1/2006 | 0.187633 | 0.369792| 0.182 1/1/1975 | 0.520287| 0.631448 | 0.111
8/1/1967 0 0 0.000 8/1/1997| 0.360771 | 0.555445| 0.195 HHH#H###H## | 0.319186 | 0.501204| 0.182 1/1/1952 | 0.407208 | 0.518023 | 0.111
9/1/1967| 0.1493572 | 0.308521| 0.159 9/1/1997| 0.238523 | 0.442856| 0.204 6/1/1954 | 0.358854 | 0.540816| 0.182 HHHH###H# | 0.450316 | 0.561079| 0.111
HiHH##H# [ 0.3865481 | 0.53495 0.148 HHH##H# | 0.53199 | 0.829502| 0.298 8/1/1950 | 0.382629 | 0.564423| 0.182 HHH###H# | 0.494515 ] 0.605085| 0.111
Hif## | 0.3281421 | 0.514267| 0.186 HHH##H# | 0.338046 | 0.521592| 0.184 7/1/1997| 0.220923 | 0.402526| 0.182 1/1/1976 | 0.430649 | 0.540963 | 0.110
Hi#H#### | 0.4020385 | 0.552364| 0.150 HHH##H# | 0.35045 | 0.508684 | 0.158 9/1/1973| 0.37179 | 0.553361| 0.182 2/1/1970] 0.539046 | 0.649278 | 0.110
1/1/1968 | 0.4078966 | 0.546873 [ 0.139 1/1/1998 | 0.465125| 0.56255 0.097 9/1/1979| 0.323774| 0.505163 | 0.181 HHHH##H# | 0.498454 | 0.608416| 0.110
2/1/1968 | 0.5356779 | 0.72112 0.185 2/1/1998 | 0.390756 | 0.511113| 0.120 9/1/1963 | 0.180388 | 0.361074| 0.181 1/1/1993 | 0.461626 | 0.571135| 0.110
3/1/1968 | 0.2884161 | 0.501781| 0.213 3/1/1998 | 0.385441 | 0.531136| 0.146 1/1/1964 | 0.545063 | 0.725677 | 0.181 2/1/1956 | 0.441873 | 0.550884 | 0.109
4/1/1968| 0.1930715 | 0.384885| 0.192 4/1/1998 | 0.143574| 0.275369| 0.132 HHH###H# | 0.350694 | 0.53125 0.181 2/1/1963 | 0.506324 | 0.615288| 0.109
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5/1/1968 | 0.5050358 | 0.706194| 0.201 5/1/1998 | 0.523073 | 0.678701| 0.156 5/1/2007 | 0.325527 | 0.505925| 0.180 5/1/1989| 0.500993 | 0.609325| 0.108
6/1/1968 | 0.3603759 | 0.516788| 0.156 6/1/1998 | 0.312774 | 0.513288| 0.201 HitHH#HHH# | 0.363256 | 0.543617| 0.180 Hit#H#HHH | 0.480284 | 0.588201| 0.108
7/1/1968 | 0.04228926 | 0.043232| 0.001 7/1/1998 | 0.142244 | 0.349518| 0.207 8/1/2001| 0.341924 | 0.522128| 0.180 3/1/1975] 0.417621 | 0.525491| 0.108
8/1/1968| 0.5339366 | 0.798385| 0.264 8/1/1998 | 0.048728 | 0.049873| 0.001 6/1/1952 ] 0.334527 | 0.514334| 0.180 3/1/2002 | 0.507754 | 0.615246| 0.107
9/1/1968| 0.3810868 | 0.534058| 0.153 9/1/1998| 0.421188| 0.569553| 0.148 5/1/1960| 0.320979 | 0.500669 | 0.180 3/1/1967| 0.501239 | 0.607795| 0.107
HitH##H# | 0.4047884 | 0.551149| 0.146 HtHH#HH#] 0.298129| 0.509528 | 0.211 Ht#H#HHH# | 0.331853 | 0.511468| 0.180 3/1/1952| 0.422838 | 0.528187| 0.105
Hit####H# | 0.5031281 | 0.635656| 0.133 HitHH#HHH# | 0.529819| 0.763878 | 0.234 7/1/1988 | 0.162661 | 0.342274| 0.180 3/1/1966 | 0.519906 | 0.625046| 0.105
Hit####HH## | 0.5301238 | 0.732773| 0.203 HitH##HHH | 0.549406 | 0.74361 0.194 5/1/1961] 0.335585 | 0.515144 | 0.180 7/1/1957| 0.082368 | 0.187128 | 0.105
1/1/1969 | 0.5275877 | 0.690567 [ 0.163 1/1/1999 | 0.521927] 0.638771| 0.117 Hit#H##H | 0.324339| 0.5037 0.179 2/1/1958| 0.411996 | 0.516356| 0.104
2/1/1969| 0.4937429 | 0.572258| 0.079 2/1/1999| 0.512674 | 0.595341| 0.083 Hit#H##HH# | 0.332825] 0.512168| 0.179 3/1/1961| 0.423489 | 0.527512| 0.104
3/1/1969| 0.2106355 | 0.40691 0.196 3/1/1999| 0.412322 | 0.530494 | 0.118 4/1/1983 | 0.339766 | 0.519029| 0.179 3/1/1956 | 0.418505 | 0.522275| 0.104
4/1/1969| 0.3112054 | 0.516916| 0.206 4/1/1999| 0.239412 | 0.368705| 0.129 5/1/1955| 0.327874 | 0.507082| 0.179 2/1/2008 | 0.437292 | 0.541061| 0.104
5/1/1969| 0.3031215 [ 0.509397| 0.206 5/1/1999| 0.266622 | 0.489229 | 0.223 3/1/1965 | 0.322493 | 0.501214| 0.179 5/1/1963 | 0.401206 | 0.503848 | 0.103
6/1/1969 | 0.3278443 | 0.519025| 0.191 6/1/1999| 0.26754 | 0.501831| 0.234 4/1/2005 | 0.299881 | 0.478075| 0.178 5/1/1964 | 0.143133 | 0.245747| 0.103
7/1/1969 | 0.05262675 | 0.058867 | 0.006 7/1/1999| 0.093235 | 0.185681 | 0.092 Hit#H#H# | 0.343392| 0.521561| 0.178 8/1/1952| 0.080673 | 0.183104 | 0.102
8/1/1969 0 0 0.000 8/1/1999| 0.151186 | 0.383915| 0.233 5/1/2005 | 0.323526 | 0.501618 | 0.178 Hit#H#HHH# | 0.150717 | 0.252756| 0.102
9/1/1969| 0.5683826 | 0.862985| 0.295 9/1/1999| 0.04997 | 0.064105| 0.014 7/1/1987| 0.342427 | 0.52041 0.178 HitHH#HHH | 0.484316 | 0.586186| 0.102
HitH###HH# | 0.3985417 | 0.55809 0.160 HitHH#H#HH | 0.418597 | 0.56493 0.146 6/1/1963 | 0.256627 | 0.434282| 0.178 9/1/1987| 0.082511 | 0.183683 | 0.101
Hit####H# | 0.5072087 | 0.689443 | 0.182 Hit#H#HH# | 0.396115| 0.552658 | 0.157 9/1/1951| 0.35976 | 0.537375| 0.178 4/1/1971| 0.442996 | 0.543836| 0.101
Hit###HHH## | 0.5089761 | 0.627359| 0.118 Hit###HH# | 0.30173 | 0.504217 | 0.202 1/1/2008 | 0.333796 | 0.511191| 0.177 1/1/1988 | 0.428761| 0.528936| 0.100
1/1/1970| 1.006669 | 1.195714( 0.189 1/1/2000 | 0.405936 | 0.552009 [ 0.146 8/1/1963 | 0.280049 | 0.457018| 0.177 Hit#H#H#HH# | 0.503167 | 0.603265| 0.100
2/1/1970| 0.5390461 | 0.649278| 0.110 2/1/2000| 0.411606 | 0.528126| 0.117 5/1/1949| 0.340877 | 0.517458 | 0.177 8/1/2005 | 0.501092 | 0.599224 | 0.098
3/1/1970| 0.5148591 | 0.605849| 0.091 3/1/2000 | 0.405483 | 0.546656 | 0.141 4/1/1976 | 0.334824| 0.511348| 0.177 2/1/1975]| 0.431062 | 0.529011| 0.098
4/1/1970| 0.3093105 | 0.513118| 0.204 4/1/2000| 0.297484 | 0.516468 | 0.219 HHH##H# | 0.50478 | 0.681179| 0.176 1/1/1998 | 0.465125| 0.56255 0.097
5/1/1970| 0.2746316 | 0.473607| 0.199 5/1/2000| 0.318442 | 0.516315| 0.198 1/1/1949 | 0.325446| 0.501706 | 0.176 8/1/1985| 0.147923 | 0.244825| 0.097
6/1/1970| 0.09618833 | 0.22231 0.126 6/1/2000| 0.21482 | 0.400765| 0.186 6/1/1983| 0.227498 | 0.403467 | 0.176 2/1/2003 | 0.482379 | 0.578831| 0.096
7/1/1970| 1.9731E-05 | 0.000499 | 0.000 7/1/2000 | 0.029606 | 0.0756 0.046 HH#H##H# | 0.340317 ] 0.515792| 0.175 1/1/1997 | 0.538162 | 0.634113| 0.096
8/1/1970 0 0 0.000 8/1/2000 | 0.028403 | 0.071657| 0.043 6/1/1991] 0.352999 | 0.528091| 0.175 3/1/2007 | 0.440535 | 0.535748 | 0.095
9/1/1970| 0.2306105 | 0.502043| 0.271 9/1/2000 | 0.352347 | 0.53913 0.187 1/1/1974 | 0.601967 | 0.77698 0.175 2/1/1959| 0.47091 | 0.565815| 0.095
HHHH##H# | 0.3277546 | 0.51106 0.183 HHH###H# [ 0.418002 | 0.57303 0.155 2/1/1962 | 0.306474 | 0.481429| 0.175 4/1/1955 | 0.515437 | 0.610317| 0.095
HifH### | 0.4166598 | 0.556245| 0.140 HHH#H###H## | 0.331853 1 0.511468| 0.180 HH#H##H# | 0.326073 | 0.500857| 0.175 HHH###H## | 0.485552 | 0.580298 | 0.095
HH#### | 0.5031672 | 0.603265| 0.100 HHH##H# [ 0.399463 | 0.543649| 0.144 2/1/2005 | 0.318036 | 0.492511| 0.174 7/1/1971] 0.070484 | 0.165127 | 0.095
1/1/1971| 0.4116441 | 0.528485| 0.117 1/1/2001 | 0.248988 | 0.418176| 0.169 HH#H###H# | 0.334363 | 0.508833| 0.174 5/1/1953 | 0.500195 | 0.594626| 0.094
2/1/1971| 0.3002957 | 0.455104| 0.155 2/1/2001| 0.260038 | 0.395708 | 0.136 HHH#H##H# | 0.333646 | 0.508054 | 0.174 2/1/1984| 0.459677 | 0.55406 0.094
3/1/1971| 0.440459 |0.532695| 0.092 3/1/2001| 0.387393 | 0.538325| 0.151 6/1/1955| 0.343314 | 0.517679| 0.174 HHHH##H# | 0.481327 ] 0.575313| 0.094
4/1/1971| 0.4429955 | 0.543836| 0.101 4/1/2001| 0.382573 | 0.535698 | 0.153 4/1/2006 | 0.321213 | 0.495557| 0.174 2/1/1972| 0.504456 [ 0.59828 0.094
5/1/1971| 0.1930556 | 0.455205| 0.262 5/1/2001| 0.264024 | 0.4106 0.147 2/1/1965 | 0.337066 | 0.511117| 0.174 2/1/1954 | 0.476899 | 0.569711| 0.093
6/1/1971| 0.3109006 | 0.51195 0.201 6/1/2001| 0.193485 | 0.406703 | 0.213 5/1/1952| 0.272432 | 0.44642 0.174 2/1/1981| 0.47432 | 0.56693 0.093
7/1/1971] 0.07048396 | 0.165127 | 0.095 7/1/2001| 0.244773 | 0.467067 | 0.222 5/1/1959| 0.328168 | 0.502046| 0.174 7/1/1999| 0.093235 | 0.185681| 0.092
8/1/1971| 0.4425063 | 0.59257 0.150 8/1/2001| 0.341924 | 0.522128| 0.180 HHHH###H# [ 0.358833 1 0.532631| 0.174 3/1/1971 0.440459 | 0.532695| 0.092
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9/1/1971| 0.4353317 | 0.593206| 0.158 9/1/2001| 0.328591 | 0.515399| 0.187 HitH##HH# | 0.33617 | 0.50991 0.174 H#H#HHH | 0.502442 | 0.593752| 0.091
HitH####HH# | 0.4076585 | 0.552331| 0.145 Hit###HHH# | 0.332637| 0.533281| 0.201 Hit#H#HHH# | 0.358963 | 0.532604| 0.174 HitHH#HHH | 0.497743 | 0.588999| 0.091
HitHH#HH# | 0.4220294 | 0.572444| 0.150 HitH##HHH | 0.461883 | 0.59156 0.130 3/1/1964 | 0.375635 | 0.549163| 0.174 3/1/1970] 0.514859 | 0.605849| 0.091
HitH##H#H# | 0.4984536 | 0.608416| 0.110 Hit###H#HH | 0.485808 | 0.575604 | 0.090 3/1/1949 0.330761 | 0.504087 | 0.173 1/1/1959 | 0.460203 | 0.550168 | 0.090
1/1/1972| 0.5335248 | 0.700894 | 0.167 1/1/2002 | 0.571142] 0.778123| 0.207 5/1/1973] 0.358657 | 0.531904 | 0.173 Hit#H#HHH | 0.485808 | 0.575604 | 0.090
2/1/1972| 0.504456 | 0.59828 0.094 2/1/2002| 0.53911 | 0.752218| 0.213 2/1/1996 | 0.656995 | 0.830074| 0.173 7/1/1981] 0.070363 | 0.159847 | 0.089
3/1/1972| 0.507489 |[0.574548| 0.067 3/1/2002 | 0.507754 | 0.615246| 0.107 Hit#H#HHH | 0.358614 | 0.531605| 0.173 7/1/1980| 0.060983 | 0.148867 | 0.088
4/1/1972| 0.371057 | 0.509676| 0.139 4/1/2002 | 0.342302 | 0.514418| 0.172 8/1/1983 | 0.335909 | 0.508517| 0.173 7/1/1990| 0.063467 | 0.151279| 0.088
5/1/1972| 0.3622417 | 0.521799| 0.160 5/1/2002 | 0.311587 | 0.505279 | 0.194 4/1/2002 | 0.342302 | 0.514418| 0.172 3/1/1951| 0.472095 | 0.559095| 0.087
6/1/1972| 0.1947846 | 0.444239| 0.249 6/1/2002 | 0.356805 | 0.517002 | 0.160 3/1/1990| 0.362046 | 0.534111| 0.172 Hit#H#H#HH# | 0.505691 | 0.591647 | 0.086
7/1/1972| 0.1909996 | 0.421284| 0.230 7/1/2002 | 0.052602 | 0.100169 | 0.048 Hit###HHH# | 0.505983 | 0.678046| 0.172 8/1/1949| 0.052685 | 0.138584 | 0.086
8/1/1972| 0.2918636 | 0.505004| 0.213 8/1/2002 0 0 0.000 4/1/1949| 0.10317 | 0.274826| 0.172 3/1/1974| 0.482466 | 0.568259 | 0.086
9/1/1972| 0.4419676 | 0.591106| 0.149 9/1/2002 | 0.304964 | 0.523087| 0.218 9/1/1995| 0.218729| 0.389618| 0.171 Hit###H#HH# | 0.500954 | 0.586585| 0.086
Hit###HH# | 0.1576644 | 0.341408| 0.184 HitHH#HHH | 0.296641| 0.50699 0.210 3/1/1985| 0.337694 | 0.508571| 0.171 1/1/1958 | 0.461545| 0.547115| 0.086
Hit###HH# | 0.3361697 | 0.50991 0.174 Hit#H#HHH | 0.272538 | 0.500758 | 0.228 Hit###HHH | 0.502993 | 0.673766| 0.171 2/1/1986| 0.48883 | 0.574097| 0.085
Hit###H#HH# | 0.5283074 | 0.782503 | 0.254 HitHH#HHH | 0.477887 | 0.621612| 0.144 Hit###HH | 0.372704 | 0.543108| 0.170 8/1/1993 | 0.068489 | 0.152957 | 0.084
1/1/1973| 0.5010837 | 0.61667 0.116 1/1/2003 | 0.57146 | 0.799171| 0.228 6/1/2008 | 0.347324 | 0.517526| 0.170 2/1/1960| 0.500339 | 0.584431| 0.084
2/1/1973| 0.2796453 | 0.501825| 0.222 2/1/2003 | 0.482379 | 0.578831| 0.096 1/1/1957 | 0.316119| 0.486254 | 0.170 2/1/1953 | 0.466643 | 0.549654 | 0.083
3/1/1973| 0.39765 |[0.541825| 0.144 3/1/2003 | 0.403544 | 0.531216| 0.128 9/1/1964 | 0.357805 | 0.52765 0.170 2/1/1999| 0.512674 | 0.595341| 0.083
4/1/1973| 0.3116845 | 0.507688| 0.196 4/1/2003 | 0.507747| 0.632071| 0.124 5/1/1957| 0.370277 | 0.539989| 0.170 7/1/1951] 0.050314 | 0.131306| 0.081
5/1/1973| 0.3586574 | 0.531904| 0.173 5/1/2003 | 0.293047 | 0.505397 | 0.212 8/1/1965| 0.215167 | 0.384719| 0.170 2/1/1969| 0.493743 | 0.572258| 0.079
6/1/1973| 0.3078667 | 0.510115| 0.202 6/1/2003 | 0.017831 | 0.04367 0.026 4/1/1985| 0.170901 | 0.340388 | 0.169 6/1/1986 | 0.047449 | 0.124744| 0.077
7/1/1973| 0.01096808 | 0.011535| 0.001 7/1/2003 | 4.01E-08 | 4.01E-08 | 0.000 1/1/1963 | 0.520259 | 0.689718 | 0.169 4/1/1996| 0.4413 | 0.518348| 0.077
8/1/1973| 0.4793449 | 0.606023| 0.127 8/1/2003 | 0.045397 | 0.121294| 0.076 2/1/1982] 0.603908 | 0.773104| 0.169 8/1/2003 | 0.045397 | 0.121294| 0.076
9/1/1973| 0.3717899 | 0.553361| 0.182 9/1/2003 | 0.259288 | 0.40486 0.146 1/1/2001 | 0.248988 | 0.418176| 0.169 3/1/1987| 0.492109 | 0.56777 0.076
Hif### | 0.3433923 | 0.521561| 0.178 HHH###H# [ 0.509367 | 0.69792 0.189 HH#H###H## | 0.355033 | 0.524198 | 0.169 2/1/1978 | 0.503442 | 0.578822| 0.075
HifH### | 0.6455432 | 0.883976| 0.238 HHH##H# [ 0.473067 | 0.617664 | 0.145 6/1/1981] 0.338973 | 0.508084 | 0.169 7/1/1979] 0.067903 | 0.142752| 0.075
HifHH# | 0.484316 | 0.586186| 0.102 HHH##H# | 0.42006 | 0.561842| 0.142 HHH##H# | 0.390627 | 0.559442 | 0.169 2/1/1974] 0.489281 | 0.562019| 0.073
1/1/1974| 0.6019672 | 0.77698 0.175 1/1/2004 | 0.385591| 0.52967 0.144 HH#H###H## [ 0.361555] 0.530241| 0.169 3/1/1957| 0.501744 | 0.572922| 0.071
2/1/1974| 0.4892811 | 0.562019| 0.073 2/1/2004 | 0.342844 | 0.498492| 0.156 HHH##H# | 0.346622 | 0.515098 | 0.168 3/1/1972| 0.507489 | 0.574548 | 0.067
3/1/1974| 0.4824662 | 0.568259| 0.086 3/1/2004 | 0.276752 | 0.439826| 0.163 HHH##H# | 0.342796 | 0.510794| 0.168 2/1/1983| 0.511905 | 0.577698 | 0.066
4/1/1974| 0.2878227 | 0.44649 0.159 4/1/2004 | 0.195486 | 0.358765| 0.163 HH#H#### | 0.363514 | 0.531416| 0.168 2/1/1987| 0.545164 [ 0.59479 0.050
5/1/1974| 0.25445 |0.492647| 0.238 5/1/2004 | 0.247051 | 0.500798 | 0.254 6/1/1953 | 0.389546 | 0.557334| 0.168 7/1/2002 | 0.052602 | 0.100169| 0.048
6/1/1974| 0.1628572 | 0.346671| 0.184 6/1/2004 | 0.229509 | 0.460968 | 0.231 9/1/1958| 0.16352 | 0.331235| 0.168 7/1/2000 | 0.029606 | 0.0756 0.046
7/1/1974| 0.4100024 | 0.574663| 0.165 7/1/2004 0 0 0.000 3/1/1981] 0.330382 | 0.497999| 0.168 8/1/2000 | 0.028403 | 0.071657 | 0.043
8/1/1974 0 0 0.000 8/1/2004 | 0.395047 | 0.561166| 0.166 1/1/1972 | 0.533525| 0.700894 [ 0.167 9/1/1991| 0.103445 | 0.141577| 0.038
9/1/1974| 0.09743669 | 0.221584| 0.124 9/1/2004 | 0.193775| 0.343482| 0.150 5/1/1994 | 0.130606 | 0.297901| 0.167 8/1/2006| 0.02121 | 0.049982| 0.029
HHfH### | 0.3191864 | 0.501204| 0.182 HHH### | 0.324339 | 0.5037 0.179 HHH##H#H# | 0.165463 | 0.33267 0.167 8/1/1988 | 0.020797 | 0.048901| 0.028
HifH### | 0.4774396 | 0.622801| 0.145 HHH###H# | 0.355033 | 0.524198 | 0.169 HHHH##H# | 0.290827 | 0.457412| 0.167 8/1/1994 | 0.019013 | 0.046788 | 0.028
HifH##H# | 0.5186542 | 0.684284 | 0.166 HHH##H# | 0.403231 | 0.552425| 0.149 8/1/2004 | 0.395047 | 0.561166| 0.166 6/1/2003 | 0.017831 | 0.04367 0.026
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APPENDIX B WETLAND PROTECTION
B-2c MR #8 - MONTHLY MEAN AVERAGE VALUES
COMPARE WATER LEVEL FLUCTUTAIONS (WLF)

1/1/1975| 0.5202874 | 0.631448| 0.111 1/1/2005 [ 0.269248 | 0.469234| 0.200 HiHHH##H#] 0.359159 | 0.525124( 0.166 8/1/1996| 0.018091 | 0.042174| 0.024
2/1/1975| 0.4310621 | 0.529011| 0.098 2/1/2005 | 0.318036 | 0.492511| 0.174 ] 0.518654 | 0.684284 0.166 9/1/1999| 0.04997 | 0.064105| 0.014
3/1/1975| 0.4176209 | 0.525491| 0.108 3/1/2005 | 0.488324 | 0.625087 | 0.137 1/1/1981 [ 0.306919 | 0.472511| 0.166 6/1/1987] 0.093248 | 0.103408 | 0.010
4/1/1975| 0.2584133 [ 0.397411| 0.139 4/1/2005| 0.299881 | 0.478075| 0.178 HHHH#####] 0.363573 | 0.528774( 0.165 7/1/1949] 0.000459 | 0.009925| 0.009
5/1/1975| 0.3659904 | 0.520507 | 0.155 5/1/2005 | 0.323526 | 0.501618| 0.178 9/1/1962 | 0.369454 | 0.534595| 0.165 8/1/1986 | 0.001417 | 0.009005 | 0.008
6/1/1975| 0.2865245 | 0.499835| 0.213 6/1/2005 | 0.308598 | 0.529738 | 0.221 3/1/1958 | 0.400228 | 0.565264 | 0.165 7/1/1953] 0.019987 | 0.02735 0.007
7/1/1975| 0.1767193 | 0.383713| 0.207 7/1/2005 | 0.143566 | 0.289951 | 0.146 1/1/1984 [ 0.328511| 0.493526| 0.165 8/1/1959| 0.001077 | 0.008022 | 0.007
8/1/1975| 0.4383042 | 0.579526| 0.141 8/1/2005| 0.501092 | 0.599224| 0.098 7/1/1974 ] 0.410002 | 0.574663 | 0.165 7/1/1969 | 0.052627 | 0.058867 [ 0.006
9/1/1975] 0.05466184 | 0.057239| 0.003 9/1/2005| 0.474815 | 0.596484 | 0.122 8/1/1995 0.170427 | 0.335087 | 0.165 7/1/1991]| 2.61E-06 | 0.0044 0.004
HitH#HH# | 0.3466215 | 0.515098 | 0.168 Hit#HHH# | 0.40221 | 0.560463| 0.158 9/1/1954| 0.127875| 0.292209| 0.164 7/1/1958 | 0.064204 | 0.066783 | 0.003
Hit#HHH# | 0.3968755 | 0.553362| 0.156 Hit#HH# | 0.345352 | 0.534362| 0.189 2/1/1991] 0.507534 | 0.671266| 0.164 9/1/1975] 0.054662 | 0.057239| 0.003
HitHHH#| 0.5212243 | 0.75575 0.235 Hit#HH#] 0.532091 | 0.754634 |  0.223 Hit##HH#] 0.512107 | 0.675697 | 0.164 Hit##HH# | 0.017542 | 0.019137|  0.002
1/1/1976 | 0.4306487 | 0.540963 | 0.110 1/1/2006 | 0.502693| 0.624 0.121 Hit##HH# | 0.357033 | 0.520606| 0.164 8/1/1998 | 0.048728 | 0.049873| 0.001
2/1/1976| 0.5612866 | 0.774875| 0.214 2/1/2006 | 0.348146 | 0.505818| 0.158 4/1/2004 | 0.195486 | 0.358765| 0.163 7/1/1952] 0.049889 | 0.050844 | 0.001
3/1/1976| 0.3604791 | 0.504425| 0.144 3/1/2006 | 0.304348 | 0.498117| 0.194 4/1/2008 | 0.349322| 0.512462| 0.163 7/1/1968 | 0.042289 | 0.043232| 0.001
4/1/1976| 0.3348237 | 0.511348| 0.177 4/1/2006| 0.321213| 0.495557| 0.174 2/1/1980] 0.354799 | 0.517937| 0.163 7/1/1973] 0.010968 | 0.011535| 0.001
5/1/1976| 0.3224447 | 0.513645| 0.191 5/1/2006 | 0.432456 | 0.583916| 0.151 8/1/1976 | 0.385555 | 0.54864 0.163 8/1/1955| 0.005698 | 0.006212| 0.001
6/1/1976| 0.2311757 | 0.502951| 0.272 6/1/2006| 0.187633 | 0.369792| 0.182 3/1/2004] 0.276752 | 0.439826| 0.163 7/1/1970| 1.97E-05 | 0.000499| 0.000
7/1/1976| 0.2357015 [ 0.391706| 0.156 7/1/2006] 0.275086 | 0.511151| 0.236 1/1/1969 [ 0.527588| 0.690567 [ 0.163 7/1/1967| 2.17E-06 | 2.19E-06 | 0.000
8/1/1976| 0.3855548 | 0.54864 0.163 8/1/2006| 0.02121 | 0.049982| 0.029 HitHHH# | 0.379743 | 0.542514|  0.163 HHHHHHH 0 0 0.000
9/1/1976| 0.2711586 | 0.507367| 0.236 9/1/2006 | 0.191262 | 0.376084| 0.185 5/1/1984] 0.352255 0.514767| 0.163 6/1/1951] 0.000231 | 0.000231| 0.000
Hit#HH# | 0.2870193 | 0.521825| 0.235 HitHHH#]| 0.31781 | 0.528298 | 0.210 2/1/1967] 0.346861 | 0.509326| 0.162 8/1/1951 0 0 0.000
HitHHH#| 0.2154084 | 0.419241| 0.204 Hit#HH# ) 0.512854 | 0.77507 0.262 1/1/1953 [ 0.527958| 0.690198 | 0.162 8/1/1958 0 0 0.000
Hit#HH#| 0.2573929 | 0.444037| 0.187 Hit##HH# | 0.485552 | 0.580298 | 0.095 Hit##HHH# | 0.388004 | 0.550107 | 0.162 7/1/1960 0 0 0.000
1/1/1977| 0.3198615 | 0.507573| 0.188 1/1/2007 | 0.400413 ] 0.534463 [ 0.134 Hit##HHH# | 0.535897 | 0.697778 | 0.162 7/1/1962 0 0 0.000
2/1/1977| 0.3146117 | 0.509467| 0.195 2/1/2007 | 0.405047 | 0.546327| 0.141 HitHHHH# | 0.383385| 0.545252|  0.162 9/1/1965| 6.2E-08 | 6.2E-08 0.000
3/1/1977| 0.3417374 [ 0.528111| 0.186 3/1/2007 | 0.440535 | 0.535748 | 0.095 5/1/1985| 0.404237 | 0.565385| 0.161 8/1/1967 0 0 0.000
4/1/1977| 0.1784804 | 0.44532 0.267 4/1/2007 | 0.257287| 0.449583| 0.192 9/1/1955| 0.383065 | 0.544102| 0.161 8/1/1969 0 0 0.000
5/1/1977| 0.2914756 | 0.50259 0.211 5/1/2007] 0.325527 | 0.505925| 0.180 6/1/2002 | 0.356805 | 0.517002| 0.160 8/1/1970 0 0 0.000
6/1/1977| 0.2618913 | 0.455098| 0.193 6/1/2007 | 0.241062 | 0.502665| 0.262 4/1/1978| 0.351473| 0.511473| 0.160 8/1/1974 0 0 0.000
7/1/1977| 0.1480765 | 0.335409| 0.187 7/1/2007] 0.160731 | 0.311678| 0.151 Hit###HHH# ]| 0.403799| 0.563731| 0.160 8/1/1981 0 0 0.000
8/1/1977| 0.4195426 | 0.562605| 0.143 8/1/2007| 0.199857 | 0.466889| 0.267 4/1/1952| 0.375908 | 0.535493| 0.160 8/1/1984 0 0 0.000
9/1/1977| 0.2962181 | 0.509571| 0.213 9/1/2007 | 0.398558 | 0.552779| 0.154 5/1/1972]0.362242 | 0.521799| 0.160 7/1/1994 0 0 0.000
HitHHRHI# | 0.2784725 | 0.489449| 0.211 HitH#HH#] 0.324908 | 0.515609| 0.191 Hit#HH | 0.398542 | 0.55809 0.160 8/1/2002 0 0 0.000
HitHHH#| 0.4211417 | 0.535618| 0.114 Hit###HH#] 0.311565| 0.503283 |  0.192 Hit###HH# | 0.35609 | 0.515401| 0.159 7/1/2003 | 4.01E-08 | 4.01E-08 | 0.000
Hit##HHH# | 0.6157556 | 0.853217| 0.237 HitH#HHH# | 0.475063 | 0.587082| 0.112 9/1/1967| 0.149357| 0.308521| 0.159 7/1/2004 0 0 0.000
1/1/1978| 0.3689091 | 0.513806 [ 0.145 1/1/2008 | 0.333796 | 0.511191| 0.177 5/1/1950] 0.224558 | 0.383682| 0.159 7/1/2008 0 0 0.000
2/1/1978 | 0.5034424 | 0.578822| 0.075 2/1/2008 | 0.437292 | 0.541061| 0.104 HitHH#HHH## | 0.452008 | 0.611058 | 0.159 8/1/2008 0 0 0.000
3/1/1978| 0.331128 [0.513991| 0.183 3/1/2008 | 0.388711 | 0.542767| 0.154 HitHHH# | 0.373453 | 0.532443|  0.159 9/1/2008 0 0 0.000
4/1/1978| 0.3514734 | 0.511473| 0.160 4/1/2008 | 0.349322| 0.512462| 0.163 3/1/1988 | 0.347806 | 0.506684 | 0.159 9/1/1993 | 4.41E-07 | 4.37E-07 | 0.000
5/1/1978 | 0.4179821 [ 0.552474| 0.134 5/1/2008 | 0.525068 | 0.779752| 0.255 3/1/1995| 0.355976 | 0.514696| 0.159 7/1/1956 | 0.000214 | 1.68E-05 | 0.000
6/1/1978 | 0.4179975 [ 0.575578| 0.158 6/1/2008 | 0.347324| 0.517526| 0.170 4/1/1974| 0.287823 | 0.44649 0.159 5/1/1992]0.118637 | 0.11751 | -0.001
7/1/1978 | 0.4297459 | 0.582213| 0.152 7/1/2008 0 0 0.000 HitHH#HH# | 0.40221 | 0.560463| 0.158 1/1/1985 | 0.097239| 0.095204 | -0.002
8/1/1978| 0.3236624 | 0.519624| 0.196 8/1/2008 0 0 0.000 Hit#H#HAH | 0.35045 | 0.508684 | 0.158 7/1/1984 | 0.070569 | 0.062683 [ -0.008
9/1/1978| 0.3223737 | 0.51369 0.191 9/1/2008 0 0 0.000 9/1/1971| 0.435332| 0.593206| 0.158
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APPENDIX B-3 Parklands Executive Residential and Parklands
Business Park at Camas Meadows Golf Course
— MR#7 Flow Control

This project discharges to a Flow Control - exempt receiving water — Lacamas Lake.
Responses are included for this section on flow control, but section 2.5.8 Minimum
Requirement #8: Wetlands Protection seems more applicable. The wetlands are within the 100 yr
flood plain.

» A hydroperiod analysis has been prepared to satisfy MR#8 without providing flow
control.

» This modeling determined that provisions for Flow Control (without infiltration)
provided no significant difference for inflow volume to the wetland. When modeled for
flow control with infiltration, the hydroperiod results were quite negative for some
summer months. This was of concern since the actual infiltration rate might differ from
that modeled. A higher field rate than modeled would have greater negative impact on the
wetland.

Conclusion: MR #7 Flow Control is not applicable for this project.

2.5.7 Minimum Requirement #7: FlowControl
Applicability

Projects must provide flow control to reduce the impacts of stormwater runoff from impervious
surfaces and land cover conversions. The requirement below applies to projects that discharge
stormwater directly, or indirectly through a conveyance system, into a fresh water - except for
projects that discharge to a water in Appendix I-E — Flow Control-Exempt Receiving Waters in
accordance with the following restrictions:

. Direct discharge to the exempt receiving water does not result in the diversion of
drainage from any perennial stream classified as Types 1, 2, 3, or 4 in the State of Washington
Interim Water Typing System, or Types “S”, “F”, or “Np” in the Permanent Water Typing
System, or from any category I, 11, or I1l wetland; and

» The stormwater runoff from this development does not result in the diversion of
drainage from any perennial stream .. or from any category I, 1, or 111 wetland;

. Flow splitting devices or drainage BMP'’s are applied to route natural runoff volumes
from the project site to any downstream Type 5 stream or category IV wetland:

> Flow splitting devices or drainage BMPs are not proposed to route natural runoff
volumes from the project site to any downstream Type 5 stream or category 1V
wetland.
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APPENDIX B-3 Parklands Executive Residential and Parklands
Business Park at Camas Meadows Golf Course
— MR#7 Flow Control

. Design of flow splitting devices or drainage BMP’s will be based on continuous
hydrologic modeling analysis. The design will assure that flows delivered to Type 5 stream
reaches will approximate, but in no case exceed, durations ranging from 50% of the 2-year to
the 50-year peak flow.

> Flow splitting devices or drainage BMPs are not proposed for flows to be delivered
to Type 5 stream reaches.

. Flow splitting devices or drainage BMP’s that deliver flow to category IV wetlands will
also be designed using continuous hydrologic modeling to preserve pre-project wetland
hydrologic conditions unless specifically waived or exempted by regulatory agencies with
permitting jurisdiction; and

» An evaluation of runoff flow to the onsite category 111 wetland was performed with
continuous hydrologic modeling that demonstrated that pre-project wetland
hydrologic conditions would be preserved with the proposed design.

. The project site must be drained by a conveyance system that is comprised entirely of
manmade conveyance elements (e.g., pipes, ditches, outfall protection, etc.) and extends to the
ordinary high water line of the exempt receiving water; and

» Our conference call with DOE indicated that this requirement is related to
conveyance that discharges to a smaller stream that has fish spawning habitat
(salmon spawning in particular).

» The conveyance for this site continues through the wetland complex along a shallow,
low gradient section to the ordinary high water line of the exempt receiving water,
so, this site does not have that situation.

. The conveyance system between the project site and the exempt receiving water shall
have sufficient hydraulic capacity to convey discharges from future build-out conditions (under
current zoning) of the site, and the existing condition from non-project areas from which runoff
is or will be collected

; and

» The conveyance system between the project site and the exempt receiving water has
sufficient hydraulic capacity for this project and upstream projects in a fully developed
built out condition. Based on hydraulic capacity modeling analysis of the 100-yr, 24-hr
release flows through five cross sections along the conveyance to the lake, the maximum
increases ranged from 0.10 ft to a maximum of 0.27 ft and no significant increase in
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APPENDIX B-3 Parklands Executive Residential and Parklands
Business Park at Camas Meadows Golf Course
— MR#7 Flow Control

velocity. These analysis results confirm that there are no site specific hydraulic capacity
concerns.

. Any erodible elements of the manmade conveyance system must be adequately stabilized
to prevent erosion under the conditions noted above.

If the discharge is to a stream that leads to a wetland, or to a wetland that has an outflow to a
stream, both this requirement and Minimum Requirement #8 apply.

» There are no elements in the proposed stormwater management design that will
introduce erodible elements onsite or to the wetland complex and outfall conveyance
as a whole. The modeled peak flow velocity within the wetland is a maximum of 0.7
fps (which is much less than the threshold for erosive concerns at 3 fps) and
confirms there are no erosive concerns as proposed.

Local governments may petition Ecology to exempt projects in additional areas. A petition must
justify the proposed exemption based upon a hydrologic analysis that demonstrates that the
potential stormwater runoff from the exempted area will not significantly increase the erosion

forces on the stream channel nor have near field impacts.

Summary:

e There are no elements in the proposed stormwater management design that will
introduce erodible elements onsite or to the wetland complex and outfall conveyance
as a whole.

e Our conference call with DOE indicated that this requirement is related to
conveyance that discharges to a smaller stream that has fish spawning habitat
(salmon spawning in particular). The conveyance for this site continues through the
wetland complex along a shallow, low gradient section to the ordinary high water
line of the exempt receiving water, so, this site does not have that situation.

e The conveyance system between the project site and the exempt receiving water has
sufficient hydraulic capacity for this project and upstream projects in a fully
developed built out condition. There are no elements in the proposed stormwater
management design that will introduce erodible elements onsite or to the wetland
complex and outfall conveyance as a whole.

e Based on these results and findings, the requirements of Minimum Requirement #7
— Flow Control are not applicable to the site.
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APPENDIX C

Appendix C Runoff Treatment

C-1 Water Quality Flow Rates
C-2 Perk Filter System Summary

C-3 Phosphorus Reduction
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APPENDIX C-1 - WQ FLOW RATES FOR PERK FILTER SYSTEMS

PF-1A Longbow Ln. (west side)

Landuze B azinz

03 - Mitigated Keport Summary
Mitigated Scenario BEeport Options

Basin Downhstream Conneclions

| Surface Flow | | [nterflow | | Groundiwwater |
| | || |
Fervious and Impervious Landuse Types and Areas
|PEHLND M ame | | Arealac) | |IMF'LND M ame | | Arealac) |
|.MB, Lawn, Flat | | 0.186 | |HD&DS£FL&T | | 01576 |
PF-1A Longbow Ln. (west side)
H Analysis
E Water Quality
== On-Line BMP Off-Line BMP
Run
Analysis

24 hour Yolume [ac-ft) 0.0232
Standard Flaw Rate [cfs) (00333

Standard Flow Rate [cfs] [0.01538
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APPENDIX C-1 - WQ FLOW RATES FOR PERK FILTER SYSTEMS

PF-1B Longbow Ln. (north low point)

E WWHM2012 Longbow - PF1AB and 2_R1
File Edit View Help Summary Report

DeEE » BB

@] [wl] =] 1S ol

B3 - Predeveloped/Pre-Project Report Surmnmary @
Fredeveloped =cenario Report Options

Landuze B asins
TPFAB TP Longbow W7| PF-2 Lonbow 5 | PF-14 fw side |

Basin Downstream Conneclions

| Surface Flow | | [ ikl | | Groundwater |

Ferdous and Impervious Landuse Types and Areas
|F"EFHLND M ame | | Arealac) | |IMF'LND tame | | drealac) |

[&/8, Lawn, Flat | [ 0418 | [ROADS/FLAT RSER

PF-1B Longbow Ln. (north low point)

I Analysis

ﬂ Water Quality

B [yl On-Line BMP Off-Line BMP
i Run
t Analysis |
24 hour Yolume [ac-ft) 0.0748

Standard Flow Rate [cfz] (01030 Standard Flow Fate [cfs] |0.0E10
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Exhibit 16 SP26-1005

APPENDIX C-1 - WQ FLOW RATES FOR PERK FILTER SYSTEMS

PF-2 Longbow Ln. (south low point)

B -

Fredeveloped Scenario Report Options

Landuse B asing

PF-1E LP Longbow W PF-2 Lanbow 5 l PF-14 A zide ]

Basin Downstream Connections

| Surface Flow | | Interflow | | [Eraundwater |

| | | |
Fervious and Impervious Landuse Types and Areas

|PEHLND M ame | | Arealac) | |IMF'LND M ame | | Arealac) |
/B, Lawn, Flat || 0333 | |ROADS/FLAT | | 0.385 |

PF-2 Longbow Ln. (south low point)
H Analysis
E Water Quality
/ | |On-Line EMP Off-Line BMP

24 hour Yolume [ac-ft) 0.0562
Standard Flow Bate [cfs) (0.0811

Standard Flow Rate [cfs] |0.0458
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Exhibit 16 SP26-1005

APPENDIX C-1 - WQ FLOW RATES FOR PERK FILTER SYSTEMS

McMaster Dr. (PF-8 and PF-9) Same area input

E WWHM2012 'WO-Golf 5 end
Eile Edit Niew Help Summary Report
DeEeE + BB

® [ (w) 2] [N B

Fredewveloped Scenario Bepaort Options

Landuze Basinz
W zide l E ast side]

Basin Downstream Connections

| Surface Flow | | |Fikerflow | | Groundwater |
| | || |

Fervious and Impersdous Landuse Types and Areas

|F'EF|LND M ame || Arealac] | ||MF'LND M ame || Arealac] |

[C. Lawn, Flat | [ 0434 | [ROADS/FLAT | [ 015 |

McMaster Dr. (PF-8 and PF-9) Same rate

E WWHMZ2012 WQ-Golf 5 end
File Edit Miew Help Summary Report

D &+ 2@ # g

OGRS
& Analysis

E Water Quality
On-Line BMP Off-Line BEMP
|| Run i

Analysis
............................. 24 hour Volume [ac)  |0.0265

Standard Flow Rate [cfz) |0.0404 Standard Flow Rate [cfs) 00221
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Exhibit 16 SP26-1005

APPENDIX C-1 - WQ FLOW RATES FOR PERK FILTER SYSTEMS

McMaster Dr. (PF 6 and PF-7) Same area input

Fredeveloped Scenano Repont Options

Landuze Bazins
Golf mid W | Golf mid |

Basin Downstrearm Connections

| Surface Flow | | Iriterflon | | Groundwater |

Fervious and Impervious Landuse Types and Areas
|PEHLND Hame | | Brealac) | |IMF'LHD Mame | | Brealac) |

[./E. Lawn, Flat [ 0385 | [ROADS/FLAT [ o184 |

PF-6 and PF-7 (same area, same WQ rate)

E WWHM2012 WO-Golf-mid E and W
File Edit View Help Sumrary Report

DEH 2@ & &)
™ ™ ™
ESimESS
H Analysis
E Water Quality

e 7] [On-Line BMP Off-Line BMP
. Run
tAnalysis ;
"""""""""""""" - 24 hour Yalume [ac-f)

Standard Flow Rate [cfg] |0.0313 Standard Flow Rate [cfs] [0.0176
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Exhibit 16 SP26-1005

APPENDIX C-1 - WQ FLOW RATES FOR PERK FILTER SYSTEMS

McMaster Dr. (PF-5)

E WWHM2012 WQ-Golf 5 side LP
File Edit Yiew Help Sumrmary Report
O ) & 2

@ 1] ] (=] B

al
Fredewveloped Scenano Repon Options
Landuse B azins

LF south side | NE side | Nw side |

-

Basin Downstream Connections

| Surface Flow | | | Fikerflos | | Groundwater |

Fervious and Impervious Landuse Types and Areas

IPERLMD Mame || Arealac) | IMPLND Mame [ |

Arealac) |

[E. Lawn, Flat [ 114 | [ROADS/FLAT EGE

McMaster Dr. (PF-5)

E WWHM2012 WO-Golf 5 side LP
File Edit Wiew Help Summary Report

DEE & BE

@] (wl] =] 1S o

ﬁ Analysis
E Water Quality

On-Line BMP Off-Line BMP
|| Run

Analysis ;

""""""""""""""" 24 hour Volume [ac-ft) 0.0967

Standard Flow Rate [cfg] (01438 Standard Flow Rate [cfz) [0.0799
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Exhibit 16 SP26-1005

APPENDIX C-1 - WQ FLOW RATES FOR PERK FILTER SYSTEMS

McMaster Dr. (NE corner with Longbow Ln. (PF-4)

B3 - Mitigated Report Summary
bitigated Scenario Repon Options

Landuze Bazinz

.......................

Basin Downstream Connections

| Surface Flow | |

Interflow | | Groundwater |
| I | |
Fervious and lImpersous Landuse Types and Areas
|F"EF|LND M ame | | Arealac) | |IMF'LND M ame | | Arealac) |
|.-‘-‘-.£E,Lawn, Flat | | 0.2265 | |F|D.-’-‘«DS£FL-’-‘«T | | 0214 |

McMaster Dr. (NE corner with Longbow Ln. (PF-4)

E WWHMZ202 WO-Golf 5 side LP

File Edit Wiew Help Summary Report

D + B@R A

e b e
%Y Qa@';'|.| N

rﬁ Analysis

E Water Quality
=] [ On-Line BMP DOff-Line BMP
. Run ¢
{Analysis

24 hour Yolume [ac-ft) 0.0451

Standard Flow Rate [cfs) (0L0ES7

Standard Flaw Rate [ofg] [0.0370

Page 7 of 20



Exhibit 16 SP26-1005

APPENDIX C-1 - WQ FLOW RATES FOR PERK FILTER SYSTEMS

McMaster Dr. (NW corner with Longbow Ln. (PF-3)

E WWHM2012 WO-Golf 5 side LP
File Edit View Help Surmmary Report
e & =)

@ ] |m) (=] 1] B

Fredeveloped Scenario Report Options

Landuze B azins

LP south side  ME side | N side |

Basin Downstream Connections

| Surface Flow | | Interflow | | Groundiwater |
| I | |
Fersdous and Imperdous Landuse Types and Areas
|F'EF|LND Mame | | Arealac) | |IMF'LND Mame | | Arealac) |
|IZ, Lawan, Flat | | 0.044 | |F!D.-'-‘-.DS;"FL.-'—‘-.T | | 0314 |
McMaster Dr. (NW corner with Longbow Ln. (PF-3)
E WWHMZ2012 WO-Golf 5 side LP
File Edit Yiew Help Surmmary Report
D & e} F 1]
[ [ b
ol u] 3]
rﬁ Analysis
E Water Quality
e B ':I"_Li"E BHP D":'LinE BHP
. Run
L Analysis

........................... 24 hou Volume [acf] 00422

Standard Flow Rate [cfz] [0.0614 Standard Flow Bate [cfs) [0.0346
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Exhibit 16 SP26-1005

APPENDIX C-1 - WQ FLOW RATES FOR PERK FILTER SYSTEMS

BLDG 3 (PF-12)

ERM*JHMED'IE Bldg 3 and 4
Eile Edit View Help Surmmary Report

DeE s B@

_.L L L x » L
@) ¥ \w] (=] (]
rfﬂ.l [ ==
Fredeweloped Scenario Report Options
Landuze Basinz
Blda 2 | Bldg 4a | Bidg 4b |
Basin Downstream Connections
| Surface Flow | | | nkerflow | | Groundwater |
| | | | |
Fervious and Impervious Landuse Types and Areas
|F'EHLND MHame | | Arealac) | |IMF'LND Mame | | Arealac] |
[5/8, Lawn, Flat | [ 0244 | [ROADS/FLAT | [ 0325 |
BLDG 3
E WWHM2012 Bldg 3 and 4
File Edit View Help Sumrmary Report
DeE & i) e Y
™ ™ ™
@ lel ] (=] N
ﬁﬁ.nalysis
E Water Quality
G . u"_Li"E BHP u":_LinE BHF
. Run
tAnalysis |

........................... 34 how Volume [ac-t] 0136

Standard Flow Fate [cfs) (01926 Standard Flow Fate [cfs) |0.1086
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Exhibit 16 SP26-1005

APPENDIX C-1 - WQ FLOW RATES FOR PERK FILTER SYSTEMS

BLDG 4a (PF-11)

B WWHM2012 Bldg 3 and 4

File Edit VYiew Help Summary Report
LDz BB

8] |wl] (@] b

Fa

B9 -

Fredeveloped Scenario Repart Options

Landuze Basinz

Bldg3 Bldg4a | Bldg 4b |

Basin Downstream Connections

| Surface Flow | | |rterflow | | Groundwater |

Fervious and Impervious Landuse Types and Areas
|F'EFELND t arme | | Arealac]

| ||MF'LND f arme || Arealac] |

[B./E. Lawn, Flat | [ 0084 | [ROADS/FLAT | [ 0804 |

BLDG 4a

E WWHM2012 Bldg 3 and 4
File Edit View Help Sumrmary Report

DEeE *»BE@E

@l [wl] =] (5] e

’H Analysis

E Water Quality

............................

I |On-Line BMP Off-Line BMP
Run

24 hour Walume [ac-ft) 0.1146

Standard Flow Rate [cfs) 01673 Standard Flow Rate [cfs] [0.0343

Page 10 of 20



Exhibit 16 SP26-1005

APPENDIX C-1 - WQ FLOW RATES FOR PERK FILTER SYSTEMS

BLDG 4b (PF-10)

B8 WWHM2012 Bldg 3 and 4

File Edit View Help Summary Report
O | & BB

@ ] |5l |5 [N oo

B3 - Predeveloped/Pre-Project Report Surmmary
Fredewveloped Scenario BRepon Options
Landuse Bazinz

Basin Downstream Connections

| Surface Flow | | [nterflow | | [Groundwater |
| | | | |
Fervious and Impervious Landuse Types and Areas
[PERLND Mame || Arealac) | [IMPLND Mame || Aealac) |
/B, Lawn, Flat | | 014 | |ROADS/FLAT || 08695 |
BLDG 4b
E WWHM2012 Bldg3and 4
File Edit View Help Summary Report
DeE & B @& P E]
e [ e
@)+ )] =] 1]
H Analysis
E Water Quality
g in-Line BMP Off-Line BMP
. Run ¢
tAnalysis !

24 hour Yolume [ac-ft] 01233

Standard Flow Rate [cfz) [0.1812 Standard Flow Bate (cfs] |0.1021

Page 11 of 20



APPENDIX C-1 - WQ FLOW RATES FOR PERK FILTER SYSTEMS

Exhibit 16 SP26-1005

BLDG 1 and 2 (PF-14 and PF-13)

EWWHMEDQ Bldg 1and 2
File Edit View Help Summary Report
DEE| & BR

#

o i

More Information

BiEmES

Predeveloped Scenario Feport Options

B3 - Mitigated Report Summary
hitigated Scenario Report Options

Landuse Basins Landuse B
Blda 1 | g 2| Bldg1 {EidgZ}
Basin Downstream Connections Basin Downstream Connections
Surface Flow | | Interflow | | Groundwater | Surface Flow | Inteiflow | | Groundvater
\ | || | | | ||
Pervious and Impervious Landuse Types and Areas Fervious and Impervious Landuse Types and Areas
‘PEHLND Mame ‘ | Arealac] | ‘IMPLND Name | ‘ Arealac) | |PEHLND Mame | | Arealac) | |IMPLND Mame ‘ | Avrealac] |
878, Lawin, Flat |[ 018 | [ROADS/FLAT [ o] [&/B_ Lawn, Flat |[ 01 | [FOADS/HFLAT [ o801 |

BLDG 1 (PF-14)

B WWHM2012 Bldg 1and 2

Eile

Edit

View Help Summary Report

D & BB

@]

] (]

EISh

'H Analysis

........ = un
tAnalysis |

Wwater Quality

On-Line BMP

Off-Line BMP

24 hour Waolurne [ac-ft) 0amz
Statdard Flow Rate [efs) |0.1473

Standard Flow Rate [cfs] |0.0834

Page 12 of 20




Exhibit 16 SP26-1005

APPENDIX C-1 - WQ FLOW RATES FOR PERK FILTER SYSTEMS

BLDG 2 (PF-13)

B3 - Mitigated Repo

Landuse B asins

rt Surnmary

bitigated Scenano Report Options

(e

Basin Downstream Connections

| Surface Flow | |

| rterflaw

Groundwater |

Fervious and Impervious Landuse Types and Areas

[FERLMD Mame

| | Arealac)

| [MPLMD Mame

Areslac) |

|.-'1'-.JEL Lavar, Flat

0.1

| [ROADS/FLAT

=

BLDG 2 (PF-13)

Ba WWHM2012 Bldg
File

1and2

Edit Yiew Help Summary Report

DEE s+ B2E

@] |a]

IS

rﬁ Analysis

Water Quality

On-Line BMP

Of-Line BMP

24 hour Yaolume [ac-f)

Stamdard Flow Fate [ofz] (01045

Standard Flow Rate [cfs) [0.0553

Page 13 of 20



Exhibit 16 SP26-1005

APPENDIX C-1 - WQ FLOW RATES FOR PERK FILTER SYSTEMS

PF-15 Pittock Place Areas

Fredewveloped Scenano Report Options

Landuze Bazing
Fittock Pl ]

Basin Downstream Connections

| Surface Flow | | I nterflons | | roundwater |

Fervious and Impervious Landuse Types and Areas
|PEHLND M amne | | Arealac) | |IMF'LND M ame | | Arealac) |

[SG3. Lawn, Flat |[ 023 | [RD&DS/MOD | [ o308 |

PF-15 Pittock Place

E WWHM2012 WO Pittock PI.
File Edit View Help Summary Report

DEHE %2R Al
[ . .
@l wl] 7]
Hﬁmalysis
E Wwater Quality
ST 1 [On-Line EMP Off-Line BMP
| Run
Analysis |
R Uil : 24 hour Yolume [ac-f]

Standard Flow Fate [cfs) |(0.0743 Stamdard Flow Rate [cfs) [0.0416

Page 14 of 20



Exhibit 16 SP26-1005

APPENDIX C-1 - WQ FLOW RATES FOR PERK FILTER SYSTEMS

LPW (PF-16) Lower Parking Area - west side

E WWHM2012 WO LPW & LPE

File Edit

Yiew Help Sumrmary Report

D & 8@

2 &l
[ e ™

@@ |w] (=] N B
H Analysis
E Water Quality

On-Line EMP Of-Line BMP

. Run ¢

 Analysis |

24 hour Yalume [ac-ft)

Standard Flow Rate [cfs] |0.0333

Standard Flow Rate [ofs] 00530

LPE (PF-17) Lower Parking Area — east side

ﬁ WWHMZ2012 WQ LPW & LPE
File Edit

LDEE + 2@

View Help Summary Report

@] [ul

=) S o

H Analysis
Run
Analysis

Water Quality

On-Line BMP

Of-Line BMP

24 hiour Waolume [ac-ft]

Standard Flow Rate [cfs) {01086

Standard Flaw Rate (ofz) [0.0613

Page 15 of 20



Exhibit 16 SP26-1005

APPENDIX C-1 - WQ FLOW RATES FOR PERK FILTER SYSTEMS

PF-18 Area (Camas Meadows Dr.)

ra

B.- |E
Fredeveloped Scenario Report Options

Landuze Bazins
PF-18 CWS | PR1aCwM | PF20| PF-21 | PF-F (Payne Rd) |

Basin Downstream Connections

| Surface Flow | | Iriterflons | | G roundwater |
| I | |

Fervous and Impervious Landuse Types and Areas

|PEHLND M ame || Arealac) | |IMF"LND M ame || Arealac) |

[B./E Lawn, Flat | [ 01848 | [ROADS/FLAT [ o50ea |

PF-18 WQ FLOW RATE

'ﬁ Analysis

E Wwater Quality
On-Line BMP Off-Line BMP

Run
Analysis
24 hour Volurne [ac-ft] 0.0725

Standard Flow Rate [cfs] (01060 Standard Flow Flate [cfs] |0.0597
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Exhibit 16 SP26-1005

APPENDIX C-1 - WQ FLOW RATES FOR PERK FILTER SYSTEMS

PF-19 Area (Camas Meadows Dr.)

3+ Mitigated Report Summary L X
Mitigated Scenario Report Options

Landuze Bazins

.................................

PF18 Cws [FETSEHIY Pr20| PR21| PR-P (Payne Rdl |

Basin Downstrearm Connections

| Surface Flow | | [rkerflow | | Groundwater |
| I | | |

Fervious and Impervious Landuse Types and Areas

|F'EHLND I ame || Arealac] | |IMF'LND M arme || Brealac] |

[£./8, Lawn, Flat | [ 00887 | [ROADS/FLAT [ o4z |

PF-19 WQ FLOW RATE

’ﬁ Analysis

E Water Quality
On-Line BMP Off-Line BMP

E— Fun

Analysis
24 hour Yolume [ae-f) 0,080

Standard Flow Fate [cfs] (00880 Standard Flow Rate [cfs) |0.0496

Page 17 of 20



Exhibit 16 SP26-1005

APPENDIX C-1 - WQ FLOW RATES FOR PERK FILTER SYSTEMS

PF-20 AREA (Camas Meadows Dr.)

Eg | s
Fredeveloped Scenario Fepon Options
Landuze Basins
PF-18 WS | PF-19CwN  PF-20 | PF-21 | PRP [Payne Rd |

Basin Downstream Connections

| Surface Flow | | Interflos | | [Groundwater |
| || | |

Fervious and Impervious Landuse Types and Areas
|F'EF|LND M ame | | drealac) | |IMF'LND M ame | | Arealac) |

[B./E Lawn, Flat | [ 01624 | [ROADS/FLAT | [ 0431 |

PF-20 WQ FLOW RATE

H Analysis

E Water Quality

On-Line EMP Off-Line BHMP
| |i Run i

é»’-‘malyais
""""""""""""""" 24 hour Yolurme [ac-ft) L0

Standard Flow Rate [cfs) |0.0912 Standard Flow Rate [cfs) [0.0514

Page 18 of 20



Exhibit 16 SP26-1005

APPENDIX C-1 - WQ FLOW RATES FOR PERK FILTER SYSTEMS

PF-21 AREA (Camas Meadows Dr.)

- Mitigated Report Summary @
Aitigated =cenarno Report Options

Landuze Basinz

PF-18 Cw5 | PF-13 CwM | PR20 (P21 PR (Payne Rdl |

...................

Basin Downstream Connections

| Surface Flow | | [rikerflion | | Groundwater |

Fervious and Impervious Landuse Types and Areas

IFERLND Mame | | Arealac) | [IMPLMD Mame || Arealac) |

[B./8 Lawin, Flat [ 01171 | [ROADS/FLAT | [ 057Es |

PF-21 WQ FLOW RATE

ﬁ Analysis
E Wwater Quality

e : On-Line BMP 0Off-Line BMP
- { Run |

éa’%nalysisé
Rl Sl | 24 how Volume [acft) (00821

Standard Flow Rate [cfs] (0.1202 Standard Flow Fate [cfs) [0L0B77
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Exhibit 16 SP26-1005

APPENDIX C-1 - WQ FLOW RATES FOR PERK FILTER SYSTEMS

PF-P AREA (Payne Rd)

3 . Mitigated Report Summary |
bitigated Scenano Feport Options

Landuze Bazins
PF-18 CwS | PF-19 Cwi | PR20 | PRz {PEF Pajne Hay

Basin Downstream Connections

| Surface Flow | | [riterflo | | Groundwater |
| I | |

Fervious and Impervious Landuse Types and Areas

|PEHLND M ame || Arealac) | |IMF"LND M ame || Arealac) |

[4/E. Lawn, Flat | [ 0101 | [ROADS/FLAT =T

PF-P WQ FLOW RATE (Payne Rd)

i Analysis

E Water Quality
On-Line BMP Off-Line BMP

g Run
Analysis
24 hour Yolume [ac-ft) 0.0323

Standard Flow Rate [cfz) |0.0472 Standard Flow Rate [cfz] |0.0268
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Exhibit 16 SP26-1005

APPENDIX C-2 PERK FILTER SIZING SUMMARY
BASED ON WWHM WQ OFFLINE RATES

Perk Filter ALLOWABLE CAPACITY - OFFLINE RATING

Cartridge Size 1 Unit 2 Unit 3 Unit 4 Unit
Height Allowable Allowable Allowable Allowable
(in) Rate (cfs) Rate (cfs) Rate (cfs) Rate (cfs)

12" 0.015 0.030 0.045 0.061

18" 0.023 0.045 0.068 0.091

12" +12" 0.030 0.061 0.091 0.121

18" + 12" 0.038 0.076 0.114 0.152

Parklands - System Requirements

Location Perk Filter Inflow Area Inflow Area Off-line # Cartridge #
ID Pervious Impervious Rate (cfs) Bays System Cartridges
(ac) (ac)
Longbow - N PF-1B 0.418 0.513 0.0610 4 Bi-lateral 12" 4-12"
Longbow - S PF-2 0.339 0.385 0.0458 3 Bi-lateral 12" 3-12"
Longbow - W PF-1A 0.186 0.1576 0.0188 1 18" 1-18"
Mc- NW PF-3 0.044 0.314 0.0346 1 18" + 12" 1-18"and 1-12"
Mc - NE PF-4 0.226 0.314 0.0370 3 12" 3-12"
Mc - S (LP) PF-5 1.114 0.613 0.0799 3 Bi-lateral 12"+ 12" 6-12"
Mc - mid- W PF-6 0.365 0.144 0.0176 1 18" 1-18"
Mc - mid- E PF-7 0.365 0.144 0.0176 1 18" 1-18"
Mc - S end-W PF-8 0.434 0.1265 0.0221 1 18" 1-18"
Mc - S end-E PF-9 0.434 0.1265 0.0221 1 18" 1-18"
Pittock PF-15 0.232 0.455 0.0416 2 18" 2-18"

Camas Meadows Drive - System Requirements

Location Perk Filter Inflow Area Inflow Area Off-line # Cartridge #
ID Pervious Impervious Rate (cfs) Bays System Cartridges
(ac) (ac)

E on N side CMD PF-21 0.1171 0.5764 0.0677 3 18" 3-18"

E on S side CMD PF-20 0.1624 0.4361 0.0514 2 12" + 12" 4-12"
W on S side CMD PF-18 0.1848 0.5068 0.0597 2 12" + 12" 4-12"
W on N side CMD PF-19 0.0887 0.4221 0.0496 2 12" + 12" 4-12"

Payne Rd. PF-P 0.1010 0.2254 0.0266 1 12" + 12" 2-12"

Business Park - System Requirements

Location Perk Filter Inflow Area Inflow Area Off-line # Cartridge #
ID Pervious Impervious Rate (cfs) Bays System Cartridges
(ac) (ac)

Bldg #1 PF-14 0.118 0.710 0.0834 3 12" +12" 6-12"
Bldg #2 PF-13 0.100 0.510 0.0589 2 12"+ 12" 4-12"
Bldg #3 PF-12 0.244 0.9225 0.1086 3 Bi-lateral 18" + 12" 3-12" & 3-18"
Bldg #4 PF-11 0.112 0.8355 0.0982 3 18" + 12" 3-12" & 3-18"
Bldg #4 PF-10 0.112 0.8355 0.0982 3 18" + 12" 3-12" & 3-18"

LPW PF-16 0.031 0.452 0.0530 2 12" +12" 4-12"

LPE PF-17 0.017 0.523 0.0613 2 12"+ 12" 4-12"




Exhibit 16 SP26-1005

APPENDIX C3 WATER QUALITY
C-3a PHOSPHORUS LOADING ANALYSIS
DETERMINE PERCENT PHOSPHORUS REMOVAL BASED ON AREAS

SUMMARY OF CONTRIBUTING AREAS - SEE APPENDIX D SUBBASIN AREAS
Contributing Area Treatment Condition Area Area/Total Area|Percent
Description (ac) (ratio)

Lawn and drives to buffer No Perk Filter 4.527 0.1592 15.92%
Roofs to storm No Perk Filter 3.753 0.1320 13.20%
Roofs to buffer No Perk Filter 4.277 0.1504 15.04%

Treated Area to Perk Filter 15.881 0.5584 55.84%
Total for Site* 28.438 100.0%

*includes Camas Meadows Dr. and portion of Payne Rd.

Assume buffers/wetlands will remove 40% Phosphorous Pollutant Load - Evalaute 3 Scenarios |

Scenario #1: Determine Percent Removal For Site Runoff - portion to Perk Filters and to buffer

Perk Filter 15.881 62.4% per TAPE 15.881*.624 9.91
No Perk Filter ~ 4.527 | Lawn and drives to buffer | assume average 40% 4.760*.40 1.81
Area of concerr  20.408 All Roofs assumed "clean" 11.72

percent removal 11.72/20.408 57.4%

exceeds 50%
Scenario #2: Determine Percent Removal For Site Runoff - portion to Perk Filters and to buffer

Perk Filter 15.881 62.4% per TAPE 15.881*.624 9.91
No Perk Filter 8.804 | Lawn,drives, roofs to buffer | assume average 40% 8.804*.40 3.52
24.685 Roofs to storm assumed "clean" at 3.753 ac. 13.43

percent removal 13.43/24.685 54.4%

exceeds 50%

Scenario #3: Determine Percent Removal For Site Runoff - portion to Perk Filters and to buffer

Perk Filter 15.881 62.4% per TAPE 16.543*.624 9.91
No Perk Filter 12.557 |Lawn, roofs, and roofs to storrri assume average 40% 11.027*.40 5.02
28.438 include all areas 14.93

percent removal 14.93/28.438 52.5%

exceeds 50%



Exhibit 16 SP26-1005

APPENDIX C3 WATER QUALITY
C-3a PHOSPHORUS LOADING ANALYSIS
DETERMINE PERCENT PHOSPHORUS REMOVAL BASED ON AREAS

SUMMARY OF CONTRIBUTING AREAS - SEE APPENDIX D SUBBASIN AREAS
Contributing Area Treatment Condition Area Area/Total Area|Percent
Description (ac) (ratio)

Lawn and drives to buffer No Perk Filter 4.527 0.1592 15.92%
Roofs to storm No Perk Filter 3.753 0.1320 13.20%
Roofs to buffer No Perk Filter 4.277 0.1504 15.04%

Treated Area to Perk Filter 15.881 0.5584 55.84%
Total for Site* 28.438 100.0%

*includes Camas Meadows Dr. and portion of Payne Rd.

Determine Minimum Percent Removal For Buffer to Satisfy 50% removal

Find for 50% removal - Scenario #1 by trial and error 10.204/20.408 I 50.0%
4,527 +15.881 = 20.408
No Perk Filter ~ 4.527 | Lawn and drives to buffer | 6.5% | 4.527%0.065 0.294
and 15.881 +4.277 + 3.753 = 23.911 acres considered "clean" 62.4 % portion 9.91
All Roofs assumed "clean" 10.204

Find for 50% removal - Scenario #2 by trial and error 12.3425/24.685 50.0%

4527 +4.277 + 15.881 =24.685 lowest level removal

No Perk Filter ~ 8.804 | 27.63% | 8.804*.2763  2.4325
and 15.881 + 3.753 = 19.634 acres considered "clean" 62.4 % portion 9.91
Roofs to storm assumed "clean", Roofs to buffers not assumed 'clean’ 12.3422

Find for 50% removal - Scenario #3 by trial and error 14.219/28.438 50.0%

4,527 +4.277 +3.753 + 15.881 = 28.438 lowest level removal

No Perk Filter ~ 12.557 | 34.3% | 12.557*.343 4.309
and only 15.881 acres considered "clean" 62.4 % portion 9.91
14.219
Notes:

1. The roof portion that goes directly to the storm system and not to the buffer is 2.835 Acres (McMaster, Longbow, and Pittock
and the roof portion from the south building (business) at 0.71 acres. This total of 3.55 acres is released at the two culverts bety
Wetland A and B. This amount of runoff is assumed to be treated in the natural wetland ponding area - about 3.37 acre surface
area. The most direct flow path through the onsite wetland is about 550 LF and then passes over another 600 LF in a shallow flo'
path through mostly reed canary grass. Reed canary grass is considered an excellent treatment medium.

2. The roof areas from the other three business portions (1.03 acres) will be released to the storm system and then released frot
the dissipation system to the buffer (304 ft spread for sheet flow).



APPENDIX C WATER QUALITY
C-3b PHOSPHORUS LOADING CALCULATIONS

Reference : Pennsylvania Stormwater Best Management Practices Manaual
Chapter 8, Worksheet 12 (attached)

PREDEVELOPMENT AREA AND POLLUTANT LOADING

Pre

| 28.437 |

0.30

2.7

23.03

Note: 0.3 is factor for HSG C soil (silt loam, clay loam or silty clay loam)

Developed - Untreated Portion to Buffer or to Wetlands

Source Surface TP Unit Pollutant
Area EMC |Conversion Load
(ac) (mg/l) |[Factor

Lots 2-10 - roofs 1.045 0.13 2.7 0.367 LBS
Lots 11-15 - roofs 0.597 0.13 2.7 0.210 LBS
Lot 16 - roof 0.149 0.13 2.7 0.052 LBS
Lots 32-38 - roofs 1.067 0.13 2.7 0.375 LBS
Lots 39-40 - roofs 0.298 0.13 2.7 0.105 LBS
Lots 41-42 - roofs 0.298 0.13 2.7 0.105 LBS
Business - roofs 4.575 0.13 2.7 1.606 LBS
Lots 2-10 - lawn/drive 0.989 0.40 2.7 1.068 LBS
Lots 11-15 - lawn/drivd 1.795 0.40 2.7 1.939 LBS
Lot 16 - lawn/drive 0.213 0.40 2.7 0.230 LBS
Lots 32-38 - lawn/drivd 0.731 0.40 2.7 0.789 LBS
Lots 39-40 - lawn/drivd 0.311 0.40 2.7 0.336 LBS
Lots 41-42 - lawn/drivd 0.218 0.40 2.7 0.235 LBS
north of parking lot 0.27 0.40 2.7 0.292 LBS

12.556 7.707 LBS
Source Surface TP Unit Pollutant

Area EMC |Conversion Load
(ac) (mg/l) |[Factor

CMD 2.763 0.33 2.7 2.462 LBS
Pittock 0.585 0.36 2.7 0.569 LBS
Business -east 2.832 0.39 2.7 2.982 LBS
Business -west 2.890 0.39 2.7 3.043 LBS
Lawn to streeet 3.652 0.40 2.7 3.944 LBS
Streets - R/W 3.159 0.36 2.7 3.071LBS

15.881 16.070 LBS

7.707 LBS

Total Post-Development Load

Total Area

28.437

treated
treated
treated
treated
treated
treated
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APPENDIX C WATER QUALITY
C-3b PHOSPHORUS LOADING CALCULATIONS

DETERMINE POLLUTANT LOADING WITH TREATMENT ACCOUNTED FOR

16.07 Ibs treated at 62.4% = 9.91 |bs removed 6.160 Ibs remain
6.495 lbs treated at 45%* = 2.923 lbs removed 3.572 Ibs remain
Pollutant Load 9.73 LBS OK
compare Pre loading 23.03 LBS

Note that even witout treatment credit at buffer, 6.16 + 6.495 = 12.655 LBS
which is a 45% reduction from Pre loading. So buffere only needs to provide 5% redu

*Assume wetland buffer will treat 45% of phosphorus pollutant load

1. Literature search varies on removal percentages.

However, natural buffers are considered effective even for wastewater conditions.
2. Buffer widths for 0% to 8% slopes are generally listed n the 70 to 100 LF range.
The buffer width for this site is 50 LF. However, during the WQ event, the distance to
ponded water in the wetland is more than 50 feet. See attachment with contour 188
for reference.
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Pennsylvania Stormwater Best Management Practices Manual Chapter 8

WORKSHEET 13. POLLUTANT REDUCTION THROUGH BMP APPLICATIONS*

*FILL THIS WORKSHEET OUT FOR EACH BMP TYPE WITH DIFFERENT POLLUTANT REMOVAL
EFFICIENCIES. SUM POLLUTANT REDUCTION ACHIEVED FOR ALL BMP TYPES ON FINAL SHEET.

BMP TYPE:

DISTURBED AREA CONTROLLED
BY THIS BMP TYPE (AC)

DISTURBED AREAS CONTROLLED BY THIS BMP TYPE:

POLLUTANT POLLUTANT LOAD*
Nitrate- RUNOFF
LAND COVER CLASSIFICATION Tsﬂf’:f’fc T;,EMM)C Nitrite EMC ?;st'? VOLUME Ifg;; (I_':;; "'_"g;)
- (mg/l as N) {AF)
Forest 39 0.15 0.17
Meadow 47 0.19 0.3
g s} Fertilized Planting Area 55 1.34 0.73
2 2 Native Planting Area 55 0.40 0.33
g £ Lawn, Low-Input 180 0.40 0.44
oo Lawn, High-Input 180 222 1.46
Golf Course Fairway/Green 305 1.07 1.84
Grassed Athletic Field 200 1.07 1.01
Rooftop 21 0.13 0.32
© , | _High Traffic Sireet/ Highway 261 040 083
o9 Medium Traffic Street 113 0.33 0.58
E .g Low Traffic / Residential Street 86 0.36 0.47
o3 Res. Driveway, Play Courts, etc. 60 0.46 047
E ® [THigh Traffic Parking Lot 120 0.39 0.60
Low Traffic Parking Lot 58 0.15 0.39
TOTAL LOAD TO THIS BMP TYPE
POLLUTANT REMOVAL EFFICIENCIES FROM TABLE 9-3 (%)
POLLUTANT REDUCTION ACHIEVED BY THIS BMP TYPE (LBS)
POLLUTANT REDUCTION ACHIEVED BY ALL BMP TYPES (LBS)
REQUIRED REDUCTION FROM WS12 (LBS)

** Pollutant Load = [EMC, mg/l] X [Volume, AF] X [2.7, Unit Conversion]
*** T8S and TP calculations only required for projects not meeting CG1/CG2 or not controlling less than 90% of the disturbed area

363-0300-002 / December 30, 2006 Page 44 of 46
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fu 2

STi1. FOR ALL LOTS ADJACENT TO BUFFER
OR SHARED PRIVATE SYSTEM TO BUFFER,
EACH LOT TO DRAIN ROOF WATER TO REAR
OF LOT WTH INDIVIDUAL LOT T LEVEL
5P DETAIL $0-18 SHEET 15.

PER S0—18& TYP.

“ N, B 7 ——
_ o - = |
/ ™ WEEPHOLE ON EACH LOT PER DETAL \\ FER S0-18 TVP. PROPERTY LIE "

] // 183 0

10 PVT, STORM
EASEMENT " I =)

s
| PER SD-18 TYP. / R )
e T T
20 access_ | ._ 4 / oy
EASEMENT /.f/_ - FROM NEW MANHOLE
- ; el 7 WSTALL OUTLET
24" PERF PIPE S=ALONG EX GROUND SURFACE. PROTECTION PER __ %
DIG OUT ¥ BELOW & FILL WITH QUARRY SPALLS 1' THICK CAMAS STANDARD [T
AROUND PIPE. 24" PERF PIPE WTH EXTRA DRMIFD HOLES PER Py
- TP, Wuf i
- e

- PERF_PIPE DISPERSION
SYSTEM

2T 1 pyr. STORM
a5 EASEMENT

MH_E3

42 EASEMENT

&
.,., . ..:.\ .ﬂ.

et Y . b

Release at Longbow Ln, ! Wetland A
The flow will travel about 200 LF prior to f . The flow path for phosphorus treatment
reaching the ponded water area with a flow 7 is the 50 LF buffer width plus flow to the _
path that continues to the north property | 188 contour (actually to about 187.7) ,
line and enters dense reed canary grass.

Wetland B

The flow path for phosphorus treatment
is the 50 LF buffer width plus flow to the
189 contour near the culvert.




Exhibit 16 SP26-1005

APPENDIX D

Storm System Elements Discussion - Brief

The main piping has been entered into the model as Storm Line A, B, C, D, E, F, and G. The majority of
the effort has been to make sure that the subbasin areas have been accounted for and directed to the
appropriate storm system. The subbasin areas have been tabulated with respect to pervious and
impervious area.

The plan shows the location of the Perk Filter system units and the outfall for Storm Line B and Cin
particular. These two outfalls will utilize stilling well structures to dissipate the energy from for flow
from nearly 20 acres for each system. The Line A system is actually providing two stilling well structures.
This second structure is mainly for better distribution of the flow volume to the perforated pipe
dissipation system. See Appendix E-3 and E-4.

Appendix D Conveyance System

D-1 Storm System Pipe Capacity and Velocity Check -10-yr (Reach Info and HGL)
Reach Analysis
HCAD for Line A and B — 10-yr
HCAD for Line C - 10-yr
HCAD for Line E - 10-yr
HCAD for Line D, E, and F — 10-yr
HCAD for Line G
HCAD Thru Wetlands — 10-yr
HGL analysis
HCAD for Line A and B — 10-yr
HCAD for Line C - 10-yr
HCAD for Line D, E, and F — 10-yr
HCAD for Line G

D-2 Conveyance Design Comments

D-3 Dynamic Analysis Water Surface Summary for 100-yr Surcharged Condition
HCAD for Line A, B, and C — 100-yr
HCAD for Line E
HCAD for Line D and F — 100-yr
HCAD for Line G
HCAD Thru Wetlands — 100-yr
D-4 Rear Yard Sytems
HCAD for Rear Yard Systems — see also App. C-4 WQ for Single Lot



APPENDIX D

D-1 SUBBASIN AREAS-SITE AND CAMAS MEADOWS DRIVE

SUMMARY OF DRAINAGE AREAS

AREAS TREATED WITH PERK FILTERS FOR PHOSPHORUS

MCMASTER DR. AND LONGBOW LN TO WETLAND A - SOUTH CULVERT*

Subcat ID Drive Lawn Street Sidewalk Grass Total Total
Area (sf) | Area (sf) Area (sf) Area (sf) | Area (sf) | Area (sf) | Area (ac)
PF1A 1,000 7,576 3,978 1,884 529 14,967 0.344
PF3 --- --- 9,509 3,282 1,856 14,647 0.336
PF4 2,000 7,966 8,740 2,939 1,901 23,546 0.541
PF5 5,000 44,399 15,809 5,894 4,136 75,238 1.727
PF6 2,360 15,391 2,900 1,000 540 22,191 0.509
PF7 2,360 15,329 2,900 1,000 540 22,129 0.508
PF8 3,000 18,452 1,923 586 176 24,137 0.554
PF9 3,000 18,452 1,923 586 176 24,137 0.554
18,720 127,565 47,682 17,171 9,854 220,992 5.073
0.430 Ac. 1.095Ac.  0.394Ac. 0.226 Ac.
LONGBOW LN TO WETLAND A - NORTH CULVERT*
Subcat ID Drive Lawn Street Sidewalk Grass Total Total
Area (sf) | Area (sf) Area (sf) Area (sf) | Area (sf) | Area (sf) | Area (ac)
PF1B 6,500 18,000 10,791 5,080 3,227 43,598 1.001
PF2 5,000 13,500 11,731 545 1,285 32,061 0.736
11,500.00 31,500.00 22,522.00 5,625.00 4,512.00 75,659 1.737

0.264 Ac. | 0.723 Ac. 0.517 Ac. 0.129 Ac.  0.104 Ac.

* North and South Culverts are now Interconnected

SUMMARY FOR TREATED AREAS -MCMASTER AND LONGBOW SYSTEM

Drive Lawn Street Sidewalk Grass Total Total
Area (sf) | Area (sf) | Area (sf) Area (sf) Area (sf) | Area (sf) | Area(ac)
30,220 159,065 70,204 22,796 14,366 296,651 6.810

0.694 Ac. 3.652 Ac. 1.612 Ac. 0.523 Ac. 0.330 Ac.

SUMMARY FOR TREATED AREAS - BUSINESS PK -EAST

Subcat ID |Parking [Landscape Total Total
Area (sf) [Area (sf) Area (sf) Area (ac)

PF10 37,875 6,109 43,984 1.010

PF11 35,023 3,662 38,685 0.888

PF12 30,681 9,998 40,679 0.934

103,579 19,769 123,348 2.832

2.378 Ac. 0.454 Ac.
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D-1 SUBBASIN AREAS-SITE AND CAMAS MEADOWS DRIVE

APPENDIX D

SUMMARY FOR TREATED AREAS - BUSINESS PK -WEST

Subcat ID |Parking [Landscape Total Total
Area (sf) [Area (sf) Area (sf) Area (ac)
PF13 21,016 4,369 25,385 0.583
PF14 33,428 5,160 38,588 0.886
PF16 19,881 1,364 21,245 0.488
PF17 30,681 9,998 40,679 0.934
105,006 20,891 125,897 2.890
2.411 Ac. 0.480 Ac.
PITTOCK PLACE
Subcat ID Drive Lawn Street Sidewalk Grass Total Total
Area (sf) | Area (sf) Area (sf) Area (sf) | Area (sf) | Area (sf) | Area (ac)
PF15 1,000 9,010 13,447 1,350 683 25,490 0.585
Camas Meadows Drive and Payne Rd (portion)
SubcatID | Street | Sidewalk Grass Total Total
Area (sf) | Area (sf) Area (sf) Area (sf) | Area (ac)
PFP 7,418 2,400 4,400 14,218 0.326
PF18 17,676 4,400 8,052 30,128 0.692
PF19 13,067 5,420 3,864 22,351 0.513
PF20 15,139 3,858 7,073 26,070 0.598
PF21 15,214 7,280 5,100 27,594 0.633
68,514 23,358 28,489 120,361 2.763
SUMMARY FOR TREATED AREAS
McMaster and Longbow Ln 6.810
Business Park-East 2.832
Business Park-West 2.890
Pittock Place 0.585
Camas Meadows Drive 2.763
15.880 Treated
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D-1 SUBBASIN AREAS-SITE AND CAMAS MEADOWS DRIVE

APPENDIX D

UNTREATED - DRAINS TO AND THROUGH BUFFER

Exhibit 16 SP26-1005

Lawn/Drive

1.795 Ac.

Lawn/Drive

0.989 Ac.

Lawn/Drive

0.213 Ac.

South of Wetland A W1A and W1B
Lot # Lot Area Roof Drive Lawn
(sf) (sf) (sf) (sf)
2 16,255 6,500 1,000 8,755 [Note: Lot # 1 drains to Pittock Place
3 18,071 6,500 1,000 10,571
4 16,016 6,500 1,000 8,516
5 15,864 --- 1,000 8,364 |Lot #5 roof drains to Pittock Place
6 16,213 6,500 1,000 8,713
7 15,463 6,500 1,000 7,963
8 17,274 6,500 1,000 9,774
9 — — — — Note: Lot # 9 drains to Longbow Ln. -See PF1A
10 15,043 6,500 1,000 7,543
130,199 45,500 8,000 70,199 Imperv. Perv. Total
2.989 Ac. 1.045 Ac. 0.184 Ac. 1.612 Ac. 1.228 Ac. 1.612 Ac. | 2.840 Ac.
Subcat Lawn
ID (sf)
LPD North of parking area 11,678
Lots South of Wetland B
Lot # Lot Area Roof Drive Lawn
(sf) (sf) (sf) (sf)
11 15,008 6,500 1,000 7,508
12 15,090 — 1,000 7,590 |Note: Lot #12 roof to drains to Longbow Ln. - See PF2
13 15,073 6,500 1,000 7,573
14 15,016 6,500 1,000 7,516
15 15,413 6,500 1,000 7,913
75,600 26,000 5,000 38,100 Imperv. Perv. Total
1.736 Ac. 0.597 Ac. 0.115 Ac. 0.875Ac.| 0.712 Ac. | 0.875Ac.| 1.586 Ac.
E1A E1B
0.689 0.875
Lots South of Wetland C
Lot # Lot Area Roof Drive Lawn
(sf) (sf) (sf) (sf)
16 15,798 6,500 1,000 8,298 Imperv. Perv. Total
0.363 Ac. 0.149 Ac. 0.023 Ac. 0.190 Ac.| 0.172 Ac. | 0.190Ac.| 0.363 Ac.
E2A E2B
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APPENDIX D
D-1 SUBBASIN AREAS-SITE AND CAMAS MEADOWS DRIVE
Lot # Lot Area Roof Lawn
(sf) (sf) (sf)
32 15,328 7,500 7,828
33 16,516 6,500 6,016
34 15,112 6,500 4,612
35 15,103 6,500 4,603
36 15,096 6,500 4,596
37 15,473 6,500 4,973
38 18,044 6,500 7,044
110,672 46,500 39,672 Imperv. Perv. Total
2.541 Ac. 1.067 Ac. 0.731 Ac. 1.067 Ac.| 0.731Ac. | 1.799 Ac.
N1A N1B
Lots North of Wetland B Lots North of Wetland B
Portion Draining to Rear Portion Draining to Longbow Ln.
Lot # Lot Area Roof Lawn Lot # Lot Area Drives Lawn
(sf) (sf) (sf) (sf) (sf) (sf)
39 18,235 6,500 6,235 39 18,235 1,000 7,500
40 18,329 6,500 7,329 40 18,329 1,500 3,000
36,564 13,000 13,564 36,564 2,500 10,500
0.839 Ac.| 0.298 Ac. 0.311 0.839 Ac. 0.057 Ac. 0.241 Ac.
N2A N2B Drains to PF2
Lots North of Wetland B Lots North of Wetland B
Portion Draining to Rear Portion Draining toLongbow Ln.
Lot # Lot Area Roof Lawn Lot # Lot Area Drives Lawn
(sf) (sf) (sf) (sf) (sf) (sf)
42 15,385 6,500 4,885 42 15,385 1,000 3,000
41 15,115 6,500 4,615 41 15,115 1,000 3,000
30,500 13,000 9,500 30,500 2,000 6,000
0.700 Ac. | 0.298 Ac. 0.218 0.700 Ac. 0.046 Ac. 0.138 Ac.
N3A N3B Drains to PF2
| Roof Areas Released at Longbow Ln. - Untreated | | System - Untreated |

Roof Areas to Pittock Place.

Roof Areas to McMaster Dr. and Longbow Ln - Line |

Subcat ID | # Roofs Roof Total
Area (sf) Area (ac)

RE2 2 13,000 0.298
RE3A 1 6,500 0.149
RE3B 2 13,000 0.298
RE4 1 6,500 0.149
RE5 1 6,500 0.149
RE6 4 26,000 0.597
RE7 2 13,000 0.298
RE8 2 13,000 0.298
RE9 1 6,500 0.149
16 104,000 2.388

Subcat ID # Roofs Roof Total
Area (sf) | Area (ac)
RP1 2 13,000 0.298

[Business Park Roof Areas to Dissipation System|

SubcatID | #Roofs Roof Total
Area (sf) | Area (ac)
BPR1 Business 3,000 0.069
BPR2 Business 19857 0.456
0.525
Total roof area not treated
Total lineD, E, & F 3.753
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APPENDIX D
D-1 SUBBASIN AREAS-SITE AND CAMAS MEADOWS DRIVE

Roof Areas to McMaster Dr. - Line D and F
Subcat ID | # Roofs Roof Total Sum Total - not treated
Area (sf) Area (ac)
RD1 1 6,500 0.149
6,500 0.149 Lots 2-10 1.045
Lots 11-15 0.597
Roof Areas to McMaster Dr. - Line D and F Lot 16 0.149
Subcat ID | # Roofs Roof Total Lots 32-38 1.067
Area (sf) Area (ac) Lots 39-40 0.298
BPR3 Business | 21950 0.504 Lots 41-42 0.298
BPR4 Business | 31,000 0.712 3.454
1.216 to dissipation system and buffer 0.823
Total roof area not treated | 3.7530 |roofs to storm and Wetland A
Impervious| Pervious SUMMARY FOR POLLUTANT ANALYSIS
Area (ac) | Area (ac) Contributing Area Treatment Condition Area
1.228 1.612 Description (ac)
0.27 Lawn and drives to buffer No Perk Filter 4.527
0.689 Ac. 0.875Ac. Roofs to storm No Perk Filter 3.753
0.172 0.19 Roofs to buffer No Perk Filter 4.277
1.067 0.731 Treated Area to Perk Filter 15.881
0.298 0.311 Total for Site*  28.438
0.298 0.218 *includes Camas Meadows Dr. and portion of Payne Rd.

3.752 4.207 7.959 Untreated (Imperv. and Perv.)
4.575 Untreated - roofs
15.881 Treated
Total iR
compare 28.14 Ac. in HCAD Note: slight descrepancies in area summaries - insignificant



Notes:

APPENDIX D CONVEYANCE SYSTEM
D-1 STORM SYSTEM PIPE CAPACITY

AND VELOCITY CHECK - 10-YR EVENT

1. The storm systems are sized for open channel flow - 10-yr event. However, velocity head losses create a backwater condition -see remark column.
2. In the 10-yr max. velocity column, the open channel flow velocity is noted first and then the velocity due to the backwater condition where applicable.
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STORMLINEA & B
Upstream Downstream Pipe Pipe Length Pipe us us DS Pipe Slope 10-YR Pipe Full [ Max. Velocity Max Depth at Pipe Remark
Structure Structure Length |cntr to cntr Size Rim Invert Invert | cntr to cntr | Peak Rate| Capacity | at 10-yr Flow WSEL | Structure Dia. on Hydraulic
ID ID ID (ft) (in) Elev. (ft) (ft) (ft/ft) (cfs) (cfs) (fps)* (ft) (ft) (ft) Condition
PF-P1 MH P1 PFP1 9.0 10 230.28 229.07 229.02 0.0056 0.27 1.63 2.21/1.97 229.40 0.33 0.83 OK
MH P1 MH B3 P-2 116.7 12 230.46 229.02 222.58 0.0552 0.27 8.40 4.86/1.71 229.27 0.25 1.00 OK
MH B3 MH B1 P-1 222.6 12 230.25 222.38 214.85 0.0338 0.27 6.56 4.09/1.71 222.63 0.25 1.00 OK
PF-18 MH B2 PF18 30.0 10 221.73 216.64 215.69 0.0317 0.50 4.04 5.04/2.69 217.05 0.41 0.83 OK
PF-19 MH B2 PF19 30.0 10 221.73 216.64 215.69 0.0317 0.39 4.04 4.69/2.43 217.01 0.37 0.83 OK
MH B2 MH B1 B-2 67.9 12 222.11 215.49 214.85 0.0094 0.89 3.48 3.71/1.03 216.72 1.23 1.00 submerged
MH B4 MH B1 B-4 61.5 18 229.98 215.67 214.85 0.0133 3.19 12.13 5.79/2.80 216.94 1.27 1.50 submerged
MH B1 MH A2 B-1 190.0 18 222.45 214.65 211.10 0.0187 9.53 14.4 8.71/5.40 216.66 2.01 1.50 submerged
PF-15 MH A3 A-3 112.6 10 205.36 201.36 200.80 0.0050 0.72 1.55 2.78/2.65 201.91 0.55 0.83 OK
MH A3 MH A2 A-2 253.0 10 218.14 200.73 199.47 0.0050 0.72 1.94 3.30/2.11 201.26 0.53 0.83 submerged
MH A2 MH A1A A-1A 184.0 15 218.95 199.37 188.00 0.0618 5.71 16.06 13.09/4.65 200.83 1.46 1.25 submerged
MH A2 MHA1B A-1B 170.0 15 218.95 199.37 188.50 0.0639 5.71 16.33 13.31/4.65 200.83 1.46 1.25 submerged
MH A1B MH C1 A1B-C1 180.0 24 200.70 191.50 192.00 -0.0028 28.77 11.97 ---/3.81 192.53 1.03 2.00 OK
MH A1A MH A1B AIA-A1B 124.0 24 200.00 191.00 191.50 -0.0040 28.77 14.31 ---/4.55 192.53 1.53 2.00 OK
PF-14 MH A2 B-1A 10.0 8 217.63 212.80 212.72 0.0080 0.73 1.08 3.33/2.8 213.42 0.62 0.67 OK
PF-16 MH A1A A-1C 9.5 8 200.56 195.73 189.67 0.6379 0.42 9.65 13.86/2.09 196.11 0.38 0.67 OK
Storm System Line C
Upstream Downstream Pipe Pipe Length Pipe us us DS Pipe Slope 10-YR Pipe Full [ Max. Velocity Max. Depth at Pipe Remark
Structure Structure Length | cntr to cntr Size Rim Invert Invert | cntr to cntr | Peak Rate| Capacity | at 10-yr Flow WSEL | Structure Dia. on Hydraulic
ID ID ID (ft) (in) Elev. (ft) (ft) (ft/ft) (cfs) (cfs) (fps) (ft) (ft) (ft) Condition
D1-1 Tee into C-10 C-11 13.0 15 243.08+/-| 240.13 238.23 0.1462 no flow 24.7 - no flow --- - -
Extg MH C11 MH C10 C-10 163.4 18 242.62 238.72 237.68 0.0064 2.46 8.38 4.12/3.3 239.68 0.96 1.50 OK
MH C10 MH C9 C-9 121.7 18 242.00 237.68 237.25 0.0035 2.46 6.24 3.32/2.45 239.13 1.45 1.50 OK
MH C9 MH C8 C-8 200.0 24 245.34 237.25 228.79 0.0423 13.2 46.53 12.75/4.51 239.01 1.76 2.00 OK
MH C8 MH C7 C-7 166.3 24 236.46 228.59 224.72 0.0233 13.19 34,51 10.25/4.51 230.35 1.76 2.00 OK
MH C7 MH C6 C-6 149.8 30 231.84 224.52 221.94 0.0172 13.19 53.83 9.06/4.89 226.28 1.76 2.50 OK
PF-20 MH C6 C6-B 21.0 8 230.19 225.19 223.57 0.0771 0.43 5.10 5.68/2.89 225.56 0.37 0.67 OK




APPENDIX D CONVEYANCE SYSTEM
D-1 STORM SYSTEM PIPE CAPACITY

AND VELOCITY CHECK - 10-YR EVENT
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PF-21 MH C6 C-6A 21.0 8 230.19 225.19 223.57 0.0771 0.48 6.69 7.10/2.06 226.09 0.9 0.67 submerged
MH C6 MH C5 C-5 118.1 30 230.60 221.74 221.10 0.0054 14.11 30.19 6.04/2.51 225.31 3.57 2.50 submerged
MH C5 MH C4 C-4 96.4 30 231.17 220.90 220.41 0.0051 14.11 29.24 5.90/2.60 224.99 4.09 2.50 submerged
MH C4 MH C3 C-3 55.6 30 231.61 220.21 220.08 0.0023 16.08 19.83 4.5/3.13 224.66 4.45 2.50 submerged
MH C3 MH C2 C-2 134.0 18 228.35 219.88 201.00 0.1409 16.08 39.43 21.17/9.09 224.04 4.16 1.50 submerged
PF-13 MH C2 C-2A 63.5 8 216.70 211.87 206.00 0.0924 0.47 3.67 7.24/2.15 212.27 0.40 0.67 OK
MH C2 MH C1 C-1 158.5 18 210.80 200.80 189.00 0.0744 16.53 28.66 16.79/9.35 205.17 4.37 1.50 submerged
PF-17 MHC1 C-1A 16.4 8 203.88 199.05 190.22 0.5384 0.42 8.87 13.05/2.09 199.43 0.38 0.67 oK
Storm System Line D, E, & F
Upstream Downstream Pipe Pipe Length Pipe us us DS Pipe Slope 10-YR Pipe Full [ Max. Velocity Max. Depth at Pipe Remark
Structure Structure Length |cntr to cntr Size Rim Invert Invert | cntr to cntr | Peak Rate| Capacity | at 10-yr Flow WSEL | Structure Dia. on Hydraulic
ID ID ID (ft) (in) Elev. (ft) (ft) (ft/ft) (cfs) (cfs) (fps) (ft) (ft) (ft) Condition
DI-2 Extg MH E-12 15.0 15 224.78+/-| 221.83 218.62 0.2140 no flow 29.88 - no flow --- 1.25 no flow
Extg MH AD4 E-11 14.0 12 221.88 218.62 217.00 0.1157 2.94 12.12 12.72/4.13 219.86 1.24 1.00 submerged
AD4 AD1 E-10 25.0 15 219.00 216.00 215.85 0.0060 2.94 7.37 5.66/3.73 217.11 1.11 1.25 OK
AD3 AD2 E-14 94.8 12 228.00 226.00 216.00 0.1055 GW flow 7 11.57 --- 226.00 | Min. Flow 1.00 oK
AD2 AD1 E-13 124.0 12 218.00 216.00 215.50 0.0040 0.13 2.26 1.58/0.57 216.46 0.46 1.00 OK
AD1 MH E9 E-9 115.3 15 218.00 215.50 214.00 0.0130 3.31 7.37 5.84/3.32 216.45 0.95 1.25 OK
MH E9 MH E8 E-8 76.5 15 219.24 214.00 213.00 0.0131 3.46 7.39 5.92/4.44 215.01 1.01 1.25 OK
MH E8 MH E7 E-7 84.3 15 217.50 213.00 212.35 0.0077 3.46 5.67 4.85/4.11 214.09 1.09 1.25 OK
PF-8 MH E7 E-7A 12.0 6 216.05 212.22 212.15 0.0058 0.32 0.85 2.27/0.73 213.33 1.11 0.50 submerged
PF-9 MH E7 E-7B 10.0 6 216.05 212.22 212.15 0.0070 0.32 0.94 2.43/0.73 213.33 1.11 0.50 submerged
MH E7 MH E6 E-6 196.3 15 216.29 212.15 210.35 0.0092 4.28 6.19 5.44/3.64 213.29 1.14 1.25 OK
PF-6 MH E6 PF5 12.0 6 214.04 210.79 210.15 0.0533 0.30 2.24 0.85/0.75 211.34 0.55 0.50 submerged
PF-7 MH E6 PF7 10.0 6 214.04 210.79 210.15 0.0640 0.30 2.39 0.94/0.75 211.34 0.55 0.50 submerged
MH E6 MH E5B E-5B 93.4 18 214.32 210.15 209.00 0.0123 5.36 10.59 6.01/3.67 211.31 1.16 1.50 OK
MH E5B MH E5A E-5A 55.9 18 213.36 208.80 208.10 0.0125 5.48 27.39 12.10/4.94 210.00 1.20 1.50 OK
MH E5A MH E4 E-4 173.9 18 212.78 207.90 205.20 0.0155 5.6 20.63 9.93/3.73 209.09 1.19 1.50 OK
PF-10 MH F1 F-2R 85.6 10 226.48 220.90 215.55 0.0625 0.84 5.48 7.27/2.42 22141 0.51 0.83 OK
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PF-11 MH F1 F-2L 125.6 10 226.26 220.68 215.55 0.0408 0.76 4.43 6.06/2.35 221.16 0.48 0.83 OK
MH F1 MH E4 F-1 180.7 12 219.53 215.45 205.29 0.0562 2.48 8.45 9.34/3.27 216.37 0.92 1.00 oK
MH E4 MH E3 E-3 213.4 18 209.38 205.00 198.29 0.0314 8.13 18.63 10.18/4.62 206.66 1.66 1.50 submerged
PF-3 MH E3 D-1A 17.0 8 203.47 200.05 198.84 0.0712 0.28 0.83 2.14 200.66 0.61 0.67 oK
PF-4 MH E3 E-3A 10.0 8 203.56 200.14 199.71 0.0430 0.38 0.85 2.37/0.33 200.68 0.54 0.67 OK
PF-5 MH E3 D-1B 13.0 8 203.20 198.41 198.29 0.0092 1.05 1.16 3.77/3.04 201.02 2.61 0.67 submerged
PF-12 MH D2 D-2 138.0 10 215.79 215.79 200.64 0.1098 1.31 7.26 10.08/2.78 216.46 0.67 0.83
MH D2 MH E3 D-1 135.8 12 204.67 200.00 198.29 0.0126 1.31 4.00 4.55/2.14 200.96 0.96 1.00 oK
MH E3 MH E2 E-2 2449 18 203.49 198.09 190.20 0.0322 11.33 18.85 11.15/6.45 200.61 2.52 1.50 submerged
MH E2 MH E1 E-1 129.1 18 193.30 190.00 187.98 0.0156 11.33 13.14 8.36/6.45 192.54 2.54 1.50 submerged
PF-1A MH E1 E-1A 26.0 8 191.94 188.52 187.47 0.0404 0.23 2.43 4.36/1.00 189.04 0.52 0.67 OK
MH E1 OUTLET W-1 30.0 24 190.86 187.47 187.47 0.0000 6.72 --- ---/3.65 188.99 1.52 2.00 oK
MH E1 MH G1 W-3 43.0 24 190.86 187.98 186.07 0.0444 4.85 47.67 15.17/4.45 189.99 2.01 2.00 submerged
Storm System Line G
Upstream Downstream Pipe Pipe Length Pipe us us DS Pipe Slope 10-YR Pipe Full [ Max. Velocity Max Depth at Pipe Remark
Structure Structure Length | cntr to cntr Size Rim Invert Invert | cntr to cntr | Peak Rate| Capacity | at 10-yr Flow WSEL | Structure Dia. on Hydraulic
ID ID ID (ft) (in) Elev. (ft) (ft) (ft/ft) (cfs) (cfs) (fps) (ft) (ft) (ft) Condition
PF-1B MH G2 G-3 19.0 6 189.75 186.5 186.34 0.0084 0.68 0.51 2.62/3.37 188.92 2.42 0.50 submerged
PF-2 MH G2 G-2 18.0 6 189.66 186.41 186.34 0.0039 0.51 0.35 1.79/2.48 188.68 2.27 0.50 submerged
MH G2 MH G1 G-1 63.8 12 189.88 186.34 186.07 0.0042 1.18 2.32 2.76/1.34 188.40 2.06 1.00 submerged
MH G1 OUTLET W-2 14.7 24 190.37 186.07 186.06 0.0007 7.84 5.99 1.91/2.45 188.32 2.25 2.00 submerged
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APPENDIX D-1
PIPE CAPACITY CALCS

|Note: Pipes modeled with Pond symbol in HCAD do not provide pipe capacity - but do provide pipe

Job Name: Parklands Design Values
Job Number: Results
Date: 10/18/16 1:37 PM
Reach: MH A2 to MH A1A or Line A-1A

Pipe Capacity (Full Flow)

By Manning's Equation

1/2
Q 1486 AR 2/381/2 and, Q: KS
n

Pipe diameter = in. = or 1.25 feet

Pipe slope = 0.0618 | ft. per foot

Manning's n = 0.013

Pipe cross-section area A=mri= I 1227 sq.ft. |

Pipe hydraulic radius R=D/4 = 0.3125

K = 1.486/n((AR??) K 64.595

Then Q= 16.059 cfs 7207.68 gpm

v=[[ 13.086 fps
Job Name: Parklands Design Values
Job Number: Results
Date:  10/18/16 1:37 PM
Reach: MH A2 to MH A1B (A-1B)
Pipe Capacity (Full Flow)
By Manning's Equation
1/2
Q 1486 AR 2/381/2 and, Q: KS
n

Pipe diameter = in. = or 1.25 feet

Pipe slope = 0.0639 | ft. per foot

Manning's n = 0.013

Pipe cross-section area A=mri= I 1227 sq.ft. |

Pipe hydraulic radius R=D/4 = 0.3125

K = 1.486/n((AR?) K 64.595

Then Q= 16.329 cfs 7329.12 gpm

v=[[ 13.306 fps




Job Name:
Job Number:

Date:
Reach:

APPENDIX D-1
PIPE CAPACITY CALCS

Parklands

10/18/16 1:37 PM

Stub to MH C9from south

Pipe Capacity (Full Flow)

By Manning's Equation

Q 1 486 AR 2/381/2 and,
n
Pipe diameter = in. = or 2 feet
Pipe slope = 0.0423 | ft. per foot
Manning's n = 0.013
Pipe cross-section area A== || 3.142 sq. ft ||
Pipe hydraulic radius R=D/4 = 0.5000
K = 1.486/n((AR??) K 226.219
Then Q= 46.527 cfs 20882.94 gpm
V= 14.810 fps
Job Name: Parklands
Job Number:
Date:  10/18/16 1:37 PM
Reach: MH C4 to MH C3 (Line C-3)

Pipe Capacity (Full Flow)

By Manning's Equation

Q 1 486 AR 2/38 1/2 and,
n
Pipe diameter = in. = or 2.5 feet
Pipe slope = 0.0023 ] ft. per foot
Manning's n = 0.013
Pipe cross-section area A== || 4.909 sq. ft. ||
Pipe hydraulic radius R=D/4 = 0.6250
K = 1.486/n((AR?) K 410.165
Then Q= 19.671 cfs 8829.01 gpm
V= 4.007 fps
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Design Values
Results

Q — KS:I./Z

Design Values
Results

Q — KS:I./Z



Job Name: Parklands

APPENDIX D-1
PIPE CAPACITY CALCS

Job Number:

Date: 10/18/16 1:37 PM

Reach:

MH E4 to MH E3 Line E-3)

Pipe Capacity (Full Flow)

By Manning's Equation

8354.42 gpm

Q 1 486 AR 2/381/2 and,
n

Pipe diameter = in. = or 1.5 feet
Pipe slope = 0.0314 ] ft. per foot
Manning's n = 0.013
Pipe cross-section area A== I 1767 sq.ft. |
Pipe hydraulic radius R=D/4 = 0.3750
K = 1.486/n((AR??) K 105.040
Then Q= 18.614 cfs

v=[ 10.533 ips
Job Name: Parklands

Job Number:
Date: 10/18/16 1:37 PM

Reach: PF-5to MH E3

Pipe Capacity (Full Flow)

Q=

Pipe diameter =

Pipe slope =

Manning's n =

Pipe cross-section area
Pipe hydraulic radius

K = 1.486/n((AR*®)

Then Q

By Manning's Equation
1.486
AR 2/3 S 1/2
n

0.0092 | ft. per foot

0.013

and,

0.666667 feet

0349 sq.ft. |

0.1667

K 12.083

R=D/4 =

1.159 cfs
3.320 fps

520.23 gpm
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Design Values
Results

Q — KS:I./Z

Design Values
Results

Q — KS:I./Z



Job Name: Parklands

APPENDIX D-1
PIPE CAPACITY CALCS

Job Number:

Date: 10/18/16 1:37 PM

Reach: PF-1B to MH G1

Pipe Capacity (Full Flow)

By Manning's Equation

230.82 gpm

Q 1 486 AR 2/381/2 and,
n

Pipe diameter = E in.=or 0.5 feet
Pipe slope = 0.0084 | ft. per foot
Manning's n = 0.013
Pipe cross-section area A== || 0.196 sq. ft ||
Pipe hydraulic radius R=D/4 = 0.1250
K = 1.486/n((AR??) K 5.611
Then Q= 0.514 cfs

V= 2.619 fps
Job Name: Parklands

Job Number:
Date:  10/18/16 1:37 PM

Reach: PF-2to MH G1

Pipe Capacity (Full Flow)

Q=

Pipe diameter =

Pipe slope =

Manning's n =

Pipe cross-section area
Pipe hydraulic radius

K = 1.486/n((AR*®)

Then Q

By Manning's Equation

1 486 AR 2/381/2

n
0.0039 | ft. per foot

0.013

and,

=or 0.5 feet

A== 0196 sq. f. |

0.1250

K 5.611

R=D/4 =

0.350 cfs
1.785 fps

157.28 gpm

Exhibit 16 SP26-1005

Design Values
Results
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Design Values
Results
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STORM LINE A & B (REACH INFO ONLY)
Parklands Final 8-26-2016-10-yr-add Offsite-Reach

Prepared by Hewlett-Packard Company Printed 10/17/2016
HydroCAD® 10.00-15 s/n 08107 © 2015 HydroCAD Software Solutions LLC Page 2

Pipe Listing (selected nodes)

Line# Node In-Invert  Out-Invert Length  Slope n  Diam/Width Height Inside-Fill
Number (feet) (feet) (feet) (ftHt) (inches) (inches) (inches)

1 A2 200.60 199.47 1436 00079 0.013 10.0 0.0 0.0
2 A3 201.36 200.80 1126 0.0050 0.013 10.0 0.0 0.0
3 B 21465 211.10 188.8 0.0188 0.013 18.0 0.0 0.0
4 B2 215.49 214.85 67.0 0.0096 0.013 12.0 0.0 0.0
5 B4 215.67 214 .85 615 0.0133 0.013 18.0 0.0 0.0
6 P-1 222 .38 214.85 2220 0.0339 0.013 12.0 0.0 0.0
7 P-2 229.07 222.58 116.7 0.0556 0.013 12.0 0.0 0.0
8 PF14 212.80 212.72 10.0 0.0080 0.013 8.0 0.0 0.0
8 PF15 201.36 201.35 20 00050 0.013 10.0 0.0 0.0
10 PF16 195.73 189.67 95 06379 0.013 8.0 0.0 0.0
11 PF18 216.64 215.69 28.0 0.0339 0.013 10.0 0.0 0.0
12 PF19 216.64 215.69 28.0 0.0339 0.013 10.0 0.0 0.0
13 PFP1 229.07 229.02 9.0 0.0056 0.013 10.0 0.0 0.0
14 A1 199.27 188.00 1836 00614 0.013 15.0 0.0 0.0
15  A-1 19927 188.50 1706 0.0631 0.013 15.0 0.0 0.0
16 AlA 191.50 191.50 2.0 0.0000 0.013 240 0.0 0.0

17 SW2 191.00 191.00 2.0 0.0000 0.013 240 0.0 0.0
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STORM LINE A & B (REACH INFO ONLY)

Parklands Final 8-26-2016-10-yr-add Offsite-Reach Type IA 24-hr 10-yr Rainfall=3.80"
Prepared by Hewlett-Packard Company Printed 10/17/2016
HydroCAD® 10.00-15 s/n 08107 © 2015 HydroCAD Software Solutions LLC Page 3

Time span=0.00-48.00 hrs, dt=0.03 hrs, 1601 points
Runoff by SBUH method, Split Pervious/Imperv.
Reach routing by Dyn-Stor-ind method - Pond routing by Dyn-Stor-Ind method

Reach A-2: MH A3 TO MH A2 Avg. Flow Depth=0.35" Max Vel=3.30 fps Inflow=0.72 cfs 0.240 af
10.0" Round Pipe n=0.013 L=1436' S$=0.0079'" Capacity=1.94 cfs Outflow=0.72 cfs 0.240 af

Reach A-3: PF-15 Pittock PI. Avg. Flow Depth=0.40' Max Vel=2.78 fps Inflow=0.72 cfs 0.240 af
10.0" Round Pipe n=0.013 L=112.6' S=0.0050" Capacity=1.55cfs Outflow=0.72 cfs 0.240 af

Reach B-1: MH B1 - CMD and Village Avg. Flow Depth=0.89' Max Vel=8.71 fps Inflow=9.53 cfs 3.668 af
18.0" Round Pipe n=0.013 L=188.8' S=0.0188' Capacity=14.40cfs Outflow=9.53 cfs 3.668 af

Reach B-2: MH B2 to MH B1 Avg. Flow Depth=0.35' Max Vel=3.71 fps Inflow=0.89 cfs 0.321 af
12.0" Round Pipe n=0.013 L=67.0' $=0.0096'" Capacity=3.48 cfs Outflow=0.89 cfs 0.321 af

Reach B-4: MH B4 to MH B1 Avg. Flow Depth=0.53' Max Vel=5.79 fps Inflow=3.19 cfs 1.372 af
18.0" Round Pipe n=0.013 L=61.5" S$=0.0133'/ Capacity=12.13 cfs Outflow=3.19 cfs 1.372 af

Reach P-1: NMH B3 to MH B1 Avg. Flow Depth=0.14' Max Vel=4.09 fps Inflow=0.27 cfs 0.087 af
12.0" Round Pipe n=0.013 L=222.0' S=0.0339 " Capacity=6.56 cfs Outflow=0.27 cfs 0.087 af

Reach P-2: Perk Filter Payne Avg. Flow Depth=0.12' Max Vel=4.86 fps Inflow=0.27 cfs 0.087 af
12.0" Round Pipe n=0.013 L=116.7" S$=0.0556 "/ Capacity=8.40 cfs Outflow=0.27 cfs 0.087 af

Reach PF14: Perk Filter 14 to MH A2 Avg. Flow Depth=0.40' Max Vel=3.33 fps Inflow=0.73 cfs 0.247 af
8.0" Round Pipe n=0.013 L=10.0' S=0.0080'"" Capacity=1.08 cfs Outflow=0.73 cfs 0.247 af

Reach PF15: PF-15 Pittock Pl. Avg. Flow Depth=0.31" Max Vel=2.47 fps Inflow=0.45 cfs 0.152 af
10.0" Round Pipe n=0.013 L=2.0' S=0.0050'" Capacity=1.55cfs Outflow=0.45 cfs 0.152 af

Reach PF16: Perk Filter #16 Avg. Flow Depth=0.10' Max Vel=13.86 fps Inflow=0.42 cfs 0.141 af
8.0" Round Pipe n=0.013 L=9.5' S=0.6379'/ Capacity=9.65cfs Outflow=0.42 cfs 0.141 af

Reach PF18: Perk Filter 18 Avg. Flow Depth=0.20' Max Vel=5.04 fps inflow=0.50 cfs 0.181 af
10.0" Round Pipe n=0.013 L=28.0' $=0.0339' Capacity=4.04 cfs Outflow=0.50 cfs 0.181 af

Reach PF19: Perk Filter 19 Avg. Flow Depth=0.18'" Max Vel=4.69 fps Inflow=0.39 cfs 0.140 af
10.0" Round Pipe n=0.013 L=280' S$=0.0339'" Capacity=4.04 cfs Outflow=0.39 cfs 0.140 af

Reach PFP1: Perk Filter Payne(PF-P1) Avg. Flow Depth=0.23' Max Vel=2.21 fps Inflow=0.27 cfs 0.087 af
10.0" Round Pipe n=0.013 L=9.0' S=0.0056'"/" Capacity=1.63 cfs Outflow=0.27 cfs 0.087 af
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STORM LINE C (REACH INFO ONLY)
Parklands Final 8-26-2016-10-yr-add Offsite-Reach
Prepared by Hewlett-Packard Company Printed 10/17/2016
HydroCAD® 10.00-15 s/n 08107 © 2015 HydroCAD Software Solutions LLC Page 2

Pipe Listing (selected nodes)

Line# Node In-Invert Out-Invert Length  Slope n  Diam/Width Height Inside-Fill
Number (feet) (feet) (feet) (ft/ft) {(inches) (inches) (inches)

1 CA1 200.80 189.00 158.5 0.0744 0.013 18.0 0.0 0.0
2 GC-10 238.72 237.68 163.4 0.0064 0.013 18.0 0.0 0.0
3 C2 219.88 201.00 134.0 0.1409 0.013 18.0 0.0 0.0
4 C-3 220.21 220.08 556 0.0023 0.013 300 0.0 0.0
5 C4 220.90 220.21 964 0.0072 0.013 30.0 0.0 0.0
6 G5 221.74 221.10 118.1 0.0054 0.013 30.0 0.0 0.0
7 C6 224.52 221.94 149.8 0.0172 0.013 30.0 0.0 0.0
8 C-7 228.59 224.72 166.3 0.0233 0.013 240 0.0 0.0
g9 C-8 237.25 228.79 200.0 0.0423 0.013 24.0 0.0 0.0
10 C-8 237.68 237.25 1217 0.0035 0.013 18.0 0.0 0.0
11 PF20 22519 22401 218 0.0541 0.013 10.0 0.0 0.0
12 PF21 226.02 223.99 21.8 0.0931 0.013 10.0 0.0 0.0
13 PF13 211.87 206.00 635 0.0924 0.013 8.0 0.0 0.0
14 PF17 199.05 190.22 16.4 05384 0.013 8.0 0.0 0.0
15 C1 192.00 192.00 2.0 0.0000 0.013 24.0 0.0 0.0
16  WPLS 239.08 238.92 1126 0.0014 0.013 12.0 0.0 0.0



Exhibit 16 SP26-1005

STORM LINE C (REACH INFO ONLY)

Parklands Final 8-26-2016-10-yr-add Offsite-Reach Type IA 24-hr 10-yr Rainfall=3.80"
Prepared by Hewlett-Packard Company Printed 10/17/2016
HydroCAD® 10.00-15_s/n 08107 © 2015 HydroCAD Software Solutions LLC Page 3

Time span=0.00-48.00 hrs, dt=0.03 hrs, 1601 points
Runoff by SBUH method, Split Pervious/imperv.
Reach routing by Dyn-Stor-Ind method - Pond routing by Dyn-Stor-Ind method

Reach C-1: E of Bldg 2 (MH C2 TO MH Avg. Flow Depth=0.82" Max Vel=16.78 fps Inflow=16.50 cfs 6.783 af
18.0" Round Pipe n=0.013 L=158.5' S$=0.0744'/' Capacity=28.66 cfs Outflow=1 6.50 cfs 6.783 af

Reach C-10: Extg MH to MH C10 - new  Avg. Flow Depth=0.56' Max Vel=4.12 fps Inflow=2.46 cfs 1.701 af
18.0" Round Pipe n=0.013 L=163.4' S=0.0064'/" Capacity=8.38 cfs Outflow=2.46 cfs 1.701 af

Reach C-2: MH 3 to MH 2 Avg. Flow Depth=0.67' Max Vel=21.16 fps Inflow=16.04 cfs 6.624 af
18.0" Round Pipe n=0.013 L=134.0' S=0.1409'/ Capacity=39.43 cfs Outflow=16.04 cfs 6.624 af

Reach C-3: at Inersection (MH C4 TO  Avg. Flow Depth=1.71" Max Vel=4.50 fps Inflow=16.04 cfs 6.624 af
30.0" Round Pipe n=0.013 L=55.6' S=0.0023'" Capacity=19.83 cfs Outflow=16.04 cfs 6.624 af

Reach C-4: MH 5 to MH 4 Avg. Flow Depth=1.11" Max Vel=6.70 fps Inflow=14.05 cfs 5.804 af
30.0" Round Pipe n=0.013 L=96.4' S=0.0072'" Capacity=34.70cfs Outflow=14.07 cfs 5.804 af

Reach C-5: MH 6 to MH 5 Avg. Flow Depth=1.20' Max Vel=6.04 fps Inflow=14.05 cfs 5.804 af
30.0" Round Pipe n=0.013 L=118.1" $=0.0054'"" Capacity=30.19cfs Outflow=14.05 cfs 5.804 af

Reach C-6: MH 7 to MH 6 Avg. Flow Depth=0.84' Max Vel=9.06 fps Inflow=13.15 cfs 5.477 af
30.0" Round Pipe n=0.013 L=149.8' S$=0.0172'/ Capacity=53.83 cfs Outflow=13.14 cfs 5.477 af

Reach C-7: MH8to MH 7 Avg. Flow Depth=0.86' Max Vel=10.24 fps Inflow=13.15 cfs 5.477 af
240" Round Pipe n=0.013 L=166.3' S$=0.0233'" Capacity=34.51 cfs Outflow=13.15 cfs 5.477 af

Reach C-8: Offsite to Camas Avg. Flow Depth=0.73' Max Vel=12.74 fps Inflow=13.16 cfs 5.477 af
24.0" Round Pipe n=0.013 L=200.0' $=0.0423'"" Capacity=46.53 cfs Outflow=13.15 cfs 5.477 af

Reach C-9: MH C10 to MH C9 Avg. Flow Depth=0.65' Max Vel=3.32 fps Inflow=2.46 cfs 1.701 af
18.0" Round Pipe n=0.013 L=121.7" S=0.0035'!" Capacity=6.24 cfs Outflow=2.46 cfs 1.701 af

Reach PF 20: Perk Filter 20 Avg. Flow Depth=0.16' Max Vel=568 fps Inflow=0.43 cfs 0.155 af
10.0" Round Pipe n=0.013 L=21.8" S$=0.05417 Capacity=5.10 cfs OQutflow=0.43 cfs 0.155 af

Reach PF 21: Perk Filter 21 Avg. Flow Depth=0.15' Max Vel=7.10 fps Inflow=0.48 cfs 0.172 af
10.0" Round Pipe n=0.013 L=21.8' $=0.0931'" Capacity=6.69 cfs Outflow=0.48 cfs 0.172 af

Reach PF13: Perk Filter #13 Avg. Flow Depth=0.16' Max Vel=7.24 fps Inflow=0.47 cfs 0.160 af
8.0" Round Pipe n=0.013 L=635' $=0.0924 I Capacity=3.67 cfs Outflow=0.47 cfs 0.160 af

Reach PF17: Perk Fiiter #17 Avg. Flow Depth=0.10' Max Vel=13.05 fps Inflow=0.42 cfs 0.141 af
8.0" Round Pipe n=0.013 L=16.4' S=0.5384 "/ Capacity=8.87 cfs Outflow=0.42 cfs 0.141 af
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STORM LINE D, E, & F (REACH INFO)
Parklands Final 8-26-2016-10-yr-add Offsite-Reach

Prepared by Hewlett-Packard Company Printed 10/17/2016
HydroCAD® 10.00-15 s/n 08107 © 2015 HydroCAD Software Solutions LLC Page 2

Pipe Listing (selected nodes)

Line# Node In-Invert  Out-Invert Length  Slope n Diam/Width Height Inside-Fill
Number (feef) (feet) (feet) (ft/ft) (inches) (inches) (inches)

1 DA 200.00 198.29 1358 00126 0.013 12.0 0.0 0.0
2 D2 215.79 200.64 138.0 0.1098 0.013 10.0 0.0 0.0
3 EA1 190.00 187.98 1291 00156 0.013 18.0 0.0 0.0
4 E-10 215.50 214.00 1156.3 0.0130 0.013 15.0 0.0 0.0
5 E-11 218.62 217.00 140 0.1157 0.013 12.0 0.0 0.0
6 E-13 216.00 215.50 1240 00040 0.013 12.0 0.0 0.0
7 E-14 228.00 216.00 948 01055 0.013 12.0 0.0 0.0
8 E-2 198.09 190.20 2449 00322 0.013 18.0 0.0 0.0
9 E-3 205.00 198.29 2134 0.0314 0.013 18.0 0.0 0.0
10 E+4 205.00 198.29 173.9 0.0386 0.013 18.0 0.0 0.0
11 E-BA 209.00 205.20 559 0.0680 0.013 18.0 0.0 0.0
12 E-5B 210.15 209.20 934 0.0102 0.013 18.0 0.0 0.0
13 E6 212.15 210.35 196.3 00092 0.013 15.0 0.0 0.0
14 E-7 213.00 212.35 84.3 0.0077 0.013 15.0 0.0 0.0
16 E-8 214.00 213.00 76.5 0.0131 0.013 15.0 0.0 0.0
16 E-9 215.50 214.00 1153 0.0130 0.013 15.0 0.0 0.0
17 F1 21545 205.29 180.7 0.0562 0.013 12.0 0.0 0.0
18 PF10 220.90 215.55 856 00625 0.013 10.0 0.0 0.0
19 PF11 22068 2156.55 1256 00408 0.013 10.0 0.0 0.0
20 PF12 21579 215.78 1.0 0.0100 0.013 10.0 0.0 0.0
21 PF1A 188.52 187.47 26.0 00404 0.013 8.0 0.0 0.0
22 PF3 199.47 199.40 15.0 0.0047 0.013 8.0 0.0 0.0
23 PF4 198.38 198.33 10.0 0.0050 0.013 8.0 0.0 0.0
24 PF5 198.41 198.29 13.0 0.0092 0.013 8.0 0.0 0.0
25 PF6 210.21 210.15 12.0 0.0050 0.013 8.0 0.0 0.0
26 PF7 210.21 210.15 10.0 0.0060 0.013 8.0 0.0 0.0
27 PF8 212.21 212.15 12.0 0.0050 0.013 8.0 0.0 0.0
28 PF9 212.21 212.15 10.0 0.0060 0.013 8.0 0.0 0.0
29 E 187.47 187.47 30.0 00000 0.013 240 0.0 0.0
30 E 187.98 186.06 43.0 0.0447 0.013 240 0.0 0.0

31 E-12 222.68 222.53 6.5 0.0231 0.013 12.0 0.0 0.0
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STORM LINE D, E, & F (REACH INFO)

Parklands Final 8-26-2016-10-yr-add Offsite-Reach Type IA 24-hr 10-yr Rainfalf=3.80"
Prepared by Hewlett-Packard Company Printed 10/17/2016
HydroCAD® 10.00-15 s/n 08107 © 2015 HydroCAD Software Solutions LLC Page 3

Time span=0.00-48.00 hrs, dt=0.03 hrs, 1601 points
Runoff by SBUH method, Split Pervious/Imperv.
Reach routing by Dyn-Stor-Ind method - Pond routing by Dyn-Stor-ind method

Reach D-1: To intersection(McMaster  Avg. Flow Depth=0.39' Max Vel=4.55 fps Inflow=1.31cfs 0.441 af
12.0" Round Pipe n=0.013 L=135.8' S=0.0126'/ Capacity=4.00 cfs OQutflow=1.31cfs 0.441 af

Reach D-2: Business 3 - PF12 to MH D1 Avg. Flow Depth=0.24' Max Vel=10.08 fps Inflow=1.31 cfs 0.441 af
10.0" Round Pipe n=0.013 L=138.0' S=0.1098'" Capacity=7.26 cfs Outflow=1.31cfs 0.441 af

Reach E-1: E2 to E1 (129 LF) Avg. Flow Depth=1.07' Max Vel=8.36 fps Inflow=11.32 cfs 4.802 af
18.0" Round Pipe n=0.013 L=129.1' S=0.0156 '/ Capacity=13.14 cfs Outflow=11.33 cfs 4.892 af

Reach E-10: Rear Yard (AD#4 to AD#1) Avg. Flow Depth=0.55' Max Vel=5.66 fps Inflow=2.94 cfs 1.741 af
15.0" Round Pipe n=0.013 L=115.3' S$=0.0130"" Capacity=7.37 cfs Outflow=2.94 cfs 1.741 af

Reach E-11: Rear Yard (Extg MH to Avg. Flow Depth=0.34' Max Vel=12.72 fps Inflow=2.94 cfs 1.741 af
12.0" Round Pipe n=0.013 L=14.0' S=0.1157 """ Capacity=12.12 cfs Outflow=2.94 cfs 1.741 af

Reach E-13; Rear Yard (AD#2 to AD#1) Avg. Flow Depth=0.16" Max Vel=1.58 fps Inflow=0.13 cfs 0.044 af
12.0" Round Pipe n=0.013 L=124.0' S=0.0040'" Capacity=2.26 cfs Outflow=0.13 cfs 0.044 af

Reach E-14: Rear Yard (AD#3 to AD#2) 84.8 LF Avg. Flow Depth=0.00" Max Vel=0.00 fps
12.0" Round Pipe n=0.013 1=94.8' S=0.1055'7 Capacity=11.57 cfs OQutflow=0.00 cfs 0.000 af

Reach E-2: E3 to E2 (245 LF) Avg. Flow Depth=0.84' Max Vel=11.15 fps Inflow=11.32 cfs 4.892 af
18.0" Round Pipe n=0.013 L=244.9' $=0.0322'/" Capacity=18.85cfs Outflow=1 1.32 cfs 4.892 af

Reach E-3; MH E3 to MH E4 (213.4 LF) Avg. Flow Depth=0.69' Max Vel=10.17 fps Inflow=8.11 cfs 3.742 af
18.0" Round Pipe n=0.013 L=213.4' S$=0.0314'/ Capacity=18.63 cfs Outflow=8.11 cfs 3.742 af

Reach E-4: MH E5A to MH E4 (173.9) Avg. Flow Depth=0.53' Max Vel=9.92 fps Inflow=5.60 cfs 2.864 af
18.0" Round Pipe n=0.013 L=173.9' S=0.0386'"" Capacity=20.63 cfs Outflow=5.59 cfs 2.864 af

Reach E-5A: E5B to E5A (55.9 LF) Rim Avg. Flow Depth=0.45" Max Vel=12.09 fps Inflow=5.47 cfs 2.820 af
18.0" Round Pipe n=0.013 L=55.9° S=0.0680'/ Capacity=27.39 cfs Outflow=5.47 cfs 2.820 af

Reach E-5B: E6 to E5B (109 LF) Avg. Flow Depth=0.75'" Max Vel=6.01 fps Inflow=5.35 cfs 2.775 af
18.0" Round Pipe n=0.013 L=93.4' S$=0.0102'" Capacity=10.59 cfs Outflow=5.35 cfs 2.775 af

Reach E-6: E7 to E6 (191 LF) Avg. Flow Depth=0.76' Max Vel=5.44 fps Inflow=4.27 cfs 2.370 af
15.0" Round Pipe n=0.013 L=198.3' $=0.0092' Capacity=6.19 cfs Outflow=4.27 cfs 2.370 af

Reach E-7: E8 to E7 (81 LF) Rim 217.16 Avg. Flow Depth=0.70' Max Vel=4.85 fps Inflow=3.45 cfs 2.038 af
15.0" Round Pipe n=0.013 L=84.3' S=0.0077 '/ Capacity=5.67 cfs Outflow=3.45 cfs 2.038 af

Reach E-8: E9to E8 - 74 LF Avg. Flow Depth=0.60' Max Vel=5.92 fps Inflow=3.45 cfs 2.038 af
15.0" Round Pipe n=0.013 L=76.5' S$=0.0131'" Capacity=7.39 cfs Outflow=3.45 cfs 2.038 af

Reach E-9: Rear Yard (AD#1 to MH EQ) Avg. Flow Depth=0.59" Max Vel=5.84 fps Inflow=3.31 cfs 1.949 af
15.0" Round Pipe n=0.013 L=115.3' S=0.0130" Capacity=7.37 cfs Outflow=3.31 cfs 1.949 af
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STORM LINE D, E, & F (REACH INFO)

HydroCAD® 10.00-15 s/n 08107 © 2015 HydroCAD Software Solutions LLC
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Reach F1: Business 4A and 4B MH F1
12.0" Round Pipe n=0.013 L=180.7" S$=0.0562'" Capacity=8.45 cfs Outflow=2.48 cfs

Avg. Flow Depth=0.37' Max Vel=9.34 fps Inflow=2.48 cfs

Reach PF10; Business 4 - Perk Filter 10 Avg. Flow Depth=0.22' Max Vel=7.27 fps Inflow=0.84 cfs
10.0" Round Pipe n=0.013 L=85.6' S=0.0625'1" Capacity=5.48 cfs Outflow=0.84 cfs

Reach PF11: Business 4 - Perk Filter 11 Avg. Flow Depth=0.23' Max Vel=6.06 fps Inflow=0.76 cfs
10.0" Round Pipe n=0.013 L=125.6' S$=0.0408 '/ Capacity=4.43 cfs Outflow=0.76 cfs

Reach PF12: Business 3 - Perk Filter 12 Avg. Flow Depth=0.33' Max Vel=3.62 fps Inflow=0.73 cfs
10.0" Round Pipe n=0.013 L=1.0' S=0.0100"/ Capacity=2.19 cfs Outflow=0.73 cfs

Reach PF1A: Perk Filter 1A

Avg. Flow Depth=0.14' Max Vel=4.36 fps Inflow=0.23 cfs

8.0" Round Pipe n=0.013 L=26.0' S=0.0404'T Capacity=2.43 cfs Outflow=0.23 cfs

Reach PF3: Perk Filter
8.0" Round Pipe

Reach PF4: Perk Filter
8.0" Round Pipe

Reach PF5: Perk Filter
8.0" Round Pipe

Reach PF6: Perk Filter
8.0" Round Pipe

Reach PF7: Perk Filter
8.0" Round Pipe

Reach PF8: Perk Filter
8.0" Round Pipe

Reach PF9: Perk Filter
8.0" Round Pipe

n=0.013

n=0.013

n=0.013

n=0.013

n=0.013

n=0.013

n=0.013

Avg. Flow Depth=0.27' Max Vel=2.14 fps Inflow=0.28 cfs
L=150" S=0.0047'T Capacity=0.83 cfs Outflow=0.28 cfs

Avg. Flow Depth=0.31' Max Vel=2.37 fps Inflow=0.38 cfs
L=10.0' S=0.0050 '/ Capacity=0.85cfs Outflow=0.38 cfs

Avg. Flow Depth=0.50' Max Vel=3.77 fps Inflow=1.05 cfs
L=13.0' S=0.0092'/" Capacity=1.16 cfs Outflow=1.05 cfs

Avg. Flow Depth=0.27" Max Vel=2.24 fps Inflow=0.30 cfs
1L=12.0' S$=0.0050'/" Capacity=0.85 cfs Outflow=0.30 cfs

Avg. Flow Depth=0.26' Max Vel=2.39 fps Inflow=0.30 cfs
L=10.0' S=0.0060'" Capacity=0.94 cfs Outflow=0.30 cfs

Avg. Flow Depth=0.28' Max Vel=2.27 fps Inflow=0.32 cfs
L=12.0' S=0.0050'/" Capacity=0.85 cfs Outflow=0.32 cfs

Avg. Flow Depth=0.27" Max Vel=2.43 fps Inflow=0.32 cfs
1=10.0' S=0.0060' Capacity=0.94 cfs Outflow=0.32 cfs

0.834 af
0.834 af

0.281 af
0.281 af

0.253 af
0.253 af

0.247 af
0.247 af

0.079 af
0.079 af

0.094 af
0.094 af

0.129 af
0.129 af

0.398 af
0.398 af

0.114 af
0.114 af

0.114 af
0.114 af

0.122 af
0.122 af

0.122 af
0.122 af
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STORM LINE G (REACH INFO)
Parklands Final 8-26-2016-10-yr-add Offsite-Reach
Prepared by Hewlett-Packard Company Printed 10/17/2016
HydroCAD® 10.00-15 s/n 08107 © 2015 HydroCAD Software Solutions LLC Page 2

Pipe Listing (selected nodes)

Line# Node In-invert Out-Invert Length  Slope n Diam/Width  Height Inside-Fill
Number (feet) (feet) (feet) (ft/ft) (inches) (inches) (inches)

1 GA1 186.34 186.07 63.8 0.0042 0.013 12.0 0.0 0.0

2 PF-1B 186.50 186.34 19.0 0.0084 0.013 6.0 0.0 0.0

3 PF-2 186.41 186.34 18.0 0.0039 0.013 6.0 0.0 0.0

4 G 186.06 186.06 15.0 0.0000 0.013 24.0 0.0 0.0
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STORM LINE G (REACH INFO)

Parklands Final 8-26-2016-10-yr-add Offsite-Reach Type IA 24-hr 10-yr Rainfall=3.80"
Prepared by Hewlett-Packard Company Printed 10/17/2016
HydroCAD® 10.00-15 s/n 08107 _© 2015 HydroCAD Software Solutions LLC Page 3

Time span=0.00-48.00 hrs, dt=0.03 hrs, 1601 points
Runoff by SBUH method, Split Pervious/Imperv.
Reach routing by Dyn-Stor-Ind method - Pond routing by Dyn-Stor-Ind method

Subcatchment G1: Street and SW Runoff Area=19,098 sf 83.10% Impervious Runoff Depth=3.28"
Te=5.0 min CN=80.0/98.0 Runoff=0.36 cfs 0.120 af

Subcatchment G2: Street and SW Runoff Area=13,561 sf 90.52% Impervious Runoff Depth=3.41"
Tc=5.0 min CN=80.0/98.0 Runoff=0.26 cfs 0.088 af

Subcatchment GN: Partial lot area Runoff Area=24,500 sf 26.53% Impervious Runoff Depth=2.50"
Tc=10.0 min CN=83.0/98.0 Runoff=0.33 cfs 0.117 af

Subcatchment GS: Partial lot 42-41-40-39 Runoff Area=18,500 sf 27.03% Impervious Runoff Depth=2.51"
Tc=10.0 min CN=83.0/98.0 Runoff=0.25 cfs 0.089 af

Reach G-1: MH G2 to MH G1 (63.8) Avg. Flow Depth=0.43' Max Vel=2.76 fps Inflow=0.89 cfs 0.414 af
12.0" Round Pipe n=0.013 L=63.8' S=0.0042'' Capacity=2.32cfs Outflow=0.89 cfs 0.414 af

Reach PF-1B: Perk Filter 1B Avg. Flow Depth=0.50' Max Vel=2.99 fps Inflow=0.68 cfs 0.237 af
6.0" Round Pipe n=0.013 L=19.0' S=0.0084'/ Capacity=0.51cfs Outflow=0.54 cfs 0.237 af

Reach PF-2: Perk Filter 2 Avg. Flow Depth=0.50" Max Vel=2.03 fps Inflow=0.51 cfs 0.177 af
6.0" Round Pipe n=0.013 L=18.0' $=0.0039'/" Capacity=0.35 cfs Outflow=0.38 cfs 0.177 af

Pond G: Extg culvert (N) Peak Elev=188.31' Storage=42 cf Inflow=7.58 cfs 2.642 af
24.0" Round Culvert n=0.013 L=15.0' $=0.0000 /' Outflow=7.58 cfs 2.641 af
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STORM LINE A - 10-YR HGL
Parklands Final 8-26-2016-10-yr-add Offsite-HGL

Prepared by Hewlett-Packard Company Printed 10/17/2016
HydroCAD® 10.00-15 s/n 08107 © 2015 HydroCAD Software Solutions LLC Page 2

Pipe Listing (selected nodes)

Line# Node In-Invert  Out-Invert Length  Slope n Diam/Width Height Inside-Fill
Number (feet) (feet) (feet) (firft) (inches) (inches) {(inches)

1 A1 199.27 188.00 183.6 0.0614 0.013 15.0 0.0 0.0
2 A1 199.27 188.50 1706 0.0631 0.013 15.0 0.0 0.0
3 A2 200.60 199.47 1436 0.0079 0.013 100 0.0 0.0
4 A3 201.36 200.80 1126 0.0050 0.013 10.0 0.0 0.0
5 A1A 191.50 191.50 2.0 0.0000 0.013 240 0.0 0.0
6 B-1 21465 211.10 188.8 0.0188 0.013 18.0 0.0 0.0
7 B2 215.49 214.85 67.0 0.0096 0.013 12.0 0.0 0.0
8 B4 215.67 214.85 61.5 0.0133 0.013 18.0 0.0 0.0
9 P-1 222.38 214.85 2220 0.0339 0.013 12.0 0.0 0.0
10 P-2 229.02 222.58 116.7 0.0552 0.013 12.0 0.0 0.0
11 PF-P 229.07 229.02 9.0 0.0056 0.013 10.0 0.0 0.0
12 PF14 212.80 212.72 10.0 0.0080 0.013 8.0 0.0 0.0
13 PF15 201.36 201.31 1.0 0.0500 0.013 10.0 0.0 0.0
14 PF16 195.73 188.95 95 07137 0.013 8.0 0.0 0.0
15 PF18 216.64 215.69 28.0 0.0339 0.013 10.0 0.0 0.0
16 PF19 216.64 21569 28.0 0.0339 0.013 10.0 0.0 0.0
17 SW2 191.00 191.00 2.0 0.0000 0.013 24.0 0.0 0.0



Exhibit 16 SP26-1005

STORM LINE A - 10-YR HGL

Parklands Final 8-26-2016-10-yr-add Offsite-HGL Type IA 24-hr 10-yr Rainfall=3.80"
Prepared by Hewlett-Packard Company Printed 10/17/2016
HydroCAD® 10.00-15_s/n 08107 _© 2015 HydroCAD Software Solutions LLC Page 3

Time span=0.00-48.00 hrs, dt=0.03 hrs, 1601 points
Runoff by SBUH method, Split Pervious/imperv.
Reach routing by Dyn-Stor-ind method - Pond routing by Dyn-Stor-ind method

Subcatchment 10AT: Street Impervious  Runoff Area=15,797 sf 100.00% Impervious Runoff Depth=3.57"
Tc=5.0 min CN=0.0/98.0 Runoff=0.32 cfs 0.108 af

Subcatchment 10BT: Street Pervious Area  Runoff Area=9,720 sf 0.00% Impervious Runoff Depth=2.37"
Tc=5.0 min CN=86.0/0.0 Runoff=0.13 cfs 0.044 af

Subcatchment B1AB: Parking Pervious Area Runoff Area=5,160 sf 0.00% Impervious Runoff Depth=1.95"
Tc=10.0 min CN=81.0/0.0 Runoff=0.05 cfs 0.019 af

Subcatchment B1AT: Parking Impervious Runoff Area=33,428 sf 100.00% Impervious Runoff Depth=3.57"
Tc=5.0 min CN=0.0/98.0 Runoff=0.68 cfs 0.228 af

Subcatchment BPR1: Business Roofs Runoff Area=3,000 sf 100.00% Impervious Runoff Depth=3.57"
Tc=5.0 min CN=0.0/98.0 Runoff=0.06 cfs 0.020 af

Subcatchment BPR2: Business Roofs Runoff Area=19,857 sf 100.00% Impervious Runoff Depth=3.57"
Tc=5.0 min CN=0.0/98.0 Runoff=0.41 cfs 0.135 af

Subcatchment CWN: Street Runoff Area=22,251 sf 82.63% Impervious Runoff Depth=3.29"
Tc=11.0 min CN=81.0/98.0 Runoff=0.39 cfs 0.140 af

Subcatchment CWS: Street, sidewalk, Runoff Area=30,128 sf 73.27% Impervious Runoff Depth=3.14"
Tc=11.0 min CN=81.0/98.0 Runoff=0.50 cfs 0.181 af

Subcatchment LPW: Lower parking Runoff Area=21,245 sf 93.58% Impervious Runoff Depth=3.47"
Tc=5.0 min CN=83.0/98.0 Runoff=0.42 cfs 0.141 af

Subcatchment OVSR: Offsite Residential - Runoff Area=244,726 sf 0.00% Impervious Runoff Depth=2.11"
Tc=25.0 min CN=83.0/0.0 Runoff=2.14 cfs 0.990 af

Subcatchment OVSRW: Offsite (ROW Runoff Area=62,071 sf 79.42% Impervious Runoff Depth=3.22"
Tc=10.0 min CN=80.0/98.0 Runoff=1.08 cfs 0.382 af

Subcatchment OVWL: Offsite pervious - Runoff Area=97,317 sf 100.00% Impervious Runoff Depth=3.57"
Tc=15.0 min CN=0.0/98.0 Runoff=1.77 cfs 0.664 af

Subcatchment OVWPL: Offsite - Runoff Area=115,995 sf 92.63% Impervious Runoff Depth=3.44"
Tc=5.0 min CN=80.0/98.0 Runoff=2.28 cfs 0.764 af

Subeatchment OVWR: Offsite Impervious Runoff Area=67,651 sf 100.00% Impervious Runoff Depth=3.57"
Te=15.0 min CN=0.0/98.0 Runoff=1.23 cfs 0.461 af

Subcatchment P: Payne Road - future Runoff Area=14,218 sf 69.05% Impervious Runoff Depth=3.19"
Tc=0.0 min CN=86.0/98.0 Runoff=0.27 cfs 0.087 af

Subcatchment RP1: Lot 1 and 5 (roofs)  Runoff Area=13,000 sf 100.00% Impervious Runoff Depth=3.57"
Tc=5.0 min CN=0.0/98.0 Runoff=0.27 cfs 0.089 af
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Subcatchment WAB: Wetland A Buffer Runoff Area=2.000 ac 0.00% Impervious Runoff Depth=1.95"
Tc=10.0 min CN=81.0/0.0 Runoff=0.87 cfs 0.326 af

Pond A-1: MH A2 TO MH A1A & MH A1B Peak Elev=200.83"' Inflow=11.43 cfs 4.312 af
Primary=5.71 cfs 2.156 af Secondary=5.71 cfs 2.156 af Outflow=11.43 cfs 4.312 af

Pond A-2: MH A3 TO MH A2 Peak Elev=201.26" Inflow=0.72 cfs 0.240 af
10.0" Round Culvert n=0.013 L=143.6' S=0.0079 "' Outflow=0.72 cfs 0.240 af

Pond A-3: PF-15 Pittock PI. Peak Elev=201.91"' Inflow=0.72 cfs 0.240 af
10.0" Round Culvert n=0.013 L=112.6"' S=0.0050"'"" Outflow=0.72 cfs 0.240 af

Pond A1A: Stilling Well 1 Peak Elev=192.87' Storage=614 cf Inflow=6.13 cfs 2.297 af
24.0" Round Culvert n=0.013 L=2.0' S=0.0000 /" Outflow=6.12 cfs 2.289 af

Pond B-1: MH B1 - CMD and Village (MH B1 TO MH A2) Peak Elev=216.66" Inflow=9.54 cfs 3.668 af
18.0" Round Culvert n=0.013 L=188.8' S=0.0188 '/ Outflow=9.54 cfs 3.668 af

Pond B-2: MH B2 to MH B1 Peak Elev=216.72' Inflow=0.89 ¢fs 0.321 af
12.0" Round Culvert n=0.013 L=67.0' S=0.0096 '/ Outflow=0.89 cfs 0.321 af

Pond B-4: MH B4 to MH B1 Peak Elev=216.94' Inflow=3.19 cfs 1.372 af
18.0" Round Culvert n=0.013 L=61.5' S=0.0133'/ Outflow=3.19 cfs 1.372 af

Pond P-1: MH B3 to MH B1 Peak Elev=222.63" Inflow=0.27 cfs 0.087 af
12.0" Round Culvert n=0.013 L=222.0' S=0.0339'" Outflow=0.27 cfs 0.087 af

Pond P-2: MH P1 TO MH B3 Peak Elev=229.27" Inflow=0.27 cfs 0.087 af
12.0" Round Culvert n=0.013 L.=116.7" 5=0.0552 '/ OQutflow=0.27 cfs 0.087 af

Pond PF-P: Perk Filter Payne Peak Elev=229.40' Inflow=0.27 cfs 0.087 af
10.0" Round Culvert n=0.013 L=9.0' S=0.0056 /' Outflow=0.27 cfs 0.087 af

Pond PF14: Perk Filter 14 to MH A2 Peak Elev=213.42' Inflow=0.73 cfs 0.247 af
8.0" Round Culvert n=0.013 L=10.0' $=0.0080 '/ Outflow=0.73 cfs 0.247 af

Pond PF15: PF-15 Pittock PL. Peak Elev=201.96" Inflow=0.45 cfs 0.152 af
10.0" Round Culvert n=0.013 L=1.0' $=0.0500'" OQutflow=0.45 cfs 0.152 af

Pond PF16: Perk Filter #16 Peak Elev=196.11" Inflow=042 cfs 0.141 af
8.0" Round Culvert n=0.013 L=9.5' 8=0.7137 "' Outflow=0.42 cfs 0.141 af

Pond PF18: Perk Filter 18 Peak Elev=217.05" Inflow=0.50 cfs 0.181 af
10.0" Round Culvert n=0.013 L=28.0' $=0.0339"" OQutflow=0.50 cfs 0.181 af

Pond PF19: Perk Filter 19 Peak Elev=217.01" Inflow=0.39 cfs 0.140 af
10.0" Round Culvert n=0.013 L=28.0' S=0.0339 ' Outflow=0.39 cfs 0.140 af

Pond PP: 24 INCH PERF PIPE Peak Elev=192.53' Storage=0.004 af Inflow=28.77 cfe 11.380 af
Qutflow=28.76 cfs 11.360 af
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Pond SW2: A1B Peak Elev=192.70' Storage=218 cf Inflow=5.71 cfs 2.156 af

24.0" Round Culvert n=0.013 L=2.0' $=0.0000'" Outflow=5.71cfs 2.152 af
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Pipe Listing (selected nodes)

Line# Node In-Invert  Out-Invert Length  Slope n Diam/Width Height Inside-Fill
Number (feet) (feet) (feet) (f/ft) (inches) (inches) (inches)

1 C41 200.80 189.00 1585 0.0744 0.013 18.0 0.0 0.0
2 C-10 238.75 237.68 163.4 0.0065 0.013 18.0 0.0 0.0
3 C-2 219.88 201.00 1340 0.1408 0.013 18.0 0.0 0.0
4 C-3 220.21 220.08 556 0.0023 0.013 30.0 0.0 0.0
5 CH4 220.90 22041 96.4 0.0051 0.013 30.0 0.0 0.0
6 C-5 221.74 221.10 118.1 0.0054 0.013 30.0 0.0 0.0
7 C6 224.52 221.94 1498 0.0172 0.013 30.0 0.0 0.0
8 C-7 228.59 224.72 166.3 0.0233 0.013 240 0.0 0.0
9 C-38 237.25 228.79 200.0 00423 0.013 24.0 0.0 0.0
10 C-9 237.68 237.25 121.7 0.0035 0.013 18.0 0.0 0.0
11 C1 192.00 192.00 2.0 0.0000 0.013 24.0 0.0 0.0
12 PF20 225.19 224.01 218 00541 0.013 10.0 0.0 0.0
13 PF21 226.02 223.99 21.8 0.0931 0.013 10.0 0.0 0.0
14 PF13 211.87 206.00 635 0.0924 0013 8.0 0.0 0.0
15 PF17 199.05 190.22 16.4 0.5384 0.013 8.0 0.0 0.0
16 WPLS 239.08 238.92 1126 0.0014 0.013 12.0 0.0 0.0
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Time span=0.00-48.00 hrs, dt=0.03 hrs, 1601 points
Runoff by SBUH method, Split Pervious/Imperv.
Reach routing by Dyn-Stor-Ind method - Pond routing by Dyn-Stor-Ind method

Pond C-1: E of Bldg 2 (MH C2 TO MH C1) Peak Elev=205.33' Inflow=16.54 cfs 6.783 af
18.0" Round Culvert n=0.013 L=1585" S=0.0744 '/ Outflow=16.54 cfs 6.783 af

Pond C-10: NEW 18 - replace 12" perf Peak Elev=239.68" Inflow=2.46 cfs 1.701 af
18.0" Round Culvert n=0.013 L=163.4' S=0.0065"/ Outflow=2.46 cfs 1.701 af

Pond C-2: MH 3 to MH 2 Peak Flev=224.20" Inflow=16.08 cfs 6.624 af
18.0" Round Culvert n=0.013 L=134.0' $=0.1409'/" Outflow=16.08 cfs 6.624 af

Pond C-3: at Inersection (MH C4 TO MH C3) Peak Elev=224.66' Inflow=16.08 cfs 6.624 af
30.0" Round Culvert n=0.013 L=556" $=0.0023"/" Outflow=16.08 cfs 6.624 af

Pond C-4: MH 5to MH 4 Peak Elev=224.99' Inflow=14.11 cfs 5.804 af
30.0" Round Culvert n=0.013 L=96.4' S=0.0051"" OQutflow=14.11 cfs 5.804 af

Pond C-5: MHG6to MH 5 Peak Flev=225.31" Inflow=14.11 cfs 5.804 af
30.0" Round Culvert n=0.013 L=118.1" $=0.0054'"" Outflow=14.11 cfs 5.804 af

Pond C-6: MH 7 to MH 6 Peak Elev=226.28' Inflow=13.20 cfs 5.477 af
30.0" Round Culvert n=0.013 L=149.8' S=0.0172"/ Outflow=13.20 cfs 5.477 af

Pond C-7: MH 8to MH 7 Peak Elev=230.35' Inflow=13.20 ¢fs 5.477 af
24.0" Round Culvert n=0.013 L=166.3' $=0.0233 "/ Outflow=13.20 cfs 5.477 af

Pond C-8: Offsite to Camas Meadows Dr (Start to MH 7) Peak Elev=239.01" Inflow=13.20 cfs 5.477 af
24.0" Round Culvert n=0.013 L=200.0' S=0.0423 "/ Outflow=13.20 cfs 5.477 af

Pond C-9: Larkspur outfall Peak Elev=239.13' Inflow=2.46 cfs 1.701 af
18.0" Round Culvert n=0.013 L=121.7" $=0.0035"/ Outflow=2.46 cfs 1.701 af

Pond C1: Stilling Well 3 Peak Elev=193.64' Storage=0.006 af Inflow=16.95 cfs 6.924 af
24.0" Round Culvert x2.00 n=0.013 L=2.0' $=0.0000'" Outflow=16.95 cfs 6.920 af

Pond PF 20: Perk Filter 20 Peak Elev=22556" Inflow=0.43 cfs 0.155 af
10.0" Round Culvert n=0.013 L=21.8' S=0.0541"7 Outflow=0.43 cfs 0.155 af

Pond PF 21: Perk Filter 21 Peak Elev=226.39" Inflow=0.48 cfs 0.172 af
10.0" Round Culvert n=0.013 L=21.8' $=0.0931 "/ Outllow=0.48 cfs 0.172 af

Pond PF13: Perk Filter #13 Peak Elev=212.27" Inflow=0.47 cfs 0.160 af
8.0" Round Culvert n=0.013 L=63.5' $=0.0924 7 Outflow=0.47 cfs 0.160 af

Pond PF17: Perk Filter #17 Peak Elev=199.43" Inflow=0.42 cfs 0.141 af
8.0" Round Culvert n=0.013 L=16.4' S=0.5384 """ Outflow=0.42 cfs 0.141 af

Pond PP: 24 INCH PERF PIPE Peak Elev=192.53' Storage=0.004 af Inflow=28.77 cfs 11.360 af
Outflow=28.76 cfs 11.360 af
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Pond WPLS: Wet Pond Peak Elev=24069" Storage=30,840 cf Inflow=4.26 cfs 1.607 af

Primary=2.46 cfs 1.701 af Secondary=0.00 cfs 0.000 af Qutflow=2.46 cfs 1.701 af
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Pipe Listing (selected nodes)
Line# Node In-Invert Out-Invert Length Slope n Diam/Width Height Inside-Fill
Number (feet) (feet) (feet) (ft/ft) (inches) (inches) {inches)
1 E 187.47 187.47 30.0 0.0000 0.013 240 0.0 0.0
2 E 187.98 186.06 43.0 0.0447 0.013 240 0.0 0.0
3 EA 190.00 187.98 1291 0.0156 0.013 18.0 0.0 0.0
4 E-10 216.00 215.85 25.0 0.0060 0.013 15.0 0.0 0.0
5 E-1 218.62 217.00 14.0 01157 0.013 12.0 0.0 0.0
6 E-12 216.00 215.50 124.0 0.0040 0.013 12.0 0.0 0.0
7 E-13 226.00 216.00 94.8 0.1065 0.013 12.0 0.0 0.0
8 E-2 198.09 190.20 2449 00322 0.013 18.0 0.0 0.0
9 E-3 205.00 198.29 2134 00314 0.013 18.0 0.0 0.0
10 E-4 207.90 2056.20 173.9 0.0155 0.013 18.0 0.0 0.0
11  E-B5A 208.80 208.10 55.9 0.0125 0.013 18.0 0.0 0.0
12 E-5B 210.15 209.00 934 0.0123 0.013 18.0 0.0 0.0
13 E8 212.15 210.35 196.3 0.0092 0.013 16.0 0.0 0.0
14 E-7 213.00 212.35 843 0.0077 0.013 15.0 0.0 0.0
15 E-8 214.00 213.00 76.5 0.0131 0.013 15.0 0.0 0.0
16 E-9 215.50 214.00 1153 0.0130 0.013 15.0 0.0 0.0
17 PF1A 188.52 187.47 26.0 0.0404 0.013 8.0 0.0 0.0
18 PF3 199.47 199.40 150 0.0047 0.013 8.0 0.0 0.0
19 PF4 198.38 198.33 10.0 0.0050 0.013 8.0 0.0 0.0
20 PF5 198.41 188.29 13.0 0.0092 0.013 8.0 0.0 0.0
21 PF6 210.21 210.15 12.0 0.0050 0.013 8.0 0.0 0.0
22 PF7 210.21 210.15 10.0 0.0060 0.013 8.0 0.0 0.0
23 PF8 212.21 21215 12.0 00050 0.013 8.0 0.0 0.0
24 PF9 21221 21215 10.0 0.0060 0.013 8.0 0.0 0.0

25 WPLE 222 68 222 .53 6.5 0.0231 0.013 12.0 0.0 0.0
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Pond PF3: Perk Filter Peak Elev=200.66' Inflow=0.28 cfs 0.094 af

8.0" Round Culvert n=0.013 L=15.0' $=0.0047 '/ OQutflow=0.28 cfs 0.094 af

Pond PF4: Perk Filter Peak Elev=200.68" Inflow=0.38 cfs 0.129 af
8.0" Round Culvert n=0.013 L=10.0' $=0.0050 7 Outflow=0.38 cfs 0.129 af

Pond PF5: Perk Filter Peak Elev=201.02' Inflow=1.05 cfs 0.398 af
8.0" Round Culvert n=0.013 L=13.0' $=0.0092 '/ OQutflow=1.05 cfs 0.398 af

Pond PF6: Perk Filter Peak Elev=211.34" Inflow=0.30 cfs 0.114 af
8.0" Round Culvert n=0.013 L=12.0' S=0.0050 """ Outflow=0.30 cfs 0.114 af

Pond PF7: Perk Filter Peak Elev=211.34" Inflow=0.30 cfs 0.114 af
80" Round Culvert n=0.013 L=10.0" S=0.0060 '/ OQutilow=0.30cfs 0.114 af

Pond PF8: Perk Filter Peak Elev=213.33" Inflow=0.32 cfs 0.122 af
8.0" Round Culvert n=0.013 L=12.0' $=0.0050"/" Outflow=0.32 cfs 0.122 af

Pond PF9: Perk Filter Peak Elev=213.33' Inflow=0.32 cfs 0.122 af
8.0" Round Culvert n=0.013 L=10.0' S=0.0060"/" Outflow=0.32 cfs 0.122 af

Pond WPLE: Wet Pond Peak Elev=224.15' Storage=36,836 cf Inflow=4.63 cfs 1.743 af
12.0" Round Culvert n=0.013 L=6.5' $=0.0231'"" Outflow=2.94 cfs 1.741 af
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Time span=0.00-48.00 hrs, dt=0.03 hrs, 1601 points
Runoff by SBUH method, Split Pervious/Imperv.
Reach routing by Dyn-Stor-Ind method - Pond routing by Dyn-Stor-Ind method

Pond E: Extg culvert (S) Peak Elev=188.99' Storage=37 cf Inflow=11.62 cfs 4.971 af
Primary=6.74 cfs 3.816 af Secondary=4.89 cfs 1.155af Outflow=11.62 cfs 4.971 af

Pond E-1: E2 to E1 (129 LF) Peak Elev=192.54' Inflow=11.40 cfs 4.892 af
18.0" Round Culvert n=0.013 L=129.1' $=0.0156 /' Outflow=11.40 cfs 4.892 af

Pond E-10: Rear yard (24 LF) to AD1 Peak Elev=217.11" Inflow=3.24 cfs 1.905 af
15.0" Round Culvert n=0.013 L=25.0' S=0.0060 "7 Outflow=3.24 cfs 1.905 af

Pond E-11: New outlet from facility Peak Elev=219.86"' Inflow=3.24 cfs 1.905 af
12.0" Round Culvert n=0.013 L=14.0' $=0.1157 /" Outflow=3.24 cfs 1.905 af

Pond E-12: Rear yard (124 LF) to AD1 Peak Elev=216.46" Inflow=0.13 cfs 0.044 af
12.0" Round Culvert n=0.013 L=124.0' S=0.0040 "'/ Outflow=0.13 cfs 0.044 af

Pond E-13: Rear yard (93 LF) to AD2 Peak Elev=0.00'
12.0" Round Culvert n=0.013 L=94.8' S$=0.1055"/ Primary=0.00 cfs 0.000 af

Pond E-2: E3 to E2 (245 LF) Peak Elev=200.63" Inflow=11.40 cfs 4.892 af
18.0" Round Culvert n=0.013 L=244.9' $=0.0322 "' Outflow=11.40 cfs 4.892 af

Pond E-3: MH E3 to MH E4 (2134 LF) Peak Elev=206.67" Inflow=8.17 cfs 3.742 af
18.0" Round Culvert n=0.013 L=213.4' $=0.0314"/" Outflow=8.17 cfs 3.742 af

Pond E-4: MH E5A to MH E4 (173.9) Peak Elev=209.10' Inflow=5.64 cfs 2.864 af
18.0" Round Culvert n=0.013 L=173.9' S=0.0155"" Outflow=5.64 cfs 2.864 af

Pond E-5A: E5B to E5A (55.9 LF) Rim 213.36 Peak Elev=210.00' Inflow=5.52 cfs 2.820 af
18.0" Round Culvert n=0.013 L=55.9' $=0.0125'"" Outflow=5.52 cfs 2.820 af

Pond E-5B: E6 to E5B (93.4 LF) Peak Elev=211.31" Inflow=5.39 cfs 2.775 af
18.0" Round Culvert n=0.013 L=93.4' S=0.0123 /" Outflow=5.39 cfs 2.775 af

Pond E-6: E7 to E6 (196.3 LF) Peak Elev=213.29' Inflow=4.29 cfs 2.370 af
15.0" Round Culvert n=0.013 1=106.3' $=0.0002 /' Outflow=4.29 cfs 2.370 af

Pond E-7: E8 to E7 (84.3 LF) Rim 217.5 Peak Elev=214.09' Inflow=3.46 cfs 2.038 af
15.0" Round Culvert n=0.013 L=84.3' $=0.0077 '/ Outflow=3.46 cfs 2.038 af

Pond E-8: EQto E8-76.5 LF Peak Elev=215.01" Inflow=3.46 cfs 2.038 af
15.0" Round Culvert n=0.013 L=76.5' $=0.0131"" Outflow=3.46 cfs 2.038 af

Pond E-9: Rear Yard (AD#1 to MH E9) 1153 LF Peak Elev=216.45' Inflow=3.31 cfs 1.949 af
15.0" Round Culvert n=0.013 L=115.3' $=0.0130 "/ Outflow=3.31 cfs 1.949 af

Pond PF1A: Perk Filter 1A Peak Elev=189.04' Inflow=0.23 cfs 0.070 af
8.0" Round Culvert n=0.013 L=26.0' S=0.0404 '/ Outflow=0.23 cfs 0.079 af
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STORMLINED & F
Parklands Final 8-26-2016-10-yr-add Offsite-HGL
Prepared by Hewlett-Packard Company Printed 10/17/2016
HydroCAD® 10.00-15 s/n 08107 © 2015 HydroCAD Software Solutions LLC Page 2
Pipe Listing (selected nodes)
Line# Node In-Invert  Out-invert Length  Slope n Diam/Width Height Inside-Fill
Number (feet) (feet) (feet) (f/ft) (inches) (inches) (inches)
1 D+ 200.00 198.29 135.8 0.0126 0.013 12.0 0.0 0.0
2 D-2 215.79 200.64 138.0 0.1098 0.013 10.0 0.0 0.0
3 E-2 198.09 190.20 2449 0.0322 0013 18.0 0.0 0.0
4 E3 205.00 198.29 2134 0.0314 0.013 18.0 0.0 0.0
5 F1 215.45 205.29 180.7 0.0562 0.013 12.0 0.0 0.0
6 PF10 220.90 215.55 856 0.0625 0.013 10.0 0.0 0.0
7 PF11 220.68 215.55 1266 0.0408 0.013 10.0 0.0 0.0
8 PF12 21579 215.78 1.0 0.0100 0.013 10.0 0.0 0.0
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STORMLINED & F
Parklands Final 8-26-2016-10-yr-add Offsite-HGL Type IA 24-hr 10-yr Rainfall=3.80"
Prepared by Hewlett-Packard Company Printed 10/17/2016
HydroCAD® 10.00-15 s/n 08107 © 2015 HydroCAD Software Solutions LLC Page 3

Time span=0.00-48.00 hrs, dt=0.03 hrs, 1601 points
Runoff by SBUH method, Split Pervious/Imperv.
Reach routing by Dyn-Stor-Ind method - Pond routing by Dyn-Stor-Ind method

Pond D-1: To intersection(McMaster and Longbow) Peak Elev=200.96' Inflow=1.31cfs 0.441 af
12.0" Round Culvert n=0.013 L=135.8"' $=0.0126 /" Outflow=1.31cfs 0.441 af

Pond D-2: Business 3 - PF12 to MH D1 Peak Elev=216.46" Inflow=1.31 cfs 0.441 af
10.0" Round Culvert n=0.013 L=138.0' $=0.1098 /' Outflow=1.31 cfs 0.441 af

Pond E-2: E3 to E2 (245 LF) Peak Elev=200.63' Inflow=11.40 cfs 4.892 af
18.0" Round Culvert n=0.013 L=244.9' S=0.0322"/' Outflow=11.40 cfs 4.892 af

Pond E-3: MH E3 to MH E4 (213.4 LF) Peak Elev=206.67' Inflow=8.17 cfs 3.742 af
18.0" Round Culvert n=0.013 L=213.4' $=0.0314'/" Outflow=8.17 cfs 3.742 af

Pond F1: Business 4A and 4B MH F1 TO MH E4) Peak Elev=216.37' Inflow=2.48 cfs 0.834 af
12.0" Round Culvert n=0.013 L=180.7" $=0.0562 '/ Outflow=2.48 cfs 0.834 af

Pond PF10: Business 4 - Perk Filter 10 Peak Elev=221.41" Inflow=0.84 cfs 0.281 af
10.0" Round Culvert n=0.013 L=856' $S=0.0625"" Outflow=0.84 cfs 0.281 af

Pond PF11: Business 4 - Perk Filter 11 Peak Elev=221.16" Inflow=0.76 cfs 0.253 af
10.0" Round Culvert n=0.013 L=1256" $=0.0408 '/ Qutflow=0.76 cfs 0.253 af

Pond PF12: Business 3 - Perk Filter 12 Peak Elev=216.54" Inflow=0.73 cfs 0.247 af
10.0" Round Culvert n=0.013 L=1.0' $=0.0100"/ Qutflow=0.73 cfs 0.247 af
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STORM LINE G
Parklands Final 8-26-2016-10-yr-add Offsite-HGL
Prepared by Hewlett-Packard Company Printed 10/17/2016
HydroCAD® 10.00-15 s/n 08107 © 2015 HydroCAD Software Solutions LLC Page 2
Pipe Listing (selected nodes)
Line# Node In-invert  Qut-Invert Length  Slope n Diam/Width Height Inside-Fill
Number (feet) (feet) (feet) (ft/ft) (inches) (inches) (inches)
1 E 187.47 187.47 30.0 0.0000 0.013 24.0 0.0 0.0
2 E 187.98 186.06 43.0 0.0447 0.013 240 0.0 0.0
3 G 186.06 186.06 16.0 0.0000 0.013 24.0 0.0 0.0
4 G- 186.34 186.07 63.8 0.0042 0.011 12.0 0.0 0.0
5 PF1B 186.50 186.34 19.0 0.0084 0.013 6.0 0.0 0.0
6 PF2 186.41 186.34 18.0 0.0039 0.013 6.0 0.0 0.0
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STORM LINE G
Parklands Final 8-26-2016-10-yr-add Offsite-HGL Type IA 24-hr 10-yr Rainfall=3.80"
Prepared by Hewlett-Packard Company Printed 10/17/2016
HydroCAD® 10.00-15 s/n 08107 © 2015 HydroCAD Software Solutions LLC Page 3

Time span=0.00-48.00 hrs, dt=0.03 hrs, 1601 points
Runoff by SBUH method, Split Pervious/Imperv.
Reach routing by Dyn-Stor-ind method - Pond routing by Dyn-Stor-Ind method

Pond E: Extg culvert (S) Peak Elev=188.99' Storage=37 cf Inflow=11.62 cfs 4.971 af
Primary=6.74 cfs 3.816 af Secondary=4.89 cfs 1.155 af Outflow=11.62 cfs 4.971 af

Pond G: Extg culvert (N) Peak Elev=188.32' Storage=42 c¢f Inflow=7.84 cfs 2.641 af
240" Round Culvert n=0.013 L=15.0' S$=0.0000'"" Outflow=7.84 cfs 2.640 af

Pond G-1: G2 to G1 (69 LF) Peak Elev=188.40" Inflow=1.18 cfs 0.414 af
12.0" Round Culvert n=0.011 L=63.8' $=0.0042 7 Outflow=1.18 cfs 0.414 af

Pond PF1B: Perk Filter Peak Flev=188.93' Inflow=0.68 cfs 0.237 af
6.0" Round Culvert n=0.013 L=19.0' S=0.0084 '/ Outflow=0.68 cfs 0.237 af

Pond PF2: Perk Filter Peak Elev=188.68" Inflow=0.51 cfs 0.177 af
6.0" Round Culvert n=0.013 L=18.0' S=0.0039 '/ Outflow=0.51 cfs 0.177 af
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APPENDIX D CONVEYANCE SYSTEM
APPENDIX D-2 CONVEYANCE DESIGN COMMENTS

7.1 Design and Construction Standards

Minimum Pipe Diameter (7.2)

e Public mainline storm sewers shall be a minimum of twelve (12) inches inside
diameter. Downstream pipe diameters shall not be reduced except when approved by
the City.

» Condition met on public and private streets. The exception is Longbow Ln
where grade restrictions necessitate a smaller pipe size.

e Public storm sewer laterals shall be ten (10) inches inside diameter. Larger pipe
diameter may be used with large capacity catch basins and when approved by the
City.

» There are several 6 and 8 inch laterals from the Perk Filter systems. The inflow
is small due to the closer spacing along the main pipe runs and there are
elevation constraints. In particular along Longbow Ln.

7.5 Hydraulic Methods

“Two hydraulic methods can be used for the design of pipelines. The first method is a gravity
flow or open channel design, which is most commonly performed using Manning’s equation.
This method assumes that flow is steady (does not change with time) and uniform (the depth
and velocity remain constant throughout the pipe for a given flow). Manning’s equation can
befound in standard hydraulic textbooks and in the WSDOT Hydraulics Manual (WSDOT
2007).”

> Gravity flow or open channel design, using Manning’s equation was applied in this
design.

> However, the existing culverts from Wetland B to C required a dynamic flow
analysis which is an option with HydroCAD. Pipe run input can be converted to the
pond symbol and the analysis accounts for downstream (or tailwater elevations).

“The second method is a pressure flow design, where the water surface elevation rises above
the crown of the pipe. A backwater analysis is performed to determine the level of the water
surface (the hydraulic grade line) for a pipeline system with a given diameter, slope, and flow
rate. This method also assumes steady flow, but the flow is not necessarily uniform (the slope
of the hydraulic grade line differs from the slope of the pipe).

New pipes shall be designed to operate in an open-channel regime during the design storm
and shall be sized using open channel design methods. Under certain hydrologic and

Page 1 of 2
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APPENDIX D CONVEYANCE SYSTEM
APPENDIX D-2 CONVEYANCE DESIGN COMMENTS

hydraulic conditions, however, flow can rise above the pipe, creating a pressurized pipeline.
For those situations, it is important to determine the hydraulic grade line to ensure that
water does not overtop manholes and catch basins. A backwater analysis shall be
calculated under any of the following conditions: ”

o Pipes with slopes less than 0.50 percent.

» A 10-yr analysis was performed to check open channel flow conditions. See
Appendix D-1.

» However, the 100-yr analysis required a pressure flow analysis to account for
losses due to high velocity conditions. Pipes were upsized accordingly.

o Pipes with velocities over 6.5 feet per second (fps) (for subcritical flow only).

» There are several pipes with velocities above this rate — flow control manholes
have been designed to account (suppress the energy) for downstream system
impacts.

« Inlet and outlet pipes forming a sharp angle (45 degrees or greater) at junctions.

» There are several laterals with this condition, but the main pipe system has
capacity to account for these minor losses.

o Pipe inverts less than three (3) feet deep when entering and leaving junctions.

> No situations where pipe invert depths are less than three (3) feet.

“When using Manning’s equation for the design, each pipe within the system shall be sized
and sloped such that its barrel capacity at normal full flow is equal to or greater than the
required conveyance capacity for the peak runoff of the design storm. A Manning’s “N” of
0.013 shall be used for all pipes in Table 7-1. Table 7-2 provides the allowable minimum pipe
slope and associated design capacity.”

» The design storm is for a 10-yr event. The capacity check was made for the 10-yr event
in Appendix D-1. The main system is sized to convey the 10-yr in open channel
conditions to the last pipe segments where flow energy reduction systems produce minor
backwater situations.

Page 2 of 2



Notes:

APPENDIX D CONVEYANCE SYSTEM
D-3 STORM SYSTEM PIPE CAPACITY
AND 100-YR HGL CHECK

Exhibit 16 SP26-1005

1. The storm systems are sized for open channel flow - 10-yr event. However, velocity head losses create a backwater condition which was
tabulated for the 10-yr event.
2. This tabulation for the 100-yr event indicates the storm systems are adequate in managing the 100-yr event as well. See MH C6 which
has 0.22 ft freeboard and represents the closed HGL to rim elevation relationship.

STORMLINEA & B
Upstream Downstream Pipe |Pipe Length| Pipe us us DS Pipe Slope | 100-YR | Pipe Full Max. Depth at Pipe Remark
Structure Structure Length | cntr to cntr Size Rim Invert Invert | cntr to cntr | Peak Rate| Capacity | WSEL | Structure Dia. on Hydraulic
1D ID ID (ft) (in) Elev. (ft) (ft) (ft/ft) (cfs) (cfs) (ft) (ft) (ft) Condition

PF-P1 MH P1 PFP1 9.0 10 230.28 229.07 229.02 0.0056 0.39 1.63 229.47 0.40 0.83 OK
MH P1 MH B3 P-2 116.7 12 230.46 229.02 222.58 0.0552 0.39 8.40 229.33 0.31 1.00 OK
MH B3 MH B1 P-1 222.6 12 230.25 222.38 214.85 0.0338 0.39 6.56 222.69 0.31 1.00 OK
PF-18 MH B2 PF18 30.0 10 221.73 216.64 215.69 0.0317 0.73 4.04 218.42 1.78 0.83 submerged
PF-19 MH B2 PF19 30.0 10 221.73 216.64 215.69 0.0317 0.56 4.04 218.39 1.75 0.83 submerged
MH B2 MH B1 B-2 67.9 12 222.11 215.49 214.85 0.0094 1.30 3.48 218.35 2.86 1.00 submerged
MH B4 MH B1 B-4 61.5 18 229.98 215.67 214.85 0.0133 5.23 12.13 218.57 2.90 1.50 submerged
MH B1 MH A2 B-1 190.0 18 222.45 214.65 211.10 0.0187 14.22 14.4 218.19 3.54 1.50 submerged
PF-15 MH A3 A-3 112.6 10 205.36 201.36 200.80 0.0050 0.67 1.55 202.69 1.33 0.83 submerged
MH A3 MH A2 A-2 253.0 10 218.14 200.73 199.47 0.0050 1.04 1.94 202.64 1.91 0.83 submerged
MH A2 MH A1A A-1A 184.0 15 218.95 199.37 188.00 0.0618 8.46 16.06 201.95 2.58 1.25 submerged
MH A2 MHA1B A-1B 170.0 15 218.95 199.37 188.50 0.0639 8.46 16.33 201.95 2.58 1.25 submerged

MH A1B MH C1 A1B-C1 180.0 24 200.70 191.50 192.00 -0.0028 28.77 11.97 192.53 1.03 2.00 OK

MH A1A MH A1B AIA-A1B 124.0 24 200.00 191.00 191.50 -0.0040 28.77 14.31 192.53 1.53 2.00 OK
PF-14 MH A2 B-1A 10.0 8 217.63 212.80 212.72 0.0080 1.05 1.08 213.63 0.83 0.67 submerged
PF-16 MH A1A A-1C 9.5 8 200.56 195.73 189.67 0.6379 0.60 9.65 196.19 0.46 0.67 oK
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APPENDIX D CONVEYANCE SYSTEM
D-3 STORM SYSTEM PIPE CAPACITY
AND 100-YR HGL CHECK

Storm System Line C

Upstream Downstream Pipe [Pipe Length| Pipe us us DS Pipe Slope 10-YR | Pipe Full Max. Depth at Pipe Remark
Structure Structure Length |cntr to cntr Size Rim Invert Invert | cntr to cntr | Peak Rate| Capacity | WSEL [ Structure Dia. on Hydraulic
ID 1D ID (ft) (in) Elev. (ft) (ft) (ft/ft) (cfs) (cfs) (ft) (ft) (ft) Condition
D1-1 Tee into C-10 C-11 13.0 15 243.08+/-| 240.13 238.23 0.1462 no flow 24.7 no flow -
Extg MH C11 MH C10 C-10 163.4 18 242.62 238.72 237.68 0.0064 3.26 8.38 240.13 1.41 1.50 0K
MH C10 MH C9 C-9 121.7 18 242.00 237.68 237.25 0.0035 3.26 6.24 239.9 2.22 1.50 0K
MH C9 MH C8 C-8 200.0 24 245.34 237.25 228.79 0.0423 18.78 46.53 239.79 2.54 2.00 submerged
MH C8 MH C7 C-7 166.3 24 236.46 228.59 224.72 0.0233 18.78 34.51 232.64 4.05 2.00 submerged
MH C7 MH C6 C-6 149.8 30 231.84 224.52 221.94 0.0172 18.78 53.83 230.94 6.42 2.50 submerged
PF-20 MH C6 C6-B 21.0 8 230.19 225.19 223.57 0.0771 0.43 5.10 225.56 0.37 0.67 0K
PF-21 MH C6 C-6A 21.0 8 230.19 225.19 223.57 0.0771 0.48 6.69 226.09 0.90 0.67 submerged
MH C6 MH C5 C-5 118.1 30 230.60 221.74 221.10 0.0054 20.1 30.19 230.38 8.64 2.50 submerged
MH C5 MH C4 C-4 96.4 30 231.17 220.90 220.41 0.0051 20.1 29.24 229.74 8.84 2.50 submerged
MH C4 MH C3 C-3 55.6 30 231.61 220.21 220.08 0.0023 23.25 19.83 229.06 8.85 2.50 submerged
MH C3 MH C2 C-2 134.0 18 228.35 219.88 201.00 0.1409 23.25 39.43 228.10 8.22 1.50 submerged
PF-13 MH C2 C-2A 63.5 8 216.70 211.87 206.00 0.0924 0.47 3.67 212.27 0.40 0.67 0K
MH C2 MH C1 C-1 158.5 18 210.80 200.80 189.00 0.0744 23.92 28.66 209.45 8.65 1.50 submerged
PF-17 MHC1 C-1A 16.4 8 203.88 199.05 190.22 0.5384 0.42 8.87 199.43 0.38 0.67 OK

Storm System Line D, E, & F

Upstream Downstream Pipe [Pipe Length| Pipe us us DS Pipe Slope 10-YR | Pipe Full Max. Depth at Pipe Remark
Structure Structure Length |cntr to cntr Size Rim Invert Invert | cntrto cntr | Peak Rate| Capacity | WSEL | Structure Dia. on Hydraulic
ID ID ID (ft) (in) Elev. (ft) (ft) (ft/ft) (cfs) (cfs) (ft) (ft) (ft) Condition
DI-2 Extg MH E10 E-12 15.0 15 224.78+/-| 221.83 218.62 0.2140 no flow 29.88 |no flow -— 1.25 no flow
Extg MH E10 AD4 E-11 14.0 12 221.88 218.62 217.00 0.1157 3.06 12.12 219.77 1.15 1.00 submerged
AD4 AD1 E-10 25.0 15 219.00 216.00 215.85 0.0060 3.06 7.37 217.07 1.07 1.25 0K
AD3 AD2 E-14 94.8 12 228.00 226.00 216.00 0.1055 GW flowq 11.57 226.00 |Min.Flow| 1.00 0K
AD2 AD1 E-13 124.0 12 218.00 216.00 215.50 0.0040 0.20 2.26 216.48 0.48 1.00 0K
AD1 MH E9 E-9 115.3 15 218.00 215.50 214.00 0.0130 3.28 7.37 216.44 0.94 1.25 0K
MH E9 MH E8 E-8 76.5 15 219.24 214.00 213.00 0.0131 3.43 7.39 215.01 1.01 1.25 0K
MH E8 MH E7 E-7 84.3 15 217.50 213.00 212.35 0.0077 3.43 5.67 214.09 1.09 1.25 0K
PF-8 MH E7 E-7A 12.0 6 216.05 212.22 212.15 0.0058 0.32 0.85 213.34 1.12 0.50 submerged
PF-9 MH E7 E-7B 10.0 6 216.05 212.22 212.15 0.0070 0.32 0.94 213.34 1.12 0.50 submerged
MH E7 MH E6 E-6 196.3 15 216.29 212.15 210.35 0.0092 4.31 6.19 213.30 1.15 1.25 0K
PF-6 MH E6 PF5 12.0 6 214.04 210.79 210.15 0.0533 0.30 2.24 211.35 0.56 0.50 submerged
PF-7 MH E6 PF7 10.0 6 214.04 210.79 210.15 0.0640 0.30 2.39 211.35 0.56 0.50 submerged
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APPENDIX D CONVEYANCE SYSTEM
D-3 STORM SYSTEM PIPE CAPACITY
AND 100-YR HGL CHECK

MH E6 MH E5B E-5B 93.4 18 214.32 210.15 209.00 0.0123 5.42 10.59 211.32 1.17 1.50 oK
MH E5B MH E5A E-5A 55.9 18 213.36 208.80 208.10 0.0125 5.55 27.39 210.01 1.21 1.50 oK
MH E5A MH E4 E-4 173.9 18 212.78 207.90 205.20 0.0155 5.67 20.63 209.10 1.20 1.50 oK
PF-10 MH F1 F-2R 85.6 10 226.48 220.90 215.55 0.0625 0.84 5.48 221.41 0.51 0.83 oK
PF-11 MH F1 F-2L 125.6 10 226.26 220.68 215.55 0.0408 0.76 4.43 221.16 0.48 0.83 oK
MH F1 MH E4 F-1 180.7 12 219.53 215.45 205.29 0.0562 2.48 8.45 216.37 0.92 1.00 oK
MH E4 MH E3 E-3 213.4 18 209.38 205.00 198.29 0.0314 8.2 18.63 206.68 1.68 1.50 submerged
PF-3 MH E3 D-1A 17.0 8 203.47 200.05 198.84 0.0712 0.28 0.83 200.67 0.62 0.67 oK
PF-4 MH E3 E-3A 10.0 8 203.56 200.14 199.71 0.0430 0.38 0.85 200.69 0.55 0.67 oK
PF-5 MH E3 D-1B 13.0 8 203.20 198.41 198.29 0.0092 1.05 1.16 201.04 2.63 0.67 submerged
PF-12 MH D2 D-2 138.0 10 215.79 215.79 200.64 0.1098 1.31 7.26 216.46 0.67 0.83 oK
MH D2 MH E3 D-1 135.8 12 204.67 200.00 198.29 0.0126 1.31 4.00 200.97 0.97 1.00 oK
MH E3 MH E2 E-2 244.9 18 203.49 198.09 190.20 0.0322 11.43 18.85 200.65 2.56 1.50 submerged
MH E2 MH E1 E-1 129.1 18 193.30 190.00 187.98 0.0156 11.43 13.14 192.56 2.56 1.50 submerged
PF-1A MH E1 E-1A 26.0 8 191.94 188.52 187.47 0.0404 0.23 2.43 189.04 0.52 0.67 oK
MH E1 OUTLET W-1 30.0 24 190.86 187.47 187.47 0.0000 6.76 188.99 1.52 2.00 oK 6.75 fps
MH E1 MH G1 W-3 43.0 24 190.86 187.98 186.07 0.0444 491 47.67 189.99 2.01 2.00 submerged 4.46 fps
Storm System Line G
Upstream Downstream Pipe [Pipe Length| Pipe us us DS Pipe Slope 10-YR | Pipe Full Max. Depth at Pipe Remark
Structure Structure Length |cntr to cntr Size Rim Invert Invert | cntrto cntr | Peak Rate| Capacity | WSEL | Structure Dia. on Hydraulic
ID ID ID (ft) (in) Elev. (ft) (ft) (ft/ft) (cfs) (cfs) (ft) (ft) (ft) Condition
PF-1B MH G2 G-3 19.0 6 189.75 186.5 186.34 0.0084 0.68 0.51 188.93 2.43 0.50 submerged
PF-2 MH G2 G-2 18.0 6 189.66 186.41 186.34 0.0039 0.51 0.35 188.68 2.27 0.50 submerged
MH G2 MH G1 G-1 63.8 12 189.88 186.34 186.07 0.0042 1.18 2.32 188.40 2.06 1.00 submerged
MH G1 OUTLET W-2 14.7 24 190.37 186.07 186.06 0.0007 7.86 5.99 188.33 2.26 2.00 submerged 2.46 cfs
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Line A and B HGL Check - 100-yr

Parklands Final 8-26-2016-100-yr-add Offsite-HGL

Prepared by Hewlett-Packard Company Printed 10/13/2016
HydroCAD® 10.00-15 s/n 08107 © 2015 HydroCAD Software Solutions LLC Page 2

Pipe Listing (selected nodes)

Line# Node In-Invert  Out-invert Length  Slope n Diam/Width Height Inside-Fill
Number (feet) (feet) (feet) (ft/ft) (inches) (inches) (inches)

1 A1 199.27 188.00 183.6 0.0614 0.013 15.0 0.0 0.0
2 A1 199.27 188.50 1706 0.0631 0.013 15.0 0.0 0.0
3 A2 200.60 199.47 143.6 0.0079 0.013 10.0 0.0 0.0
4 A3 201.36 200.80 1126 0.0050 0.013 10.0 0.0 0.0
5 Al1A 191.50 191.50 20 0.0000 0.013 24.0 0.0 0.0
6 B-1 214 .65 21110 188.8 00188 0.013 18.0 0.0 0.0
7 B2 215.49 214.85 67.0 0.0096 0.013 12.0 0.0 0.0
8 B4 21567 214.85 615 0.0133 0.013 18.0 0.0 0.0
9 P-1 222 38 214.85 222.0 00339 0.013 12.0 0.0 0.0
10 P-2 229.02 222.58 116.7 0.0552 0.013 12.0 0.0 0.0
11  PF-P 22907 22902 90 00056 0.013 10.0 0.0 0.0
12 PF14 212.80 212,72 10.0 0.0080 0.013 8.0 0.0 0.0
13 PF15 201.36 201.31 1.0 00500 0.013 10.0 0.0 0.0
14 PF16 195.73 188.95 9.5 07137 0.013 8.0 0.0 0.0
15 PF18 216.64 215.69 28.0 0.0339 0.013 10.0 0.0 0.0
16 PF19 216.64 21569 28.0 0.0339 0.013 10.0 0.0 0.0
17 SW2 191.00 191.00 20 00000 0013 240 0.0 0.0
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Line A and B HGL Check - 100-yr

Parklands Final 8-26-2016-100-yr-add Offsite-HGL Type IA 24-hr 100-yr Rainfall=5.30"
Prepared by Hewlett-Packard Company Printed 10/13/2016
HydroCAD® 10.00-15 s/n 08107 © 2015 HydroCAD Software Solutions LLC Page 3

Time span=0.00-48.00 hrs, dt=0.03 hrs, 1601 points
Runoff by SBUH method, Split Pervious/Imperv.
Reach routing by Dyn-Stor-ind method - Pond routing by Dyn-Stor-Ind method

Subcatchment 10AT: Street Impervious  Runoff Area=15,797 sf 100.00% Impervious Runoff Depth=5.06"
Tc=5.0 min CN=0.0/98.0 Runoff=0.45 cfs 0.153 af

Subcatchment 10BT: Street Pervious Area  Runoff Area=9,720 sf 0.00% Impervious Runoff Depth=3.75"
Tc=5.0 min CN=86.0/0.0 Runoff=0.21 cfs 0.070 af

Subcatchment B1AB: Parking Pervious Area Runoff Area=5,160 sf 0.00% Impervious Runoff Depth=3.25"
Tc=10.0 min CN=81.0/0.0 Runoff=0.09 cfs 0.032 af

Subcatchment B1AT: Parking Impervious Runoff Area=33,428 sf 100.00% Impervious Runoff Depth=5.06"
Tc=5.0 min CN=0.0/98.0 Runoff=0.96 cfs 0.324 af

Subcatchment BPR1: Business Roofs Runoff Area=3,000 sf 100.00% Impervious Runoff Depth=5.06"
Tc=5.0min CN=0.0/98.0 Runoff=0.09 cfs 0.029 af

Subcatchment CWN: Street Runoff Area=22,251 sf 82.63% Impervious Runoff Depth=4.75"
Tc=11.0 min CN=81.0/98.0 Runoff=0.56 cfs 0.202 af

Subcatchment CWS: Street, sidewalk, Runoff Area=30,128 sf 73.27% Impervious Runoff Depth=4.58"
Te=11.0 min CN=81.0/98.0 Runoff=0.73 cfs 0.264 af

Subcatchment LPW: Lower parking Runoff Area=21,245 sf 93.58% Impervious Runoff Depth=4.96"
Tc=5.0 min CN=83.0/98.0 Runoff=0.60 cfs 0.202 af

Subcatchment OVSR: Offsite Residential - Runoff Area=244,726 sf 0.00% Impervious Runoff Depth=3.45"
Tc=25.0min CN=83.0/0.0 Runoff=3.69 cfs 1.614 af

Subcatchment OVSRW: Offsite (ROW Runoff Area=62,071 sf 79.42% Impervious Runoff Depth=4.67"
Tc=10.0 min CN=80.0/98.0 Runoff=1.56 cfs 0.555 af

Subcatchment OVWL.: Offsite pervious - Runoff Area=97,317 sf 100.00% Impervious Runoff Depth=5.06"
Tc=15.0 min CN=0.0/98.0 Runoff=2.49 cfs 0.943 af

Subcatchment OVWPL.: Offsite - Runoff Area=115,995 sf 92.63% Impervious Runoff Depth=4.92"
Te=5.0 min CN=80.0/98.0 Runoff=3.24 cfs 1.092 af

Subcatchment OVWR: Offsite Impervious Runoff Area=67,651 sf 100.00% Impervious Runoff Depth=5.06"
Tc=15.0 min CN=0.0/98.0 Runoff=1.73 cfs 0.655 af

Subcatchment P: Payne Road - future Runoff Area=14,218 sf 69.05% Impervious Runoff Depth=4.66"
Tc=0.0 min CN=86.0/98.0 Runoff=0.39 cfs 0.127 af

Subcatchment RP1: Lot 1 and 5 (roofs) Runoff Area=13,000 sf 100.00% Impervious Runoff Depth=5.06"
Te=5.0 min CN=0.0/98.0 Runoff=0.37 cfs 0.126 af

Pond A-1: MH A2TO MH A1A & MH A1B Peak Elev=201.95" Inflow=16.93 cfs 6.377 af
Primary=8.46 cfs 3.188 af Secondary=8.46 cfs 3.188 af Outflow=16.93 cfs 6.377 af
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Line A and B HGL Check - 100-yr

Parklands Final 8-26-2016-100-yr-add Offsite-HGL Type IA 24-hr 100-yr Rainfall=5.30"
Prepared by Hewlett-Packard Company Printed 10/13/2016
HydroCAD® 10.00-15_s/n 08107 © 2015 HydroCAD Software Solutions LLC Page 4
Pond A-2: MH A3 TO MH A2 Peak Elev=202.33" Inflow=1.04 cfs 0.349 af

10.0" Round Culvert n=0.013 L=1436' S=0.0079 "/ Outflow=1.04 cfs 0.349 af

Pond A-3: PF-15 Pittock Pl Peak Elev=202.64" Inflow=1.04 cfs 0.349 af
10.0" Round Culvert n=0.013 L=112.6' $=0.0050 '/ Outflow=1.04 cfs 0.349 af

Pond A1A: Stilling Well 1 Peak Elev=193.36' Storage=711 cf Inflow=9.05 cfs 3.390 af
24.0" Round Culvert n=0.013 L=2.0' $=0.0000"/" Outflow=9.03 cfs 3.382 af

Pond B-1: MH B1 - CMD and Village (MH B1 TO MH A2) Peak Elev=218.19' Inflow=14.22 cfs 5451 af
18.0" Round Culvert n=0.013 L=188.8' S=0.0188 "/ Outflow=14.22 cfs 5451 af

Pond B-2: MH B2 to MH B1 Peak Elev=218.35' Inflow=1.30 cfs 0.466 af
12.0" Round Culvert n=0.013 L=67.0° S=0.0096 "/ Outflow=1.30 cfs 0.466 af

Pond B-4: MH B4 to MH B1 Peak Elev=218.57" Inflow=5.23 cfs 2.168 af
18.0" Round Culvert n=0.013 L=61.5' $=0.0133"" Outflow=5.23 cfs 2.168 af

Pond P-1: MH B3 to MH B1 Peak Elev=222.69' Inflow=0.39 cfs 0.127 af
12.0" Round Culvert n=0.013 L=222.0' S$=0.0339'7 Outflow=0.39 cfs 0.127 af

Pond P-2: MH P1 TO MH B3 Peak Elev=229.33' Inflow=0.39 cfs 0.127 af
12.0" Round Culvert n=0.013 L=116.7" S=0.0552'f" OQutflow=0.39 cfs 0.127 af

Pond PF-P: Perk Filter Payne Peak Elev=229.47" Inflow=0.39 cfs 0.127 af
10.0" Round Culvert n=0.013 L=9.0' S=0.0056"" Outflow=0.39 cfs 0.127 af

Pond PF14: Perk Filter 14 to MH A2 Peak Eley=213.63' Inflow=1.05 cfs 0.356 af
80" Round Culvert n=0.013 L=10.0' S=0.0080'" Outflow=1.05 cfs 0.356 af

Pond PF15: PF-15 Pittock Pl. Peak Elev=202.69' inflow=0.67 cfs 0.223 af
10.0" Round Culvert n=0.013 L=1.0' S=0.0500"" Outflow=0.67 cfs 0.223 af

Pond PF16: Perk Filter #16 Peak Elev=196.19" Inflow=0.60 cfs 0.202 af
8.0" Round Culvert n=0.013 L=95" S=0.7137 ' Outflow=0.60 cfs 0.202 af

Pond PF18: Perk Filter 18 Peak Flev=218.42' inflow=0.73 cfs 0.264 af
10.0" Round Culvert n=0.013 L=28.0' 5=0.0339" Outflow=0.73 cfs 0.264 af

Pond PF19: Perk Filter 19 Peak Elev=218.39' Inflow=0.56 cfs 0.202 af
10.0" Round Culvert n=0.013 L=28.0" $=0.0339 T Qutflow=0.56 cfs 0.202 af

Pond PP: 24 INCH PERF PIPE Peak Elev=192.09' Storage=0.010 af Inflow=42.00 cfs 16.805 af
Outflow=41.97 cfs 16.805 af

Pond SW2: A1B Peak Elev=193.30' Storage=235cf Inflow=8.46 cfs 3.188 af
24.0" Round Culvert n=0.013 L=2.0’ S=0.0000"7 Outflow=8.46 cfs 3.184 af

Pond W-A: Wetland A Peak Elov=188.18' Storage=1.500 af Inflow=72.99 cfs 30.244 af
Qutflow=65.90 cfs 30.244 af

i
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Exhibit 16 SP26-1005

Line C - HGL Check - 100yr

Parklands Final 8-26-2016-100-yr-add Offsite-HGL

Prepared by Hewlett-Packard Company Printed 10/13/2016
HydroCAD® 10.00-15 s/n 08107 © 2015 HydroCAD Software Solutions LLC Page 2

Pipe Listing (selected nodes)

Line# Node In-Invert Out-Invert Length  Slope n  Diam/Width Height Inside-Fill
Number (feet) (feet) (feet) (f/ft) (inches) (inches) (inches)

1 CA 200.80 189.00 158.5 0.0744 0.013 18.0 0.0 0.0
2 C-10 238.75 237.68 1634 00065 0.013 18.0 0.0 0.0
3 C=2 219.88 201.00 1340 01409 0.013 18.0 0.0 0.0
4 C3 220.21 220.08 566 00023 0.013 30.0 0.0 0.0
5 C4 220.90 220.41 964 00051 0.013 30.0 0.0 0.0
6 C-5 221.74 221.10 118.1 0.0054 0.013 300 0.0 0.0
7 C6 224.52 221.94 149.8 0.0172 0.013 30.0 0.0 0.0
8 C7 228.59 22472 166.3 0.0233 0.013 24.0 0.0 0.0
9 C-8 237.25 228.79 200.0 0.0423 0.013 24.0 0.0 0.0
10 C-9 237 68 237.25 121.7 0.0035 0.013 18.0 0.0 0.0
11 C1 192.00 192.00 2.0 0.0000 0013 24.0 0.0 0.0
12 PF20 22519 224.01 21.8 0.0541 0.013 10.0 0.0 0.0
13 PF 21 226.02 223.99 218 0.0931 0.013 10.0 0.0 0.0
14  PF13 211.87 206.00 635 0.0924 0.013 8.0 0.0 0.0
15 PF17 199.05 190.22 164 05384 0.013 8.0 0.0 0.0
16 WPLS 239.08 238.92 1126 0.0014 0.013 12.0 0.0 0.0
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Exhibit 16 SP26-1005

Line C - HGL Check - 100yr
Type IA 24-hr 1 00-yr Rainfali=5.30"
Printed 10/13/2016

Page 3

Time span=0.00-48.00 hrs, dt=0.03 hrs, 1601 points
~ Runoff by SBUH method, Spilit Pervious/Imperv.
Reach routing by Dyn-Stor-Ind method - Pond routing by Dyn-Stor-Ind method

Subcatchment B2AB: Parking Pervious Area Runoff Area=4,369 sf 0.00% Impervious Runoff Depth=3.25"

Te=10.0 min  CN=81.0/0.0 Runoff=0.08 cfs 0.027 af

Subcatchment B2AT: Parking Impervious Runoff Area=21,016 sf 100.00% Impervious Runoff Depth=5.08"

Subcatchment CEN: Street ROW

Subcatchment CES: Street

Subcatchment ELRL : Offsite East Loop -

Subcatchment ELRW: Offsite east (ROW

Subcatchment LPE: Lower parking

Subcatchment LS: Two acre (CN 91)

Subcatchment OFA: Street Impervious

Subcatchment OFB: Future Area

Pond C-1: E of Bldg 2 (MH C2 TO MH C1)

Tc=5.0 min CN=0.0/98.0 Runoff=0.60 cfs 0.204 af

Runoff Area=27 504 sf 81.52% Impervious Runoff Depth=4.71"
Tc=11.0 min CN=80.0/98.0 Runoff=0.69 cfs 0.249 af

Runoff Area=26,070 sf 72.87% Impervious Runoff Depth=4.55"
Te=11.0 min  CN=80.0/98.0 Runoff=0.63 cfs 0.227 af

Runoff Area=118,219 sf 0.00% Impervious Runoff Depth=3.45"
Te=25.0 min CN=83.0/0.0 Runoff=1.78 cfs 0.780 af

Runoff Area=57,368 sf 73.29% Impervious Runoff Depth=4 55"
Tc=10.0 min CN=80.0/98.0 Runoff=1.41 cfs 0.500 af

Runoff Area=20,949 sf 96.50% Impervious Runoff Depth=5.01"
Tc=5.0 min CN=83.0/98.0 Runoff=0.60 cfs 0.201 af

Runoff Area=6.500 ac  50.15% Impervious Runoff Depth=4.41"
Te=15.0 min  CN=86.0/98.0 Runoff=6.38 cfs 2.387 af

Runoff Area=37,500 sf 100.00% Impervious Runoff Depth=5.06"

Tc=5.0 min CN=0.0/98.0 Runoff=1.08 cfs 0.363 af

Runoff Area=602,064 sf 0.00% Impervious Runoff Depth=4.53"
Tc=10.0 min  CN=93.3/0.0 Runoff=15.30 cfs 5.213 af

Peak Elev=209.45' Inflow=23.92 cfs 10.043 af

18.0" Round Culvert n=0.013 L=158.5" S=0.0744 /' Outflow=23.92 cfs 10.043 af

Pond C-10: NEW 18 - replace 12" perf

Peak Elev=240.13" Inflow=3.26 cfs 2.481 af

18.0" Round Culvert n=0.013 L=163.4' §=0.0065 7 Outflow=3.26 cfs 2481 af

Pond C-2: MH 3 to MH 2

Peak Elev=228.10' inflow=23.25 cfs 9.812 af

18.0" Round Culvert n=0.013 L=134.0' S=0.1409 ' Outflow=23.25 c¢fs 9.812 af

Pond C-3: at Inersection (MH C4 TO MH C3)

Peak Elev=229.06' Inflow=23.25 cfs 9.812 af

30.0" Round Culvert n=0.013 L=55.6" $=0.0023 /' Outflow=23.25 cfs 9.812 af

Pond C-4: MH 5 to MH 4

Peak Elev=229.74' Inflow=20.10 cfs 8.533 af

30.0" Round Culvert n=0.013 L=96.4' $=0.0051"7 Outflow=20.10 cfs 8.533 af

Pond C-5: MH 6 to MH §

30.0" Round Culvert n=0.013 L=118.1" S$=0.0054 "

Inflow=20.10 cfs 8.533 af
Outflow=20.10 cfs 8.533 af

Peak Elev=230.38'
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Line C - HGL Check - 100yr

Parklands Final 8-26-2016-100-yr-add Offsite-HGL Type IA 24-hr 100-j_/r Rainfall=5.30"
Prepared by Hewlett-Packard Company Printed 10/13/2016
HydroCAD® 10.00-15_s/n 08107 _© 2015 HydroCAD Software Solutions LLC Page 4
Pond C-6: MH 7 to MH 6 Peak Elev=230.94' Inflow=18.78 cfs 8.057 af

30.0" Round Culvert n=0.013 L=149.8' $=0.0172 "/ Outflow=18.78 cfs 8.057 af

Pond C-7: MH8to MH 7 Peak Elev=232.64' Inflow=18.78 cfs 8.057 af
240" Round Culvert n=0.013 L=166.3' S=0.0233 '/ Outflow=18.78 cfs 8.057 af

Pond C-8: Offsite to Camas Meadows Dr (Start to MH 7) Peak Elev=239.79" Inflow=18.78 cfs 8.057 af
24.0" Round Culvert n=0.013 L=200.0' S=0.0423 "/ Outflow=18.78 cfs 8.057 af

Pond C-9: Larkspur outfall Peak Elev=239.90"' Inflow=3.26 cfs 2.481 af
18.0" Round Culvert n=0.013 L=121.7" $=0.0035 /" Outflow=3.26 cfs 2.481 af

Pond C1: Stilling Well 3 Peak Elev=194.07' Storage=0.006 af Inflow=24.51 cfs 10.243 af
24.0" Round Culvert x 2.00 n=0.013 L=2.0' S=0.0000"" Outflow=24.50 cfs 10.239 af

Pond PF 20: Perk Filter 20 Peak Elev=230.43" Inflow=0.63 cfs 0.227 af
10.0" Round Culvert n=0.013 L=21.8' S=0.0541 "7 Outflow=0.63 cfs 0.227 af

Pond PF 21: Perk Filter 21 Peak Elev=230.44" Inflow=0.69 cfs 0.249 af
10.0" Round Culvert n=0.013 L=21.8' $=0.0931"" Outflow=0.69 cfs 0.249 af

Pond PF13: Perk Filter #13 Peak Elev=212.37" Inflow=0.68 cfs 0.231 af
8.0" Round Culvert n=0.013 L=63.5' $=0.0924 /' Outflow=0.68 cfs 0.231 af

Pond PF17: Perk Filter #17 Peak Elev=199.51" Inflow=0.60 cfs 0.201 af
8.0" Round Culvert n=0.013 L=16.4' $=0.5384 """ Outflow=0.60 cfs 0.201 af

Pond PP: 24 INCH PERF PIPE Peak Elev=192.99' Storage=0.010 af Inflow=42.00 cfs 16.805 af
Outflow=41.97 cfs 16.805 af

Pond W-A: Wetland A Peak Elev=188.18' Storage=1.500 af Inflow=72.99 cfs 30.244 af
Outflow=65.90 cfs 30.244 af

Pond WPLS: Wet Pond Peak Elev=241.27" Storage=35,900 cf Inflow=6.38 cfs 2.387 af
Primary=3.26 cfs 2.481 af Secondary=0.00 cfs 0.000 af Outflow=3.26 cfs 2.481 af
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Line E HGL Check - 100-yr
Parklands Final 8-26-201 6-100-yr-add Offsite-HGL

Prepared by Hewlett-Packard Company Printed 10/13/2016
HydroCAD® 10.00-15 s/n 08107 © 2015 HydroCAD Software Solutions LLC Page 2

Pipe Listing (selected nodes)

Line# Node In-Invert Out-Invert Length Slope n  Diam/Width Height Inside-Fill
Number (feet) (feet) (feet) (fi/ft) (inches) (inches) (inches)

1 3P 21862 218.61 70.0 0.0001 0013 12.0 0.0 0.0
2 4P 21862 218.61 15.0 0.0007 0.013 6.0 0.0 0.0
3 5P 218.62 218.61 15.0 0.0007 0.013 6.0 0.0 0.0
14 E 187.47 187.47 30.0 0.0000 0013 240 0.0 0.0
5 E 187.98 186.06 43.0 00447 0013 240 0.0 0.0
6 E-1 190.00 187.98 129.1 0.0156 0.013 18.0 0.0 0.0
7 E-10 216.00 215.85 - 25.0 0.0060 0.013 15.0 0.0 0.0
8 E-M 218.62 217.00 14.0 0.1157 0.013 12.0 0.0 0.0
9 E-13 216.00 215.50 124.0 0.0040 0.013 12.0 0.0 0.0
10 E-14 226.00 216.00 948 0.1055 0.013 12.0 0.0 0.0
1 E-2 198.09 190.20 2449 0.0322 0.013 18.0 0.0 0.0
12 E-3 205.00 198.29 2134 00314 0013 18.0 0.0 0.0
13 E4 207.90 205.20 173.9 00155 0013 18.0 0.0 0.0
14 E-5A 208.80 208.10 556.9 0.0125 0013 18.0 0.0 0.0
15 E-5B 210.15 209.00 934 00123 0013 18.0 0.0 0.0
16 E6 212.15 210.35 196.3 0.0092 0.013 15.0 0.0 0.0
17 E-7 213.00 212.35 84.3 0.0077 0.013 15.0 0.0 0.0
18 E-8 214.00 213.00 765 00131 0.013 15.0 0.0 0.0
19 E-9 215.50 214.00 115.3 0.0130 0.013 15.0 0.0 0.0
20 PF3 199.47 199.40 15.0 0.0047 0.013 8.0 0.0 0.0
21 PF4 198.38 198.33 10.0 00050 0.013 8.0 0.0 0.0
22 PFe 210.21 210.15 120 0.0050 0.013 8.0 0.0 0.0
23 PF7 210.21 210.15 100 0.0060 0.013 8.0 0.0 0.0
24 PF8 212.21 21215 120 0.0050 0.013 8.0 0.0 0.0
25 PF9 212.21 212.15 10.0 00060 0013 8.0 0.0 0.0
26 WPLE 222 68 22253 6.5 0.0231 0013 12.0 0.0 0.0
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Line E HGL Check - 100-yr
Type IA 24-hr 100-yr Rainfali=5.30"

Printed 10/13/2016
Page 3

Time span=0.00-48.00 hrs, dt=0.03

hrs, 1601 points

Runoff by SBUH method, Split Pervious/Imperv.
Reach routing by Dyn-Stor-ind method - Pond routing by Dyn-Stor-Ind method

Subcatchment E1: Street and SW

Runoff Area=6,391 sf
Tc=5.0 min

Subcatchment E1-9: lot 9 (lawn and drive) Runoff Area=8 576 sf

Subcatchment E3: Street and Sw

Subcatchment E4: Street and SW

Subcatchment E6: Lots 25-26 and street

Subcatchment E7: Lots 18-19 and street

Subcatchment E8: Lots 22-24 and street

Subcatchment E9: Lots 20-22 and street

Subcatchment L7: Lot 7 Lawn area

Tc=10.0 min

Runoff Area=14,647 sf
Tc=5.0 min

Runoff Area=23,546 sf
Te=5.0 min

Runoff Area=22,191 sf
Tc=15.0 min

Runoff Area=22,129 sf
Tc=15.0 min

Runoff Area=24,137 sf
Tc=15.0 min

Runoff Area=24,137 sf
Te=15.0 min

91.72% Impervious Runoff Depth=4.90"
CN=80.0/98.0 Runoff=0.18 ¢fs 0.060 af

11.66% Impervious Runoff Depth=3.64"
CN=83.0/98.0 Runoff=0.17 cfs 0.080 af

87.33% Impervious Runoff Depth=4.82"
CN=80.0/98.0 Runoff=0.40 cfs 0.135 af

58.09% Impervious Runoff Depth=4.26"
CN=80.0/98.0 Runoff=0.57 cfs 0.192 af

28.21% Impervious Runoff Depth=4.10"
CN=85.8/98.0 Runoff=0.47 cfs 0.174 af

28.29% Impervious Runoff Depth=4.11"
CN=85.8/98.0 Runoff=0.47 cfs 0.174 af

22.82% Impervious Runoff Depth=4.04"
CN=85.9/98.0 Runoff=0.50 cfs 0.187 af

22.82% Impervious Runoff Depth=4.04"
CN=85.9/98.0 Runoff=0.50 cfs 0.187 af

Runoff Area=0.137 ac  0.00% Impervious Runoff Depth=3.75"
Tc=15.0min CN=86.0/0.0 Runoff<0.12 cfs 0.043 af

Subcatchment L8-9: Lots 8 and 9 Lawn area Runoff Area=0.273 ac 0.00% Impervious Runoff Depth=3.75"
Tc=15.0 min CN=86.0/0.0 Runoff=0.23 cfs 0.085 af

Subcatchment LE: LACAMAS ESTATES

Subcatchment R7: Lots 7 (assume RD

Subcatchment R8: Lots 8 (assume RD

Subcatchment R9: Lots 9 (assume RD

Runoff Area=6.590 ac
Tc=15.0 min

67.37% Impervious Runoff Depth=4.63"
CN=86.0/98.0 Runoff=6.77 cfs 2.545 af

Runoff Area=0.103 ac  100.00% Impervious Runoff Depth=5.06"

Te=5.0 min CN=0.0/98.0 Runoff=0.13 cfs 0.043 af

Runoff Area=0.103 ac  100.00% Impervious Runoff Depth=5.06"

Tc=5.0 min CN=0.0/98.0 Runoff=0.13 cfs 0.043 af

Runoff Area=0.103 ac  100.00% Impervious Runoff Depth=5.06"

Tc=5.0 min CN=0.0/98.0 Runoff=0.13 cfs 0.043 af

Subcatchment RE2: Roofs only (9 and 12) Runoff Area=13,000 sf 100.00% Impervious Runoff Depth=5.06"
Te=10.0 min  CN=0.0/98.0 Runoff=0.35 cfs 0.126 af

Subcatchment RE3A: Roof only (30)

Runoff Area=6,500 sf 100.00% Impervious Runoff Depth=5.06"
Tc=10.0 min  CN=0.0/98.0 Runoff=0.18 cfs 0.063 af
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Subcatchment RE4: Roof only (27) Runoff Area=6,500 sf 100.00% Impervious Runoff Depth=5.06"
Tc=10.0 min  CN=0.0/98.0 Runoff=0.18 cfs 0.063 af

Subcatchment RE5: Roofs only (17) Runoff Area=6,500 sf 100.00% Impervious Runoff Depth=5.06"
Tc=10.0 min CN=0.0/98.0 Runoff=0.18 cfs 0.063 af

Subcatchment RE6: Roofs only (18-19 Runoff Area=26,000 sf 100.00% Impervious Runoff Depth=5.06"
Te=5.0 min CN=0.0/98.0 Runoff=0.75 cfs 0.252 af

Subcatchment RE7: Roofs only (20 and  Runoff Area=13,000 sf 100.00% Impervious Runoff Depth=5.06"
Tc=5.0 min CN=0.0/98.0 Runoff=0.37 cfs 0.126 af

Subcatchment RE8: Roofs only-Lot 21 & Runoff Area=13,000 sf 100.00% Impervious Runoff Depth=5.06"
Tc=5.0 min CN=0.0/98.0 Runoff=0.37 cfs 0.126 af

Subcatchment RE9: Roof only-Lot 23 Runoff Area=6,500 sf 100 00% Impervious Runoff Depth=5.06"
Te=5.0 min CN=0.0/98.0 Runoff=0.19 ¢fs 0.063 af

Pond 3P: Rear Yard (12" perf) - one roof drain Peak Elev=220.26' Inflow=0.26 cfs 0.087 af
12.0" Round Culvert n=0.013 L=70.0' S=0.0001"" Outflow=0.26 cfs 0.087 af

Pond 4P: Rear Yard (6") Peak Elev=220.28' Inflow=0.26 cfs 0.087 af
6.0" Round Culvert n=0.013 L=15.0' S=0.0007 /' Outflow=0.26 cfs 0.087 af

Pond 5P: Rear Yard (6") Peak Elev=220.28" Inflow=0.13 cfs 0.043 af
6.0" Round Culvert n=0.013 L=15.0' $=0.0007 '/ OQutflow=0.13 cfs 0.043 af

Pond E: Extg culvert (S) Peak Elev=189.33' Storage=41cf Inflow=16.68 cfs 7.325 af
Primary=9.56 cfs 5.204 af Secondary=7.13 cfs 2.121 af Outflow=16.67 cfs 7.325 af

Pond E-1: E2 to E1 (129 LF) Peak Elev=194.60' Inflow=16.33 cfs 7.160 af
18.0" Round Culvert n=0.013 L=129.1' $=0.0156 " Outflow=16.33 cfs 7.160 af

Pond E-10: Rear yard (24 LF) to AD1 Peak Elev=217.29' Inflow=4.04 cfs 2.673 af
15.0" Round Culvert n=0.013 L=250' $=0.0060 '/ Outflow=4.04 cfs 2.673 af

Pond E-11: New outlet from facility Peak Elev=220.26" Inflow=4.04 cfs 2.673 af
12.0" Round Culvert n=0.013 L=14.0' S$=0.1157 7 Qutflow=4.04 cfs 2.673 af

Pond E-13: Rear yard (124 LF) to AD1 Peak Elev=216.68" Inflow=0.30 cfs 0.106 af
12.0" Round Culvert n=0.013 L=124.0' $S=0.0040 "/ Outflow=0.30 cfs 0.106 af

Pond E-14: Rear yard (93 LF) to AD2 Peak Elev=0.00'
12.0" Round Culvert n=0.013 L=94.8' S=0.1055 '/ Primary=0.00 cfs 0.000 af

Pond E-2: E3 to E2 (245 LF) Peak Elev=202.52' Inflow=16.33 cfs 7.160 af
18.0" Round Culvert n=0.013 L=244.9' S=0.0322 Outflow=16.33 cfs 7.160 af

Pond E-3: MH E3 to MH E4 (213.4 LF) Peak Elev=207.60' Inflow=11.57 cfs 5.471 af
18.0" Round Culvert n=0.013 L=213.4' $=0.0314 /' Outflow=1157 cfs 5.471 af
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Pond E-4: MH E5A to MH E4 (173.9) Peak Elev=209.53' Inflow=7.97 cfs 4.215 af

18.0" Round Culvert n=0.013 L=173.9' $=0.0155"/" Outflow=7.97 cfs 4.215 af

Pond E-5A: E5B to E5A (55.9 LF) Rim 213.36 Peak Elev=210.43' Inflow=7.79 cfs 4.152 af
‘ 18.0" Round Culvert n=0.013 L=55.9' S=0.0125'7 Outflow=7.79 cfs 4.152 af

Pond E-5B: E6 to E5B (93.4 LF) Peak Elev=211.70" Inflow=7.61 cfs 4.089 af
18.0" Round Culvert n=0.013 L=93.4' S=0.0123 7 Outflow=7.61 cfs 4.089 af

Pond E-6: E7 to E6 (196.3 LF) Peak Elev=213.79" Inflow=5.97 cfs 3.489 af
15.0" Round Culvert n=0.013 L=196.3' S=0.0092'/" Outflow=5.97 cfs 3.489 af

Pond E-7: E8 to E7 (84.3 LF) Rim 217.5 Peak Elev=214.53" Inflow=4.62 cfs 2.990 af
15.0" Round Culvert n=0.013 L=84.3' $=0.0077 '/ Outflow=4.62 cfs 2.990 af

Pond E-8: E9 to E8 - 76.5 LF Peak Elev=215.35" Inflow=4.62 cfs 2.990 af
15.0" Round Culvert n=0.013 L=76.5" $=0.0131"" Outflow=4.62 cfs 2.990 af

Pond E-9: Rear Yard (AD#1 to MH E9) 1153 LF Peak Elev=216.66' Inflow=4.37 cfs 2.864 af
15.0" Round Culvert n=0.013 L=115.3' $=0.0130 '/ Outflow=4.37 cfs 2.864 af

Pond PF3: Perk Filter Peak Elev=202 58' Inflow=0.40 cfs 0.135 af
8.0" Round Culvert n=0.013 L=15.0' S=0.0047 /' Outflow=0.40 cfs 0.135 af

Pond PF4: Perk Filter Peak Elev=202.63 Inflow=0.57 cfs 0.192 af
8.0" Round Culvert n=0.013 L=10.0' S=0.0050 '/ Outflow=0.57 cfs 0.192 af

Pond PF6: Perk Filter Peak Elev=211.78' Inflow=0.47 cfs 0.174 af
8.0" Round Culvert n=0.013 L=12.0' S=0.0050 '/ Outflow=0.47 cfs 0.174 af

Pond PF7: Perk Filter Peak Elev=211.78' Inflow=0.47 cfs 0.174 af
8.0" Round Culvert n=0.013 L=10.0' S=0.0060 " Outflow=0.47 cfs 0.174 af

Pond PF8: Perk Filter Peak Elev=213.88' Inflow=0.50 cfs 0.187 af
8.0" Round Culvert n=0.013 L=12.0' S=0.0050"" Outflow=0.50 cfs 0.187 af

Pond PF9: Perk Filter Peak Elev=213.88' Inflow=0.50 cfs 0.187 af
8.0" Round Culvert n=0.013 L=10.0' S=0.0060 /' Outflow=0.50 cfs 0.187 af

Pond WPLE: Wet Pond Peak Elev=224.88' Storage=41,208 ¢f Inflow=6.77 cfs 2.545 af
12.0" Round Culvert n=0.013 L=6.5' S=0.0231 "/ Outflow=3.89 cfe 2 543 af
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Pipe Listing (selected nodes)

Line# Node In-Invert  Out-Invert Length  Slope n  Diam/Width Height Inside-Fill
Number (feet) (feet) (feet) (ft/ft) (inches) (inches) (inches)

1 DA 200.00 198.29 135.8 0.0126 0.013 12.0 0.0 0.0

2 D2 215.79 200.64 138.0 0.1098 0.013 10.0 0.0 0.0

3 E-2 198.09 190.20 2449 0.0322 0.013 18.0 0.0 0.0

4 E-3 205.00 198.29 2134 00314 0.013 18.0 0.0 0.0

5 F1 21545 205.29 180.7 0.0562 0.013 12.0 0.0 0.0

6 PF10 220.90 215.55 856 0.0625 0.013 10.0 0.0 0.0

7 PF11 220.68 215.55 1266 0.0408 0.013 10.0 0.0 0.0

8 PF12 215.79 21578 1.0 0.0100 0.013 10.0 0.0 0.0
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Time span=0.00-48.00 hrs, dt=0.03 hrs, 1601 points
Runoff by SBUH method, Split Pervious/imperv.
Reach routing by Dyn-Stor-Ind method - Pond routing by Dyn-Stor-Ind method

Subcatchment B3AT: Parking Impervious Runoff Area=30,681 sf 100.00% Impervious Runoff Depth=5.06"
Tc=5.0 min CN=0.0/98.0 Runoff=0.88 cfs 0.297 af

Subcatchment B3BT: Pervious area Runoff Area=9,998 sf 0.00% Impervious Runoff Depth=3.25"
Tc=5.0 min CN=81.0/0.0 Runoff=0.19 cfs 0.062 af

Subcatchment B4aP: Pervious Area Runoff Area=3,662 sf 0.00% Impervious Runoff Depth=3 25"
Tc=5.0 min CN=81.0/0.0 Runoff=0.07 cfs 0.023 af

Subcatchment B4aT: Parking Impervious Runoff Area=35,023 sf 100.00% Impervious Runoff Depth=5.06"
Te=5.0 min CN=0.0/98.0 Runoff=1.01 cfs 0.339 af

Subcatchment B4bP: Pervious Area Runoff Area=6,109 sf 0.00% Impervious Runoff Depth=3.25"
Tc=5.0 min CN=81.0/0.0 Runoff=0.11 cfs 0.038 af

Subcatchment B4bT: Parking Impervious Runoff Area=37,875 sf 100.00% Impervious Runoff Depth=5.06"
Tc=5.0 min CN=0.0/98.0 Runoff=1.09 cfs 0.367 af

Subcatchment BPR3: Business Roofs Runoff Area=21,950 sf 100.00% Impervious Runoff Depth=5.06"
Te=5.0min CN=0.0/98.0 Runoff=0.63 cfs 0.213 af

Subcatchment BPR4: Business Roofs -  Runoff Area=31,000 sf 100.00% Impervious Runoff Depth=5.06"
Te=5.0 min CN=0.0/98.0 Runoff=0.89 cfs 0.300 af

Subcatchment RD1: Roof only (31) Runoff Area=6,500 sf 100.00% Impervious Runoff Depth=5.06"
Tc=10.0 min  CN=0.0/98.0 Runoff=0.18 cfs 0.063 af

Subcatchment RE3B: Roofs only (28-29) Runoff Area=13,000 sf 100.00% Impervious Runoff Depth=5.06"
Tc=10.0 min CN=0.0/98.0 Runoff=0.35 cfs 0.126 af

Pond D-1: To intersection(McMaster and Longbow) Peak Elev=203.00' Inflow=1.87 cfs 0.635 af
12.0" Round Culvert n=0.013 L=135.8' S=0.0126 /' Outflow=1.87 cfs 0.635 af

Pond D-2: Business 3 - PF12 to MH D1 Peak Elev=216.72" Inflow=1.87 cfs 0.635 af
10.0" Round Culvert n=0.013 L=138.0" S=0.1098 ' Qutflow=1.87 cfs 0.635 af

Pond E-2: E3 to E2 (245 LF) Peak Elev=202.52' Inflow=16.33 cfs 7.160 af
18.0" Round Culvert n=0.013 L=244.9' S=0.0322 '/ Outflow=16.33 cfs 7.160 af

Pond E-3: MH E3 to MH E4 (213.4 LF) Peak Elev=207.680' Inflow=11.57 cfs 5.471 af
18.0" Round Culvert n=0.013 L=213.4' S=0.0314 7 Outflow=1157 cfs 5471 af

Pond F1: Business 4A and 4B MH F1 TO MH E4) Peak Elev=216.82" Inflow=3.52 cfs 1.193 af
12.0" Round Culvert n=0.013 L=180.7" 8=0.0562 "/ Outflow=3.52 cfs 1.193 af

Pond PF10: Business 4 - Perk Filter 10 Peak Elev=221.53"' Inflow=1.20 cfs 0.405 af
10.0" Round Culvert n=0.013 L=85.6" S=0.0625"" Outflow=1 .20 cfs 0.405 af
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Pond PF11: Business 4 - Perk Filter 11 Peak Elev=221.27" Inflow=1.08 cfs 0.362 af

10.0" Round Culvert n=0.013 L=125.6' S=0.0408 /' Outflow=1.08 cfs 0.362 af

Pond PF12: Business 3 - Perk Filter 12 Peak Elev=216.88" Inflow=1.07 cfs 0.359 af
10.0" Round Culvert n=0.013 L=1.0' $=0.0100 "/ Outflow=1.07 cfs 0.350 af
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Pipe Listing (selected nodes)

Line# Node In-Invert  Out-Invert Length  Slope n  Diam/Width Height Inside-Fill
Number (feet) (feet) (feet) (ft/ft) (inches) (inches) (inches)

1 G 186.34 186.07 63.8 0.0042 0011 12.0 0.0 0.0

2 PF1B 186.50 186.34 19.0 0.0084 0013 6.0 0.0 0.0

3 PF2 186.41 186.34 18.0 0.0039 0.013 6.0 0.0 0.0
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Line G HGL Check - 100-yr
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Time span=0.00-48.00 hrs, dt=0.03 hrs, 1601 points
Runoff by SBUH method, Split Pervious/Imperv.
Reach routing by Dyn-Stor-Ind method - Pond routing by Dyn-Stor-Ind method

Subcatchment G1: Street and SW Runoff Area=19,098 sf 83.10% Impervious Runoff Depth=4.74"
Tc=5.0 min CN=80.0/98.0 Runoff=0.51 cfs 0.173 af

Subcatchment G2: Street and SW Runoff Area=13,561 sf 90.52% Impervious Runoff Depth=4.88"
Tc=5.0 min CN=80.0/98.0 Runoff=0.38 cfs 0.127 af

Subcatchment GN: Partial lot area Runoff Area=24,500 sf 26.53% Impervious Runoff Depth=3.88"
Tc=10.0 min CN=83.0/98.0 Runoff=0.52 cfs 0.182 af

Subcatchment GS: Partial lot 42-41-40-39 Runoff Area=18,500 sf 27.03% Impervious Runoff Depth=3.88"
Tc=10.0 min CN=83.0/98.0 Runoff=0.39 cfs 0.137 af

Pond G-1: G2 to G1 (69 LF) Peak Elev=188.91" Inflow=1.79 cfs 0.619 af
12.0" Round Culvert n=0.011 L=63.8' S=0.0042 /' Outflow=1.79 cfs 0.619 af

Pond PF1B: Perk Filter Peak Elev=190.15" Inflow=1.02 cfs 0.355 af
6.0" Round Culvert n=0.013 L=19.0' S=0.0084 '/ OQutflow=1.02 cfs 0.355 af

Pond PF2: Perk Filter Peak Elev=189.57" Inflow=0.76 cfs 0.264 af
6.0" Round Culvert n=0.013 L=18.0' $S=0.0039'/" OQutflow=0.76 cfs 0.264 af
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Area Listing (selected nodes)

Area CN Description
(acres) {subcatchment-numbers)

10.950 81.0 Brush (WA, WAB, WB, WBB, WC, WCB)
0.046 83.0 Drives across lawns (2 lots) - ammended (W1A)
0.138 83.0 Drives across lawns (6 lots) - ammended (W1A)
0.149 83.0 Impervious (1 at 6500) - unconnected (E2A)
0.149 98.0 Impervious (39) roof area (N2A)

0.597 83.0 Impervious (4 at 6500) - unconnected (E1A)
0.149 98.0 Impervious (40) roof area (N2A)

0.149 98.0 Impervious (41) (N3A)

0.149 98.0 Impervious (42) (N3A)

0.444 83.0 Pervious (2 lots) - ammended (W1B)

0.143 83.0 Pervious (39) ammended soil (N2B)

0.168 83.0 Pervious (40) ammended soil (N2B)

0.106 83.0 Pervious (41) ammended soils (N3B)
0.112 83.0 Pervious (42) ammended soils (N3B)
1.317 83.0 Pervious (7 lots) - ammended (W1B)

0.190 83.0 Pervious composite for unconnected (E2B)
0.298 98.0 Roofs (2 lots) (W1A)

0.746 98.0 Roofs (5 lots) (W1A)

0.268 81.0 ammended (LPD)

0.023 83.0  drive - composite CN (E2A)

0.092 83.0 drives (4 at 1000) - composite CN (E1A)
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Pipe Listing (selected nodes)

Line# Node In-Invert  Out-Invert Length  Slope n  Diam/Width Height Inside-Fill
Number (feet) (feet) (feet) (f/ft) (inches) (inches) (inches)

1 C 190.64 190.18 143 0.0322 0.013 12.0 0.0 0.0

2 C 190.73 190.30 145 0.0297 0.013 12.0 0.0 0.0

3 E 187.47 187.47 30.0 0.0000 0.013 24.0 0.0 0.0

4 E 187.98 186.06 43.0 0.0447 0013 24.0 0.0 0.0

5 G 186.06 186.06 150 0.0000 0.013 24.0 0.0 0.0

6 W-B 188.20 187.98 13.0 0.0169 0.013 12.0 0.0 0.0

7 W-B 186.06 186.06 20.0 0.0000 0.013 12.0 0.0 0.0
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Remaing areas - Routing Between Wetlands - 100yr
Parklands Final 8-26-2016-100-yr-add Offsite-HGL

Type IA 24-hr 100-yr Rainfall=5.30"

Printed 10/13/2016
Page 4

Time span=0.00-48.00 hrs, dt=0.03 hrs, 1601 points
Runoff by SBUH method, Split Pervious/imperv.
Reach routing by Dyn-Stor-Ind method - Pond routing by Dyn-Stor-Ind method

Subcatchment E1A: 4 Lots - Impervious to  Runoff Area=30,000 sf 0.00% Impervious Runoff Depth=3.45"

Subcatchment E2A: Lot 16 Impervious to

Subcatchment E2B: Lot 16-Pervious to

Tc=20.0 min

Runoff Area=7,500 sf
Tc=20.0 min

Runoff Area=8,298 sf
T¢c=20.0 min

Subcatchment LPD: Lower parking - direct Runoff Area=11,678 sf

Subcatchment N2A: Lot 39-40 from NE -

Tc=15.0 min

Tc=20.0 min

CN=83.0/0.0 Runoff=0.49 cfs (.198 af

0.00% Impervious Runoff Depth=3.45"
CN=83.0/0.0 Runoff=0.12 cfs 0.049 af

0.00% Impervious Runoff Depth=3.45"
CN=83.0/0.0 Runoff=0.13 cfs 0.055 af

0.00% Impervious Runoff Depth=3.25"
CN=81.0/0.0 Runoff=0.19 cfs 0.073 af

Runoff Area=13,000 sf 100.00% Impervious Runoff Depth=5.06"

CN=0.0/98.0 Runoff=0.31 cfs 0.126 af

Subcatchment N2B: Lots 39-40 Pervious to Runoff Area=13,564 sf 0.00% Impervious Runoff Depth=3.45"

Tc=20.0 min

CN=83.0/0.0 Runoff=0.22 cfs 0.089 af

Subcatchment N3A: 2 Lots Impervious to Runoff Area=13,000 sf 100.00% Impervious Runoff Depth=5.06"

Subcatchment N3B: 2 Lots Pervious to

Tc=20.0 min

Runoff Area=9,500 sf
Tc=20.0 min

CN=0.0/98.0 Runoff=0.31 cfs 0.126 af

0.00% Impervious Runoff Depth=3.45"
CN=83.0/0.0 Runoff=0.15 cfs 0.063 af

Subcatchment W1A: West lots to Wetland Runoff Area=53,500 sf 85.05% Impervious Runoff Depth=4.82"
Tc=20.0 min CN=83.0/98.0 Runoff=1.22 cfs 0.493 af

Subcatchment W1B: West lots to Wetland A Runoff Area=76,699 sf

Subcatchment WA: Wetland A

Subcatchment WAB: Wetland A Buffer

Subcatchment WB: Wetland B

Subcatchment WBB: Wetland B Buffer

Subcatchment WC: Wetland C

Subcatchment WCB: Wetland C Buffer

Tc=20.0 min

Runoff Area=5.970 ac
Tc=10.0 min

Runoff Area=2.000 ac
Te=10.0 min

Runoff Area=1.370 ac
Tc=10.0 min

Runoff Area=55,339 sf
Tc=10.0 min

Runoff Area=5,218 sf
T¢c=10.0 min

Runoff Area=9,573 sf
Tc=10.0 min

0.00% Impervious Runoff Depth=3.45"
CN=83.0/0.0 Runoff=1.25 cfs 0.506 af

0.00% Impervious Runoff Depth=3.25"
CN=81.0/0.0 Runoff=4.57 cfs 1.618 af

0.00% Impervious Runoff Depth=3.25"
CN=81.0/0.0 Runoff=1.53 cfs 0.542 af

0.00% Impervious Runoff Depth=3.25"
CN=81.0/0.0 Runoff=1.05 cfs 0.371 af

0.00% Impervious Runoff Depth=3.25"
CN=81.0/0.0 Runoff=0.97 cfs 0.344 af

0.00% Impervious Runoff Depth=3.25"
CN=81.0/0.0 Runoff=0.09 cfs 0.032 af

0.00% Impervious Runoff Depth=3.25"
CN=81.0/0.0 Runoff=0.17 cfs 0.060 af
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Remaing areas - Routing Between Wetlands - 100yr

Parklands Final 8-26-2016-100-yr-add Offsite-HGL Type IA 24-hr 100-yr Rainfall=5.30"
Prepared by Hewlett-Packard Company Printed 10/13/2016
HydroCAD® 10.00-15 s/n 08107 ®© 2015 HydroCAD Software Solutions LLC Page 5
Reach 41-42: Lots 41 to 42 Inflow=0.46 cfs 0.189 af

Outflow=0.46 cfs 0.188 af

Pond C: Wetland C Peak Elev=191.32' Storage=0cf Inflow=1.05cfs 0.412 af
Primary=0.58 cfs 0.230 af Secondary=0.46 cfs 0.182 af Outflow=1.05 cfs 0.412 af

Pond E: Extg culvert (S) Peak Elev=189.33' Storage=41 cf Inflow=16.68 cfs 7.325 af
Primary=9.56 cfs 5.204 af Secondary=7.13 cfs 2.121 af Outflow=16.67 cfs 7.325 af

Pond G: Extg culvert (N) Peak Elev=188.72" Storage=47 cf Inflow=11.37 cfs 4.439 af
24.0" Round Culvert n=0.013 L=15.0' $=0.0000 /" Outflow=11.37 cfs 4.438 af

Pond W-A: Wetland A Peak Elev=188.18"' Storage=1.500 af Inflow=72.99 cfs 30.244 af
Outflow=65.90 cfs 30.244 af

Pond W-B: Wetland B Peak Elev=189.26"' Storage=0.143 af Inflow=4.63 cfs 1.765 af
Primary=3.13 cfs 1.698 af Secondary=1.27 cfs 0.045 af Outflow=4.40 cfs 1.744 af
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APPENDIX C3 WATER QUALITY
C-3a PHOSPHORUS LOADING ANALYSIS
DETERMINE PERCENT PHOSPHORUS REMOVAL BASED ON AREAS

SUMMARY OF CONTRIBUTING AREAS - SEE APPENDIX D SUBBASIN AREAS
Contributing Area Treatment Condition Area AreafTotal Area|Percent
Description {ac) (ratio)

Lawn and drives to buffer No Perk Filter 4527 0.1592 15.92%
Roofs to storm No Perk Filter 3.753 0.1320 13.20%
Roofs to buffer No Perk Filter 4.277 0.1504 15.04%

Treated Area to Perk Filter 15.881 0.5584 55.84%
Total for Site* 28.438 100.0%

*includes Camas Meadows Dr. and portion of Payne Rd.

Assume buffers/wetlands will remove 40% Phosphorous Pollutant Load - Evalaute 3 Scenarios |

Scenario #1: Determine Percent Removal For Site Runoff - portion to Perk Filters and to buffer

Perk Filter 15.881 62.4% per TAPE 15.881*.624 9.91
No Perk Filter ~ 4.527 | Lawnand drives to buffer | assume average 40% 4.760* .40 1.81
Area of concerr 20,408 All Roofs assumed "clean" 11.72
percent removal 11.72/20.408
exceeds 50%
Scenario #2: Determine Percent Removal For Site Runoff - portion to Perk Filters and to buffer
Perk Filter 15.881 62.4% per TAPE 15.881*.624 991
No Perk Filter ~ 8.804 | Lawn,drives, roofs to buffer | assume average 40% 8.804*.40 3.52
24.685 Roofs to storm assumed "clean" at 3.753 ac. 13.43
percent removal 13.43/24.685
exceeds 50%

Scenario #3: Determine Percent Removal For Site Runoff - portion to Perk Filters and to buffer

Perk Filter 15.881 62.4% per TAPE 16.543*.624 9.91
No Perk Filter ~ 12.557 |Lawn, roofs, and roofs to storm|  assume average 40% 11.027*.40 5.02
28.438 include all areas 14.93

percentremoval 14.93/28.438

exceeds 50%



Exhibit 16 SP26-1005

APPENDIX C3 WATER QUALITY
C-3a PHOSPHORUS LOADING ANALYSIS
DETERMINE PERCENT PHOSPHORUS REMOVAL BASED ON AREAS

SUMMARY OF CONTRIBUTING AREAS - SEE APPENDIX D SUBBASIN AREAS
Contributing Area Treatment Condition Area AreafTotal Area|Percent
Description {ac) (ratio)

Lawn and drives to buffer No Perk Filter 4527 0.1592 15.92%
Roofs to storm No Perk Filter 3.753 0.1320 13.20%
Roofs to buffer No Perk Filter 4277 0.1504 15.04%

Treated Area to Perk Filter 15.881 0.5584 55.84%
Total for Site* 28.438 100.0%

*includes Camas Meadows Dr. and portion of Payne Rd.

Determine Minimum Percent Removal For Buffer to Satisfy 50% removal

Find for 50% removal - Scenario #1 by trial and error 10.204/20.408 | 50.0%
4.527 + 15.881 = 20.408
No Perk Filter ~ 4.527 | Lawn and drives to buffer | 6.5% | 4.527*0.065 0.294
and 15.881 + 4.277 + 3.753 = 23.911 acres considered "clean” 62.4 % portion 991
All Roofs assumed "clean” 10.204

Find for 50% removal - Scenario #2 by trial and error 12.3425/24.685] 50.0%

4527 +4.277+15881=24685 lowest level removal

No Perk Filter ~ 8.804 | 27.63% | 8.804*2763  2.4325
and 15.881 + 3.753 = 19.634 acres considered "clean” 62.4 % portion 9.91
Roofs to storm assumed "clean”, Roofs to buffers not assumed 'clean’ 12.3422
Find for 50% removal - Scenario #3 by trial and error 14.219/28.438
4.527 +4.277 +3.753 + 15.881 = 28.438 lowest level removal
No Perk Filter  12.557 | 34.3% | 12.557*.343 4.309
and only 15.881 acres considered "clean" 62.4 % portion 9.91
14.219
Notes:

1. The roof portion that goes directly to the storm system and not to the buffer is 2.835 Acres (McMaster, Longbow, and Pittock
and the roof portion from the south building (business) at 0.71 acres. This total of 3.55 acres is released at the two culverts bety
Wetland A and B. This amount of runoff is assumed to be treated in the natural wetland ponding area - about 3.37 acre surface

area. The most direct flow path through the onsite wetland is about 550 LF and then passes over another 600 LF in a shallow flo
path through mostly reed canary grass. Reed canary grass is considered an excellent treatment medium.

2. The roof areas from the other three business portions (1.03 acres) will be released to the storm system and then released froi
the dissipation system to the buffer {304 ft spread for sheet flow).



APPENDIX C WATER QUALITY
C-3b PHOSPHORUS LOADING CALCULATIONS

Reference : Pennsylvania Stormwater Best Management Practices Manaual
Chapter 8, Worksheet 12 (attached)

PREDEVELOPMENT AREA AND POLLUTANT LOADING

Pre

| 28.437 |

0.30

W

23.03

Note: 0.3 is factor for HSG C soil (silt loam, clay loam or silty clay loam)

Developed - Untreated Portion to Buffer or to Wetlands

Source Surface TP Unit Pollutant
Area EMC [Conversion Load
(ac) (mg/l) |Factor

Lots 2-10 - roofs 1.045 0.13 2.7 0.367 LBS
Lots 11-15 - roofs 0.597 0.13 2.7 0.210 LBS
Lot 16 - roof 0.149 0.13 2.7 0.052 LBS
Lots 32-38 - roofs 1.067 0.13 2.7 0.375 LBS
Lots 39-40 - roofs 0.298 0.13 2.7 0.105 LBS
Lots 41-42 - roofs 0.298 0.13 2.7 0.105 LBS
Business - roofs 4.575 0.13 2.7 1.606 LBS
Lots 2-10 - lawn/drive 0.989 0.40 2.7 1.068 LBS
Lots 11-15 - lawn/drivel 1.795 0.40 2.7 1.939 LBS
Lot 16 - lawn/drive 0.213 0.40 2.7 0.230 LBS
Lots 32-38 - lawn/drivg 0.731 0.40 2.7 0.789 LBS
Lots 39-40 - lawn/drivd 0.311 0.40 2.7 0.336 LBS
Lots 41-42 - lawn/drivg 0.218 0.40 2.7 0.235 LBS
north of parking lot 0.27 0.40 2.7 0.292 LBS

12.556 7.707 LBS
Source Surface TP Unit Pollutant

Area EMC |Conversion Load
(ac) {(mg/l) |Factor

CMD 2.763 0.33 2.7 2.462 LBS
Pittock 0.585 0.36 2.7 0.569 LBS
Business -east 2.832 0.39 2.7 2.982 LBS
Business -west 2.890 0.39 2.7 3.043 LBS
Lawn to streeet 3.652 0.40 2.7 3.944 LBS
Streets - R/W 3.159 0.36 2.7 3.0711BS

15.881 16.070 LBS

7.707 LBS

Total Post-Development Load

Total Area

28.437

treated
treated
treated
treated
treated
treated

Exhibit 16 SP26-1005
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APPENDIX C WATER QUALITY
C-3b PHOSPHORUS LOADING CALCULATIONS

DETERMINE POLLUTANT LOADING WITH TREATMENT ACCOUNTED FOR

16.07 lbs treated at 62.4% = 9.91 |bs removed 6.160 lbs remain
6.495 lbs treated at 45%* = 2.923 |bs removed 3.572 Ibs remain
Pollutant Load 9.73 LBS oK
compare Pre loading 23.03 LBS

Note that even witout treatment credit at buffer, 6.16 + 6.495 = 12.655 LBS
which is a 45% reduction from Pre loading. So buffere only needs to provide 5% redu

*Assume wetland buffer will treat 45% of phosphorus pollutant load

1. Literature search varies on removal percentages.

However, natural buffers are considered effective even for wastewater conditions.

2. Buffer widths for 0% to 8% slopes are generally listed n the 70 to 100 LF range.
The buffer width for this site is 50 LF. However, during the WQ event, the distance to
ponded water in the wetland is more than 50 feet. See attachment with contour 188

for reference.



APPENDIX D CONVEYANCE SYSTEM
D-4 REAR YARD SYSTEMS

REAR YARD SYSTEMS
Upstream Downstream Pipe Pipe Length Lot # Pipe Areato us us DS Existing | Pipe Slope
Structure [Structure & Perf L Length cntr to cntr Size System Rim Invert Invert Ground |cntr to cntr

ID ID ID (ft) (in) (sf) Elev. (ft) (ft) Elev. (ft) (ft/ft)
GR1E GR1D Y-1E 109 38 8 6,500/7,044 194.70 193.70 192.45 N/A 0.0115
GR1D GR1C Y-1D 102 37 8 6,500/4,973 193.50 192.45 191.27 N/A 0.0115
GR1C GR1B Y-1C 102 36 8 6,500/4,596 192.56 191.27 190.10 N/A 0.0115
GR1B GR1A Y-1B 95 35 8 6,500/4,603 191.75 190.10 189.01 N/A 0.0115

GR1A Y1 (90 LF) Perf from GR1IA |33&34 8 13,000/10,628 N/A 189.008 | 189.01 189+/- 0
GR2 Y2 Y-2A 116.0 39 6 6,500/1,000/6,235 194.00 192.00 191.55 193.00 0.0039
no inlet Y2 (30 If) Y-2B 12.7 40 6 6,500 N/A 191.55 191.50 193.00 0.0039
GR3 Y3 Y-3A 63.0 3 6 6,500/1,000/8,754 | 200.00 198.00 191.40 0.1048
no inlet Y3 (20 LF) Y-3B 20.0 2 6 6,500 N/A 191.40 189.30 190.80 0.1050
GR4 (SOLID) Y4 (10 LF) Y-4 15.0 4 6 6,500 195.00 193.00 191.20 192.73 0.1200
GRS (SOLID) Y5 (20 LF) Y-5 20.0 68&7 6 13,000 193.50 191.50 188.50 190.00 0.1500
GR6 (SOLID) Y6 (20 LF) Y-6 18.0 10 6 13,000 193.50 191.50 189.10 190.60 0.1333
GR7A (SOLID)| GR7B (SOLID) Y-7A 48.0 12 6 6,500 204.00 202.00 194.13 0.1640
GR7B (SOLID) Y7 (20 LF) Y-7B 20.0 11 6 6,500 196.00 194.13 191.50 193.00 0.1315
GRS (SOLID) Y8 (20 LF) Y-8 13.0 14 & 15 6 13,000 202.50 201.63 201.50 203.00 0.0100
GR9 (SOLID) Y9 (10 LF) Y-9 13.5 16 6 6,500 198.00 196.00 194.50 196.00 0.1111
GR10 (SOLID) Y10 (20 LF) Y-10 12.0 41 & 42 6 13,000 194.00 192.00 191.00 192.50 0.0833
GR11 (SOLID) Y11 (10 LF) Y-11 10.0 32 6 6,500 190.25 189.50 189.00 189.00 0.0500

REAR YARD RUNOFF SUMMARY DATA

Lot # escription of how site runoff areas are manage Lawn (sf) Drive (sf)
2 lawn, drive, and roof to GR3 See Table - GR3
3 lawn and drive as direct runoff 10,571 1,000
4 lawn and drive as direct runoff 8,516 1,000
5 lawn and drive as direct runoff 8,364 1,000
6 lawn and drive as direct runoff 8,713 1,000
7 lawnand drive as direct runoff 7,963 1,000
8 partial lawn as direct runoff 7,329
9 lawn, drive, and roof to street
10 lawn and drive as direct runoff - roof to GR6 7,543 1,000
11 lawn and drive as direct runoff - roof to GR7B 7,508 1,000
12 lawn and drive to GR7A - roof to street See Table - GR7A
13 lawn and drive as direct runoff - roof to GR7B 7,573 1,000
14 lawn and drive as direct runoff - roof to GR8 7,516 1,000
15 lawn and drive as direct runoff - roof to GR8 7,913 1,000
16 lawn and drive as direct runoff - roof to GR9 8,298 1,000
32 lawn and drive as direct runoff - roof to GR11 7,828 1,000

33t038 [See Table GR1E to GR1A
39 roof and partial lawn to GR2 See Table - GR2
40 partial lawn as direct runoff 7,329
41 partial lawn as direct runoff 4,615
42 partial lawn as direct runoff 4,885 -

Note: Not all the systems are modeled in HCAD since some with
one or two roof areas are repetitive and would have the same

output.
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wWaQ for Lots 33-38
Type IA 24-hr WQ Rainfall=1.96"
Printed 10/13/2016

Page 2

Parkiands - Rear Yards to wetiands - n=0.30 - Final
Prepared by Hewleti-Packard Company
HydroCAD® 10.00-15 s/n 08107 © 2015 HydroCAD Software Solutions LLC

Summary for Subcatchment L. 33: North lots to Wetland A

Runoff = 008cfs@ 7.99 hrs, Volume= 0.029 af, Depth> 122"
Runoff by SBUH method, Split Pervious/imperv., Time Span= 0.00-24.00 hrs, dt=0.05 hrs

Type IA 24-hr WQ Rainfall=1.96"

Area(sf) CN Description
* 8,500 98 Impervious (roof)
- 6,016 83 Remaing lawn
12,516 91 Weighted Average
6,016 83 48.07% Pervious Area
6,500 98 51.93% Impervious Area
Tc Length Slope Velocity Capacity Description
(min)  (feet) (ftH) (ft/sec) (cfs)
10.0 Direct Entry, Assumed
Summary for Subcatchment L34: North lots to Wetland A

Runoff = 008cfs@ 7.99 hrs, Volume= 0.027 af, Depth> 1.29"

Runoff by SBUH method, Spiit Pervious/imperv., Time Span= 0.00-24.00 hrs, dt= 0.05 hrs
Type |A 24-hr WQ Rainfali=1.96"

Area (sf) CN _ Description
% 6,500 98 Impervious (roof)
* 4612 83 Remaing lawn
11,112 92 Weighted Average
4612 83 41.50% Pervious Area
6,500 98 5850% Impervious Area
Tc Slope Velocity Capacity Description
(min) (feet) (ftft) (ft/sec) (cfs)
10.0 Direct Entry, Assumed
Summary for Subcatchment L35: North lots to Wetland A

Runoff = 008cfs@ 7.99 hrs, Volume= 0.027 af, Depth> 1.29"

Runoff by SBUH method, Split Pervious/imperv., Time Span= 0.00-24.00 hrs, di=0.05 hrs
Type |A 24-hr WQ Rainfali=1.96"

Area (sf) CN Description
* 6,500 98 Impervious (roof)
- 4603 83 Remaing lawn
11,103 92 Weighted Average
4603 83 41.46% Pervious Area
6,500 98 58.54% Impervious Area
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WQ for Lots 33-38
Parklands - Rear Yards to wetlands - n=0.30 - Final Type IA 24-hr WQ Rainfall=1.96"
Prepared by Hewlett-Packard Company Printed 10/13/2016
HydroCAD® 10.00-15_s/n 08107 © 2015 HydroCAD Software Solutions LLC Page 3

Tc Llength Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ftisec) (cfs)
100 Direct Entry, Assumed

Summary for Subcatchment L36: North lots to Wetland A

Runoff = 00Bcfs@ 7.99 hrs, Volume= 0.027 af, Depth> 1.29"

Runoff by SBUH method, Spiit Pervious/imperv., Time Span= 0.00-24.00 hrs, dt= 0.05 hrs
Type |A 24-hr WQ Rainfali=1.96"

Area (sf) CN Description
= 8,500 98 Impervious (roof)
* 4596 83 Remaing lawn
11,096 92 Weighted Average
4596 83 41.42% Pervious Area
6,500 98 58.58% Impervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (/) (ft/sec) (cfs)

10.0 Direct Entry, Assumed
Summary for Subcatchment L37: North lots to Wetland A

Runoff = 008cfs @ 7.99 hrs, Volume= 0.028 af, Depth> 1.27"

Runoff by SBUH method, Spiit Pervious/imperv., Time Span= 0.00-24.00 hrs, dt= 0.05 hrs
Type A 24-hr WQ Rainfaill=1.96"

Area (sf) CN Description
o 6,500 98 Impervious (roof)
* 4973 83 Remaing lawn

11473 91 Weighted Average
4,973 83 43.35% Pervious Area
6,500 98 56.65% Impervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (fifft) (ft/sec) (cfs)
100 Direct Entry, Assumed

Summary for Subcatchment L38: North lots to Wetland A
Runoff = 008cfs@ 7.99 hrs, Volume= 0.030 af, Depth> 1.17"

Runoff by SBUH method, Split Pervious/Imperv., Time Span= 0.00-24.00 hrs, dt= 0.05 hrs
Type IA 24-hr WQ Rainfall=1.96"
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WQ for Lots 33-38
Parkiands - Rear Yards to wetlands - n=0.30 - Final Type IA 24-hr WQ Rainfall=1.96"
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Area(sf) CN _Description

6,500 98 Impervious (roof) composite for unconnected

* 7,044 83 Remaining lawn
13,544 090 Weighted Average
7,044 B3 52.01% Pervious Area
6,500 98 47.99% Impervious Area
Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)
10.0 Direct Entry, Assumed
Summary for Pond Y-1A: Lots - piped to wetiand

Inflow Area = 1.626 ac, 55.05% Impervious, inflow Depth> 1.25" for WQ event
inflow = 046cfs@ 7.99 hrs, Volume= 0.169 af
Outflow = 046cfls @ 7.99 hrs, Volume= 0.169 af, Atten= 0%, Lag= 0.0 min
Primary = 046cfs @ 7.99 hrs, Volume= 0.169 af

Routing by Stor-ind method, Time Span= 0.00-24.00 hrs, dt= 0.05 hrs
Peak Elev=190.28' @ 7.99 hrs

Device Routing

Invert Qutlet Devices

#1  Primary

Primary OutFlow

189.61' 10.0" Round Culvert L=9500 Square-edged headwall, Ke=0.500
Inlet / Outlet Invert= 189.61'/ 189.16' S=0.0050"7 Cc= 0.900
n=0.013, Flow Area= 0.55 sf

Max=0.46 cfs @ 7.99 hrs HW=190.28' TW=190.15' (Fixed TW Elev= 180.15)

=Culvert (Outlet Controls 0.46 cfs @ 1.34 fps)

inflow Area =
Inflow
Qutflow

Primary

Summary for Pond Y-1B: Lots - piped to wetland
1.084 ac, 55.07% Impervious, inflow Depth > 1.25" for WQ event

031cfls@ 7.99hrs, Volume= 0.113 af
031cfs@ 7.99hrs Volume= 0.113 af, Atten=0%, Lag= 0.0 min
031cfls@ 7.99 hrs, Volume= 0.113 af

Routing by Stor-ind method, Time Span= 0.00-24.00 hrs, dt= 0.05 hrs
Peak Elev= 191.08' @ 7.99 hrs

Device Routing Invert Outlet Devices
#1  Primary 190.75"  8.0" Round Culvert L=950" Square-edged headwall, Ke= 0.500
Inlet / Outlet Invert= 190.75'/ 189.99' S=0.0080 '/ Cc=0.900
n=0.013, Flow Area= 0.35 sf
Primary OutFlow Max=0.31cfs @ 7.99 hrs HW=191.08' (Free Discharge)

T t=Cuivert (Ba

rrel Controls 0.31 cfs @ 2.57 fps)
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WQ for Lots 33-38
Parklands - Rear Yards to wetlands - n=0.30 - Final Type IA 24-hr WQ Rainfali=1.96"
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Summary for Pond Y-1C: Lots - piped to wetland
Iinflow Area = 0.829 ac, 54.00% Impervious, inflow Depth> 1.24" for WQ event
Inflow = 0.23cfs@ 7.99 hrs, Volume= 0.086 af
Outflow = 0.23cfs@ 7.99 hrs, Volume= 0.086 af, Atten=0%, Lag= 0.0 min
Primary = 023cfs@ 7.99 hrs, Volume= 0.086 af
Routing by Stor-Ind method, Time Span= 0.00-24.00 hrs, dt=0.05 hrs
Peak Elev= 19185 @ 7.98 hrs
Device Routing invert OQutlet Devices
#1 Primary 191.56' 8.0" Round Culvert L= 102.0' Square-edged headwall, Ke=0.500

Inlet / Qutlet Invert= 191.56' / 190.75' S$=0.0079'7 Cc=0.900
n=0.013, Flow Area= 0.35 sf

Primary OutFlow Max=0.23 cfs @ 7.00 hrs HW=191.85' (Free Discharge)
* 1=Cuivert (Barrel Controls 0.23 cfs @ 2.39 fps)

Summary for Pond Y-1D: Lots - piped to wetiand

Inflow Area = 0.574 ac, 51.96% Impervious, Inflow Depth> 122" for WQ event
Inflow = 0.16cfs @ 7.99 hrs, Volume= 0.058 af

Outflow = 0.16cfs @ 7.99 hrs, Volume= 0.058 af, Atten=0%, Lag= 0.0 min
Primary = 0.16cfs@ 7.99 hrs, Volume= 0.058 af

Routing by Stor-ind method, Time Span= 0.00-24.00 hrs, dt= 0.05 hrs
Peak Elev= 192.61' @ 7.99 hrs

Device Routing invert Outlet Devices
#1  Primary 192.38' 80" Round Culvert L= 102.0' Square-edged headwall, Ke= 0.500
inlet / Qutlet Invert= 192.38'/ 191.56' S=0.0080'7 Cc=0.900
n=0.013, Flow Area= 0.35 sf

Primary OutFlow Max=0.16 cfs @ 7.99 hrs HW=192.61"' (Free Discharge)
T 1=Culivert (Barre! Controis 0.16 cfs @ 2.16 fps)

Summary for Pond Y-1E: Lots - piped to wetland

Inflow Area = 0.311 ac, 47.99% Impervious, Inflow Depth> 1.17" for WQ event
Inflow = 008cfs@ 7.99 hrs, Volume= 0.030 af

Outflow = 008cfs@ 7.99 hrs, Volume= 0.030 af, Atten=0%, Lag= 0.0 min
Primary = 008cfs@ 7.99 hrs, Volume= 0.030 af

Routing by Stor-ind method, Time Span= 0.00-24.00 hrs, dt= 0.05 hrs
Peak Elev= 19342 @ 7.99 hrs

Device Routing invert Qutlet Devices
#1 Primary 19325 8.0" Round Culvert L= 1039.0' Square-edged headwall, Ke= 0.500
Inlet / Outlet invert= 193.25'  192.38° S=0.00807T Cc=0.900
n= 0.013, Flow Area=0.35 sf
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WQ for Lots 33-38
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rimary OutFlow Max=0.08 cfs @ 7.99 hrs HW=193.42' (Free Discharge)
=Cuivert (Barrel Controls 0.08 cfs @ 1.79 fps)
Summary for Pond Y1: Lots - piped to wetland
inflow Area = 1.626 ac, 55.05% Impervious, Inflow Depth > 1.25" for WQ event
Inflow = 046cfs@ 7.99 hrs, Volume= 0.169 af
Outflow = 046cfs @ 7.99 hrs, Volume= 0.169 af, Atten=0%, Lag= 0.0 min
Primary = 046cfs@ 7.99 hrs, Volume= 0.169 af
Routing by Stor-ind method, Time Span= 0.00-24.00 hrs, dt= 0.05 hrs
Peak Elev=190.15' @ 7.99 hrs
Device Routing invert Qutlet Devices
#1  Primary 189.99' Tube/Siphon/Float Valve X 0.00 Discharges@189.99'
8.000" Diameter, C=0.600 90.0' Long Tube, Hazen-Williams C= 130
#2  Primary 189.899' Special & User-Defined -Perf at 50% clogged

Head (feet) 0.00 0.17 0.50 0.67
Disch. (cfs) 0.000 0.480 1.850 2.745

Primary OutFlow Max=046 cfs @ 7.99 hrs HW=190.15 (Free Discharge)
=Tube/Siphon/Float Valve ( Controls 0.00 cfs)
2=Special & User-Defined -Perf at 50% clogged (Custom Controls 0.46 cfs)
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APPENDIX E-1 INLET CACITY SUMMARY TABLE

10-YR EVENT
INLET CAPACITY CHECK - TR 55 METHODOLOGY
Inlet No. Subcat ID Location/ Station Inlet Type Inlet Long. Slope Flow to Bypass Inflow | Total Inflow | Intercept Bypass Bypass to Spread T Depth at Depth at Curb
Condition (f/ft) Inlet Q Qs Qr (cfs) Flow Q, Flow Qg Inlet No. (ft) Curb* (ft) (ft) Include
(cfs) (cfs) (cfs) (cfs) (*less 1 Depression
inch)
PARKLANDS (10-YR EVENT)
PF-1A El, E1-9 Longbow Ln. 2'x 2 0oG 0.0320 0.23 0.00 0.23 0.23 0.00 N/A 1.80 0.02 0.10
PF-1B G1,GN Longbow Ln. 2'x 2 LP 0.0030 0.64 0.00 0.64 0.64 0.00 N/A 1.83 0.02 0.10
PF-2 G2, GS Longbow Ln. 2'x 2 LP 0.0030 0.51 0.00 0.51 0.51 0 N/A in gutter 0.00 0.07
PF-3 E3 McMaster Dr. 2'x 2 LP 0.0030 0.28 0.00 0.28 0.28 0.00 N/A in gutter 0.00 0.07
PF-4 E4 McMaster Dr. 2'x 2 LP 0.0030 0.38 0.03 0.41 0.34 0.01 N/A in gutter 0.00 0.07
PF-5 E5L,E5R McMaster Dr. 2'x 2 LP 0.0030 1.05 0.03 1.08 1.08 0 N/A 3.75 0.06 0.14
PF-6 E6 McMaster Dr. 2'x 2 0oG 0.0100 0.30 0.03 0.33 0.30 0.03 PF5 3.74 0.07 0.15
PF-7 E7 McMaster Dr. 2'x 2 0oG 0.0100 0.30 0.03 0.33 0.30 0.03 PF4 3.74 0.07 0.15
PF-8 E8 McMaster Dr. 2'x 2 0oG 0.0100 0.32 0.00 0.32 0.29 0.03 PF6 3.67 0.07 0.15
PF-9 E9 McMaster Dr. 2'x 2 0G 0.0100 0.32 0.00 0.32 0.29 0.03 PF7 3.67 0.07 0.15
PF-15 A3 Pittock Place 2'x 2 LP 0.0030 0.54 0.00 0.54 0.54 0.00 N/A 1.19 0.01 0.09
PF-18 CwWSs Camas Meadows Drive 2'x2' LP 0.0030 0.50 0.00 0.50 0.50 0.00 N/A in gutter 0.00 0.08
PF-19 CWN Camas Meadows Drive 2'x2' LP 0.0030 0.39 0.00 0.39 0.39 0.00 N/A in gutter 0.00 0.07
PF-20 CES Camas Meadows Drive 2'x2' LP 0.0030 0.45 0.00 0.45 0.45 0.00 N/A in gutter 0.00 0.07
PF-21 CEN Camas Meadows Drive 2'x2' LP 0.0030 0.48 0.00 0.48 0.48 0.00 N/A in gutter 0.00 0.08
Date: 14-Aug-16 Width of local depression: 12 inches Precipitation: 10-yr
Designed By: GME Amount of local depression (in): 1 inch below street cross-slope at gutter line

Checked By: GME * Depth of flow at curb measured from the normal cross slope
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Job Name: PARLANDS [pesign values
Job Number: Results
Date: 9/7/16 10:00 AM
Iniet Location: LONGBOW LN PF-lA

Note: Spread is based on conditions at a Combination Curb Inle

Flow Spread in Gutters
From ODOT Hydraulics Manual (3.3 Flow in Guiters)

" T
S LN iE
- T
F ) A :
R :
©
T, SR Sw
Q; = (0.56/n*Sx,)*S"%(d,2%) Q= Q;+Qw
Qw = (0.56/n*Sw)S"%(d?%-d,257) V = 2*Q/(T,2*Sx, +WA2*Sw+2*W*T,*Sx,)
Where: d = T;"Sx;+W*S;
d=T3"Sx,
Where:;
Q = Total gutter flow (cfs) T, T4, T, = Flow width in gutter (ft)
Qy, Qo, Q1 = Partial gutter flow (cfs) V = Average gutter flow velocity (fps)
Qw = Depressed gutter flow (cfs) d = Flow depth at curb (ft)
n = Manning's "n" value d, = Flow depth at break in cross siope
Sx, Sxy, Sx; = Gutter cross slope (ft/ft) Sw = Depressed gutter cross slope (ft/ft
S = Longitudinal gutter slope (ft/ft) W = Depressed gutter width (ft)

(For sump locations $=0.3%, HEC 12, Pg 72)

Assumed S - it is in vertical curve section

Q=] 023cfs Sx;=] 2.00% JPavement X-Slope

S=] 3.20% {(Longitudinal) W=} 1.00ft [Gutter Width

n=] 0.015 Sw={ 10.50% [Gutter X-Slope
Assumed S Road 1/2 Width

in Vertical curve | 14.00 ft I

Flow Spread Dist to Lane Edge
1.80 ft l 6.00 ft |
< - - Lane Width '

Design Summary
Flow Spread in Travel Lane 0.00ft Flow does not enter lane :: Design OK
Depth at Edge of Travel Lane 0.00ft Water does not enter travel lane. :: Design OF

inlet Calcs_PF-1A Flow Spread



Job Name: PARLANDS

Job Number:
Date:  9/7/16 10:00 AM
Infet Location: LONGBOW LN FFE-1A
Flow Spread (T)=} 1.80ft
Q=] 0.23cfs

S=} 3.20% V= 2141ps
Sx=f} 2.00%
n=] 0.015
a= 1.000

Exhibit 16 SP26-1005

:Design Values

Results

Check

Note: Flow spread is based on conditions at grate section

Grated Inlet Capacity Against a Curb, Ongrade Condition

Grate dimensions are for Combination Curb Inlet

Note: HEC-12, CH 7.4 states that combination curb inlets should be analysized ignoring the curb opening.
Therefore, this spreadsheet also applies to combination curb inlets.

FROM HEC-12
(Eq7) Eo=1-(1-WIT2.67
Where:
Eo = Ratio of frontal flow intercepted to total frontal flow
W = Grate width (1.67" for herringbone pattern)
T = Total flow spread

W={ 200ft

(Eq9) Rf=1-0.09*(V -Vo)
Where:

Eo= 100%

L= disance along curb face

W = dist. from curb to outer edge of grate

Rf = Ratio of frontal flow intercepted to total frontal flow

V = Velocity of flow

Vo = Splash-over Velocity (5 fps for herringbone pattern grate, WSDOT)

Rr-  100%
Qif= 023cfs
(Eq8) QsiQ=1-Eo
Where:
Qs/Q = Ratio of side flow to total flow Qs/Q = 0%
(Eq10) Rs=1/{1+(0.15"V*M.18)/(Sx*L2.3))
Where:
Rs = Ratio of side flow intercepted to total side flow
L = Grate length (2.00' for herringbone pattern)
L=f 200ft Rs= 14%
Qis= 000cfs
Grate Summary
Qi= 023cfs
0.00cfs (Flow Bypassed)

Qbp =

E 100%  Grate efficiency

inlat Cales, PF-1A

L= disance along curb face

W = dist. from curb to outer edge of grate

G. 1. Aginst Curb
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Job Name: PARLANDS [ pesign values
Job Number: Results

Date: 8/14/16 9:06 AM
inlet Location: MCMASTER DR (PF-6 and PF-7  Note: Both have same inflow.

Note: Spread is based on conditions at a Combination Curb Inle

Flow Spread in Gutters
From ODOT Hydraulics Manual (3.3 Flow in Gutters)

T
W Ts

o
©
_‘
Qs = (0.56/n"Sx3)*S"(d,>%) Q = Q;+Qw
Qw = (0.56/n*Sw)S"*(d*%"-d,*%") V = 2*QUT, 2 Sxy+WA2*Sw+2*W*T;*Sx;)
Where: d=T;*Sxz+W*S;
d=T5*Sx;
Where:
Q = Total gutter flow (cfs) T, T4, To = Flow width in gutter (ft)
Q1. Qa, Q1 = Partial gutter flow (cfs) V = Average gutter flow velocity (fps)
Qw = Depressed gutter flow (cfs) d = Flow depth at curb (ft)
n = Manning's "n" value d, = Flow depth at break in cross slope
Sx, Sx4, Sx; = Gutter cross slope (ft/ft) Sw = Depressed gutter cross slope (fi/ft
S = Longitudinal gutter slope (ft/ft) W = Depressed gutter width (ft)
{For sump locations $=0.3%, HEC 12, Pg 72)
| Note: Include bypass flow from PF-8 and PF-9 (0.03 cfs each) |

Sxz=] 2.00% JPavement X-Slope
(Longitudinal) W={ 1.00ft |Gutter Width
Sw =] 10.50% ]JGutter X-Slope

Road 1/2 Width

-~ I 14.00 ft I

Flow Spread Dist to Lane Edge

- Lane Width

:

- —

Y

\4

Design Summary
Flow Spread in Travel Lane 0.00ft Flow does not enter lane :: Design OK
Depth at Edge of Travel Lane 0.00 ft Water does not enter travel lane. :: Design Ok

Inlet Calcs_PF-6 and PF-7 Flow Spread
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Job Name: PARLANDS :Desfgn Values
Job Number: Resuilts
Date:  8/14/16 9:06 AM
Inlet Location: MCMASTER DR (PF-6 and PF-7

Check
Flow Spread (T) =[ 3.74 1t d=[C016ft ] o016
Q=f 0.33cls
S=| 1.00% V= 1121ps
Sx=] 2.00%
n=} 0015 Note: Flow spread is based on conditions at grate section
a= 1.000

Grated Inlet Capacity Against a Curb, Ongrade Condition

Grate dimensions are for Combination Curb Inlet

Note: HEC-12, CH 7.4 states that combination curb inlets should be analysized ignoring the curb opening.
Therefore, this spreadsheet also applies to combination curb inlets.

FROM HEC-12
(Eq7) Ea=1-(1-W/Ty 267 L= disance along curb face
Where:
Eo = Ratio of frontal flow intercepted to total frontal flow W = dist. from curb to outer edge of grate

W = Grate width (1.67" for herringbone pattern)
T = Total flow spread

w-[Zo7] co= a7k

(Eq9) Rf=1-0.09%V-Vo)
Where:
Rf = Ratio of frontal flow intercepted to total frontal flow
V = Velocity of flow
Vo = Splash-over Velocity (5 fps for herringbone pattern grate, WSDOT)

Vo =[[500fps ] Rf=  100%
Qif= 0.29cfs
(Eq8) QsiQ=1-Eo
Where:
Qs/Q = Ratio of side flow to total flow QsiQ = 13%

(Eq10) Rs=1/(1+ (0.15'VA1 18)/(Sx'L"2.3))

Where: L= disance along curb face
Rs = Ratio of side flow intercepied io total side flow
L = Grate length (2.00' for herringbone pattern) W = dist. from curb to outer edge of grate
L= Re=  36%
Qis= 0.01cfs
Grate Summary
Qi= 030cfs

Qbp= 0.03cfs (Flow Bypassed)
= 92% Grate efficiency

Inlat Cales_PF-6 and PF-7 G. I Aginst Curb
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Job Name: PARLANDS [ pesign values
Job Number: Results
Dafte: 8/14/16 9:06 AM
Infet Location: MCMASTER DR (PF-8 and PF-9 Note: Both have same inflow.

Note: Spread is based on conditions at a Combination Curb Inl¢

Flow Spread in Gutters
From ODOT Hydraulics Manual (3.3 Flow in Gutters)

©
-y
Qs = (0.56/n*Sx5)*S"(d,**") Q = Q;+Qw
Qw = (0.56/n*Sw)S"(d*%"-d,*°") V = 2*Q/(T52* Sxa+WA2*Sw+2*W*T;*Sx)
Where: d = T;*Sx3+W*S,
d=T4*Sxs
Where:
Q = Total gutter flow (cfs) T, Ty, T2 = Flow width in gutter (ft)
Q4, Qo, Q1 = Partial gutter flow (cfs) V = Average gutter flow velocity (fps)
Qw = Depressed gutter flow (cfs) d = Flow depth at curb (ft)
n = Manning's "n" value d, = Flow depth at break in cross slope
Sx, Sx4, Sx; = Gutter cross slope (ft/ft) Sw = Depressed gutter cross slope (ft/fi
S = Longitudinal gutter slope (ft/ft) W = Depressed gutter width (ft)

(For sump locations $=0.3%, HEC 12, Pg 72)

Q=f 0.32cfs Sxa =] 2.00% |Pavement X-Slope
S=] 1.00% }(Longitudinal) W=| 1.00ft JGutter Width
n=] 0.015 Sw =] 1050% |Gutter X-Slope
Road 1/2 Width
14.00 ft
Flow Spread Dist to Lane Edge
3.67 ft | 6.00 fi I
- - > Lane Width

Design Summary
Flow Spread in Travel Lane 0.00ft Flow does not enter lane :: Design OK
Depth at Edge of Travel Lane 0.00ft Water does not enter travel lane. :: Design Ol

Inlet Cales_PF-8 and PF-9 Flow Spread



Exhibit 16 SP26-1005

Job Name: PARLANDS :Design Values
Jab Number: 0 Resulls
Date:  8/14/16 9:06 AM
Infet Location: MCMASTER DR (PF-8 and PF-S

Flow Spread (T) =] 367 ft d=[076% ] 016
Q=} 0.32cfs
S=| 1.00% V= 111fps
Sx= 2.00%
n=} 0.015 Note: Flow spread is based on conditions at grate section
a= 1.000

Grated Inlet Capacity Against a Curb, Ongrade Condition
Grate dimensions are for Combination Curb Inlet

Note: HEC-12, CH 7.4 states that combination curb inlets should be analysized ignoring the curb opening.
Therefore, this spreadsheet also applies to combination curb inlets.

FROM HEC-12
(Eq7) Eo=1-(1-W/Ty267 L= disance along curb face
Where:
Eo = Ratio of frontal flow intercepted to total frontal flow W = dist. from curb to outer edge of grate
W = Grate width (1.67" for herringbone pattern)
T = Total flow spread
W= 200ft Eo= 88%
(EQ9) Rf=1-0.09%V - Vo)
Where:
Rf = Ratio of frontal flow intercepted to total frontal flow
V = Velocity of flow
Vo = Splash-over Velacity (5 fps for herringbone pattern grate, WSDOT)
Vo =} 5.00 fps Rf= 100%
Qif= 0.28cfs
(Eq8) Qs/Q=1-Eo
Where:
Qs/Q = Ratio of side flow to total flow Qs/Q = 12%
(Eq10) Rs=1/(1+{0.15*VA.18)/(Sx*L"2.3}))
Where: L= disance along curb face
Rs = Ratio of side flow intercepted to total side flow
L = Grate length (2.00' for herringbone pattern) W = dist. from curb to outer edge of grate
L=] 200ft Rs= 35%
Qis= 0.01cfs
Grate Summary
Qi= 029cfs
Qbp= 003cfs (Flow Bypassed)
E= 92%  Grate efficiency

Inlet Galcs_PF-8 and PF-9 G. 1 Aginst Curb
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Job Name:
Job Number:
Date:  8/14/16 8:59 AM

Grated Inlet Capacity in a Sump Condition (SAG)
Reference: MODOT
640.1.5.2 Capacity of Grate Inlets Located at Low Points in Grade

A grate type drop inlet located at a low point in grade will behave either as a weir or as an orifice, dependent upon the depth of water at the grate.
The capacity is independent of the geometric configuration of the grate.

For depths of water less than 0.4 ft. (120 mm). the capacity is governed by weir flow and may be calculated by the following equation:

Q‘i = C’rupdl_s

ere:
Q; = inlet capacity, ft'/s (m’/s)
C, = constant, 3.0 - ENGLISH (1.66 - METRIC)

p = effective perimeter of the grate, fi. (m)
d = depth of water above the top of the grate, ft. (m)

The effective perimeter can be calculated using

(when there is a curb) p = 2u !
(when there is no curb) p=2(w-+1)
where:

p = effective perimeter of the grate, ft. (m)

w = width of opening, ft. (m)

1= length of opening, ft. (m)
Only that portion of the grate's perimeter along which flow enters the inlet is considered when determining the effective perimeter.

When the depth of water exceeds 1.4 ft. (420 mm), the grate capacity is governed by orifice flow and may be calculated by the followmg equation

Q: = CoA(2gd)™*

where:

Q; = inlet capacity, it's (m3:'s)

C, = orifice coefficient = 0.67

A = clear opening area of the grate, ft* (m”)

g =322 fi/s” (9.80 m/s?)
d = depth of water above the top of the grate, ft. (m)

Reference: HEC-22

Use of equation 4-27 requires the clear area of opening of the grate. Tests of three grates for the Federal Highway Administration (27)
showed that for flat bar grates, such as the P-50x100 and P-30 grates, the clear opening is equal to the total area of the grate less the

area occupied by longitudinal and lateral bars.
The curved vane grate performed about 10 percent better than a grate with a net opening equal to the total area less the area of the bars
projected on a horizontal plane. That is, the projected area of the bars in a curved vane grate is 68 percent of the total area of the grate

leaving a net opening of 32 percent, however the grate performed as a grate with a net opening of 35 percent.

Tilt-bar grates were not tested, but exploration of the above results would indicate a net opening area of 34 percent for the
30-degree tilt-bar and zero for the 45-degree tilt-bar grate. Obviously, the 45-degree tilt-bar grate would have greater than zero capacity.

Tilt-bar and curved vane grates are not recommended for sump locations where there is a chance that operation would be as an orifice.



Job Name: Parklands

Job Number:
Date:

8/16/16 2:35 PM

Perk Filter PF-2 and PF-1B

Note: Include print of desgn info sheet

Exhibit 16 SP26-1005

KEY
[—1pesign vatues

Results

Grated Inlet Capacity in a Sump Condition - No Clogging

From HEC-12 Eq. 17 {(Weir condition)

From HEC-12 Eq. 18 (Orifice condition)

Q= CwPd"™® Q= CoA(2gd)™*
Where: Where:
Cw=30 Co= 0.67
P = Perimeter of grate {Excluding sides against curbs) A = Clear opening area of grate
d = Depth of flow g = 32.16 ft's"2
d = Depth of flow
Grate (Effective Length) Against Total Clear  Effective Effective
Inlet Description Length Width (Curb) Curb (Y/N) Opening Area Perimeter
[ PERKFEILTER 24" % 24" .75 1t 1.75 A Y DB5sf | 0.650 it 7007 | PF-2 = 0.51
See Fig. 55 (Hydraulics Manual, 1097) 35% for vaned PF-1B = 0.64
Standard Inlet Specifications Effective Dimensions CB#. PF-1B-10yr
Grate Length Grate Width Open Area Table Initial Qﬁ Actual @:  0.64 cfs
WSDOT B-30.10 (Hemingbone) 1501t 1711 054 sf Table Increment] 0.01 ofs Depthweir:  0.101t
WSDOT B-30.30 or 30.40 (Vaned) 1.25f 1311 0.57 sf
WSDOT 30.30 (Grate Inlet Type 1} A 385 2.00 ft 5.88 sf Depth orifice:  0.03
WSDOT 30.30 (Grate Inlet Type 1) B 385f 2.00 ft 5.88 sf Controlling Depm:
Inlet Performance Table inlet Performance Graph b
Q Dyvor Dorica {No clogging)
0.50cfs 0.08 1 0.02 1 10 ; : _
0.51cfs g.08ft 0021t i i e ! —
0.52¢cfs 0.08 ft 0.021 T t ; :
0.53 cfs 0.09 o021t ! !
0.54 cfs 0.09 ft 0021 | i i ]
0.55 cfs 0.09 002t i
0.56 cfs 0.09 ft 0.03 ft 1 i
0.57 cfs 0.091t 0.03 ft —
0.58 cfs 0.09 003t == S
0.59 cfs 0.09 ft 0.03ft o — |
0.60 cfs 0.091 0.03 ft Z = ‘:'__/_-_-- == e P
0.61cfs 0.0 ft 003t 5 o —— == i
0.62 cfs 0.101t 0.03 ] e |
063cls  0.10% 0.03ft A —— ] |
0.64 ofs 0.10ft 0.03ft e = = 1
0.65 ofs 0.101 003t | £ ] 5t : P
0.66 cfs 0.101 0.04 ft @ A [ |
0.67 cfs o101 0.04 ft = [ i { |
0.68 cfs 0.10# 0.04 1 / 1 |
069cls  0.10R 0.04 1 001 | / |
0.70 cfs 0.10ft 0.04 fi 7 ~ —
0.71cfs 0.10f 0.04 ft 4
0.72cfs 0111 0.04 ft i 1
0.73 cfs o11f 0.04 1t | | | m==sWei E
074 cfs 011t 0.04 ft i i — e ||
075cs  011f 0051 — % 3 3 e, fowien]
0.76 cfs 0111t 0.051 ’ e § 88 © 8§ 8 ©&8 8 8 8 2 R & 9 8
077 cfs 0111t 0051t s 6 & s &6 S & ¢ = - < - = - -
078 cfs 011 ft 005 Q (cfs)
0.79cfs 0.1 0.05 ft i
Subcatchment #'s  Sumped Inlet # Total Q (cfs) Controlling Depth Flow Spread Road
Cross
PF2 PF-2 0.51 0.08 weir  within gutter 2.00%
0.03 orifice  within gutter 2.00%
PF1B PF-1B 0.64 0.10 weir 1.83 2.00%
0.00 orifice within gutter 2.00%




Job Name: Parklands
Job Number:
Date:

B/14/16 7:52 PM
Perk Filter PF-3

Note: Include print of desgn info sheet
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KEY

:]Des.égn Values

Resulls

Grated Inlet Capacity in a Sump Condition - No Clogging

From HEC-12 Eq. 17 (Weir condition)

From HEC-12 Eq. 18 (Orifice condition)

Q= cwpPd"®
Where:
Cw=30
P = Perimeter of grate {Excluding sides against curbs)
d = Depth of flow

Q= GoA(2gd)™®
Where:
Co= 0.67
A = Clear opening area of grate
g = 32.16 f's'2
d = Depth of flow

Grate (Effective Length) Against Total Clear  Effective Effective
inlet Description Length Width (Curb) Curb (Y/N) Openin: Area Perimeter
[ PERKFILTER 24" x 24" 1.75 1t .75 11 Y 0.545 St | 0.650 it 7000t |
See Fig. 5-5 (Hydraulics Manual, 1997) for vaned
Standard Inlet Specifications Effective Dimensions CB# PF-3-10yr
Grate Length Grale Widih Open Area Table Initial @] 0.20 o5 Actual Q:  0.28cfs
WSDOT B-30.10 (Heringbone) 1.50 ft 1711t 0.54 sf Table Increment Depth weir: 0.05ft
WSDOT B-30.30 or 30.40 (Vaned) 1.25f 1311t 0.57 sf
WSDOT 30.30 (Grate Inlet Type 1) A 3851 2001 5.88 sf Depth orifice:  0.011t
WSDOT 30.30 (Grate Inlet Type 1} B 3851 2,00t 5.88 sf Contralling Deptr:[_0.05°__|
Intek Betforiance: Tabia Inlet Performance Graph
Q Gur Gviicn (No clogging)
0.20 cfs 0.04 1t 0.00 t 10 -
021 cfs 0.05 0.00# ;
0.22 cfs 0.05# 0.00 ft L
0.23 cfs 0.05ft 0.00ft i
0.24 cfs 0.05f 0.00ft !
0.25cfs 0.05ft 0.011ft
0.26 cfs 0.05 0.01# 4 :
0.27 cfs 005t 0.01ft : : e
0.98 cfs 0.06 ft 0.011t T T
0.29 cfs 0.06 ft 0.01 - i = e e
0.30cfs 0.06 ft 001t z - = it 1
0.31cfs 0.06 ft 0011 8 & g =F
0.32cfs 0.06 ft 0.01 o =T
033k 0.06f 0.01# s o == e
0.34 cfs 0.06 ft 0.01ft o T =
0.35cfs 0.07 # 0011t g_ 7
036 cfs 0.07 ft 001t @ i |
0.37 cfs 0.07 0011 Q
0.38¢cfe 0.07 0.01ft !
039 cfs 0.07 0.01f 0.01 / i
0.40 ofs 0.07 0.01# £
0.41cfs 0.07 ft 0011 V4 i
0.42 cfe 007 ft 001 I L
042 cfs 0.07 ft 0021 L |
0.44 cfs 0081 0.02 ! Oriiice |
0.45 cfs 008ft 0.02ft 0.001 i T 1 |
046 cfs 008 f 0021t = g § © 2 g =2 g 3 8§ © 8§ 8 % 8§
047 cfs 008 ft 002 ft G © © = ©8 © © & & - = < < = =
048 cfs 0.08 0.02 Q (cfs)
0.49 cfs 0.08 ft 0021t B e ]
Subcatchment#'s Sumped Inlet # Total Q {cfs) Controlling Depth Flow Spread Road
Cross
PF-3 PF-3 0.28 0.05 weir  within gutier 2.00%
0.01 orifice within gutter 2.00%



Exhibit 16 SP26-1005

Job Name: Parkland Note: Include print of desgn info sheet KEY
Job Number: |__-:____|Design Values
Date: 8/14/16 7:48 PM Resulls
Perk Filter PF-4

Grated Inlet Capacity in a Sump Condition - No Clogging

From HEC-12 Eq. 17 (Weir condition) From HEC-12 Eq. 18 (Crifice condition)
Q= cwPd™ Q= CoA(2gd)™”
Where: Where:
Cw= 30 Co = 0.67
P = Perimeter of grate (Excluding sides against curbs) A = Clear opening area of grate
d = Depth of flow g = 32.16 ft/s*2
d = Depth of flow
Grate (Effective Length) Against Total Clear  Effective Effective
Inlet Description Len: Width (Curb) Curb (Y/IN) Opening Area Perimeter
PERK FILTER 24" x 24" 1.75 1 1.75 1t Y 0.655f | 0.650 1t 7001 |
See Fig. 5-5 (Hydraulics Manual, 1997) 35% for vaned
Standard Inlet Specifications Effective Dimensions CB#.  PF-4-10yw
Grate Length Grate Width Open Area Tabe Initial Q 030 cfs Actial Q:  0.38cfs
WSDOT B-30.10 {Herringbone) 1.50 ft 1711 0.54 sf Table Increment Depth weir: 0071t
WSDOT B-30.30 or 30.40 (Vaned) 1251 1314 0.57 sf
WSDOT 30.30 (Grate Inlet Type 1) A 3851t 2.00 ft 5.88 sf Depthorifice:  0.01 4t
WSDOT 30.30 (Grate Inlet Type 1) B 3851 2001 588 st Cantrotiing Depth:[ 007 % __]
Iie Perimnes Tl Inlet Performance Graph i
Q et Gorticn {No clogging)
0.30 cfs 0.06 ft 0.0 1t 10 : —
031¢cfs 0.06 ft 0.011f i :
0.32cfs 0.06 1 0.011 i
0.33cfs 0.06ft 0.01#
0.34 cfs 0.06 ft 0.01ft
0.35¢cfs 0.07 ft 0.011t |
0.36cfs 0.07ft 0.011ft i
0aTcks 007 oot | 1 : e
0.38 cfs 0.07 ft 0.01ft T e e |
0.39cfs 0.07 ft 0011t s — = S G|
040 cfs 007 it 0.01# 2 g :
0.41 cfs 0.07 ft 0.01 ft 8 Cesawz T !
042cis 0.07 #t 0011 o lo==1"""]
0.43cfs D07 ft 0.021 E — =
044cfs 0.08 ft 0.02 ft o 2
045cis 0081t 0.02 1t g Z~
046 cfs 0.08 0.02 ft & ”
047 cfs 0.081 0.021t a /
0.48 cfs 0.08ft 0.02ft |
049 cfs 0.08 ft 0.02f 0.01 / |
0.50 ofs 0.08 1t 0.021t = -
0.51cfs 0.08 1t 0.02 7/
0.52 cfs 0.08 ft 0.0zt :
053 cfs 0.09ft 0.02 ft e
0.54 cfs 0.09 ft 0.02 ft Orifice ||
0.55cfs 0.09ft 0.02t 0.001 S o o
0.56 cfs 0.09 1t 0.031t s g 8 § 8§ B8 B B8 § 8 2 § § % 8
0.57 ofs 0.00t 0.03 1t S 8 ©® = = S s = & < < = = T =
0.58 cfs 0.09 0.03 Q (cfs)
0.59 cfs 0,09 fi 0.03 ft L
Subcatchment #'s  Sumped Inlet # Total Q (cfs) Controlling Depth Flow Spread Road
Cross
PF-4 PF-4 0.38 0.07 weir in gutter 2.00%

0.01 orifice  in gutter 2.00%



Exhibit 16 SP26-1005

Job Name: Parklands Note: Include print of desgn info sheet KEY
Job Number: ED\‘-‘S@" Values
Date: 8/14/16 3:06 PM /-—»\..-\! Results
Perk Filter PF-5 S Check 100-yr Flow 3
Grated Inlet Capacity in a Sump Condition - No Clogging
From HEG-12 Eq. 17 {Weir condition) From HEC-12 Eq. 18 (Orifice condition)
Q= cwPd™ Q= CoA{2gd)™*
Where: Where:
Cw= 30 Co= 0.67
P = Perimeter of grate (Excluding sides against curbs) A = Clear opening area of grate
d = Depth of flow g= 32.16 t/s"2
d = Depth of flow
Grate (Effective Length) Against Total Clear  Effective Effective
Inlet Description Length Width (Curb) Curb (Y/N) Opening Area Perimeter
[ PERK FILTER 24" x 24" 175 1.75 1t Y 0655t | 0.6501 7001 | *Note: 50% reduction
Ses Fig. 5-5 (Hydraulics Manual, 1997) "~ 35% for vaned
Standard Infet Specifications Effective Dimensions CB#: PF-5- 10041
Grate Length Grate Widih Open Area Table Initial Q| 0.90 cfs Actual Q:  1.61¢cfs
WSDOT B-30.10 (Herringbone) 150t 1711 0.54 sf Table Increment| Depth weir: 0151t
WSDOT B-30.30 or 30.40 (Vaned) 125 1311t 0.57 sf
WSDOT 30.30 (Grate Inlet Type 1) A 3851 2001 5.88 sf Depthorifice:  0.12f
WSDOT 30.30 (Grate Intet Type 1) B 3851 2001 5.88 sf Controlling Depth:[__ 0151 ]
Inlet Performance Table Inlet Performance Graph
Q Do ertica (No clogging)
0.90 cfs 0.12% 0.07 1L 10 : — |
0.91¢cfs 0121t 0.07ft i
0.92cfs 0121 0.07 ft - i
093cfs 0.13ft 0.07 ft |
0.94 cfs 0.13# 0.07 ft
0.95 cfs 0131t 0.07 ft
0.96 cfs 0.13ft 0081t 5
0.97 cfs 0131 0081t R ]
098 cfs 0131t 0.081 — - s
0.99 cfs 0.3 Mt 0.08 ft . = =
1.00 ofs 0131 0.08 ft = § e i et
1016is 0131 .08t B T e i
1.02 cfs 0131t 0.09ft L] el |
1.03 ofs 013t 0.09 t = o1 = = = =
1.04cfs 013t 0.09 o a2t = !
1.05cls 0.14 1 0.09t "E s 2 =y
1.06 cfs 0.14 ft 009t e 4 i
1.07 cfs 014t 009 R a / |
1.08cfs 0.14 ft 0.10ft
1.00 cfs 0141 010f 001 | / 5
1.10cfs 0.14 1 0.10ft — I 2 i
1.11cfs 0.14 it 0.10 1t 7 |
1.120fs 0.141t 0.101 i -
1.13cfs 0141 0.10 - Weir z
1.14 cfs 014 #t 0111t Orifica ||
1.45¢cfs D.14ft WRER 0.001 e
116 cfs 0151 0111t s § 8 © 8 8 & 8 % 8 = 8% 8 % 3§ i
1.17 cfs 0151t 011t ! < = P = = = a a a - = - < - - i
1.18 cfs 0151t 0111t | Q (cfs)
1.19 cfs 015 0.12 # i
Subcatchment #s Sumped Inlet # Total Q (cfs) Controlling Depth Flow Spread Road
Cross
PF-5 PF-5 1.61 0.15 weir 7.38 2.00%

0.12 orifice 5.80 2.00%



Job Name: Parklands
Job Number:
Date:

8/14/16 7:49 PM
Perk Filter PF-5

Note: Include print of desgn info sheet

Grated Inlet Capacity in a Sump Condition - No Clogging

From HEC-12 Eq. 17 (Weir condition)

Exhibit 16 SP26-1005

KEY
Design Values
Results

From HEC-12 Eq. 18 (Qrifice conditicn)

Q- cwPd™ Q= GoA(zgd)™
Where: Where:
Cw= 3.0 Co= 067
P = Perimeter of grate (Excluding sides against curbs) A = Clear cpening area of grate
d = Depth of flow g = 32.16 ftls*2
d = Depth of flow
Grate (Effective Length) Against Total Clear  Effective Effective
Inlet Description Length Width (Curb) Curb (Y/N) Opening Area Perimeter
[TPERKFL FiL-TERﬂ_ZA" % 24" 175 1 1750 v 0.65sf | 0.650 7001 |
See Fig. 5-5 (Hydraulics Manual, 1997) 35% for vaned
Standard Inlet Specifications Effective Dimensions CB#:  PF-5-10yr
Grais Length ___ Grate Widih Open Arca Table Initial aw Actual Q: 108 ofs
WSDOT B-30.10 (Hemingbone) 1.50 it 1.71# 0.54 sf Table Increment] 0.01 cfs Depth weir: 0.14 1t
WSDOT B-30.30 or 30.40 (Vaned) 1251 1311 0.57 sf
WSDOT 30.30 (Grate Inlet Type 1) A 3.85# 2001t 588 sf Depth orifice: 0,10 ft
WSDOT 30.30 (Grate Inlet Type 1) B 3851 200t 5.88 st Controlling Deptn:[ 014w ]
gt Pecsiercs | 2o i Inlet Performance Graph
Q i iid {No clogging)
090 cfs 0121t 0071t 10 T =)
091 cfs 0.12 1 0.07 ft — T
0.02cfs 012 0.07 ft !
0.93cfs 0.131 0.07 £ i
0.94 cfs 0131t 0.07 ft
D.95cfs 013# 0.07 ft |
0.95 cfs 0131t 0.08 1 i
0.97 cfs 0.13ft 0.08 ft — ——
0.98 cfs 0131t 0.08 ft — —
099cfs 013t 0.08 ft - = S e
1.00 cfs 0.131t 0081t Z g R e 4 !
1.01 ofs 0131 0.08 ft g s = =1
1.02cfs 013 ft 0.0t = o=
103 0.3 0091t 201 e —
104 cfs 0.13# 0.09 o e —
1.05¢fs 0141 0.09ft s e i
1.06 cfs 0141t 0.09 1t @
1.07 cfs 0141t 0.091t e /
1.08 cfs 0.14 0.10ft |
109cks  0.14ft 0.10ft 001 |/ 5
1.10cfs D141 0101 —F ——
111 cfs 0.14 ft 0.10 ft 7‘
1.12cfs 0.14 0.101 i 2 —
113¢efs 0141 0.10# e O
1.14cfs 0.14 ft 011ft l | | ==———oOrifice i;
1.15cfs 0.14 011 R | | I i j
116 cfs 0.5 .11 000t o———"2"¢ § 8 & & & 8 ® & B T =§
117 ofs 0151 0111t s 5 & © 6 & S S & - - T T T T
118 cfs 0151t 0111 Q (cfs)
1.19 cis 0.15ft 0.12 ft P
Subcatchment #'s  Sumped Inlet # Total Q (cfs) Controlling Depth Flow Spread Road
Cross
PF-5 PF-5 1.08 0.14 weir 3.75 2.00%
0.10 orifice 162 2.00%



Exhibit 16 SP26-1005

Job Name: Parkiands Note: Include print of desgn info sheet KEY
Job Number: :DeSign Values
Date: 8/14/16 8:12 PM Low Point McMaster Dr. Resulfs

Perk Filter PF-5

add 0.09 bypass from PF-6

Grated Inlet Capacity in a Sump Condition - Assume 50% Clogged

From HEC-12 Eq. 17 (Weir condition) From HEC+12 Eq. 18 (Qrifice condition)
Q= cwPd™ Q= CoA(2gd)*
Where: Where:
Cw= 3.0 Co = 0.67
P = Perimeter of grate (Excluding sides against curbs) A = Clear opening area of grate
d = Depth of flow g= 32.16 f's"2
d = Depth of flow
Grate (Effective Length) Against Total Clear *Reduced *Reduced
__Inlet Description Length Width (Curb) Curb (Y/N) Opening Area Perimeter
[ PERK FILIER 24" x 24" 1751t 1751 Y 065sf | 04251 3501 | *Note: 50% reduction
See Fig. 5-5 (Hydraulics Manual, 1997) 35% for vaned
Standard Inlet Specifications Effective Dimensions CB#: PF-5-100-yr
Grate Length Grate Width Open Area Table Initial @] 0.90 cfs Actual Q:  1.70cfs
WSDOT B-30.10 (Herringbone) 1.50 ft 1711 0.54 sf Table Increment Depth weir: 0.231
WSDOT B-30.30 or 30.40 (Vaned) 1.251t 1311t 0.57 sf
WSDOT 30.30 (Grate Inlet Type 1) A 34851t 2.00 ft 5.88 sf Depth orifice: 0.46 ft
WSDOT 30.30 (Grate Inlet Type 1} B 385t 2001t 5.88 sf Controfing Depth:[ 046w ]
Inlet Performance Table Inlet Performance Graph
Q oo Gorrcn {Using 50% Plugged Values)
0.90 cfs 0.19ft 0.27 ft W0 — i =g : i
0.91 cfs 0.20 1t 0.27 ft = ] ;
0.92 cfs 0.20 1 0281 e
0.93 cfs 0.20 ft 0.28 ft =
0.94 cfs 0.20ft 029t
0.95cfs 0.20 1t 0.30 |
0.96 cfs 0.20 0.30 ft 1 | |
0.97 cfs 0.201t 031# ]
0.98 cfs 0211t 0.31ft
0.99cfs 021ft 0321t — = |
1.00 cfs 0.21# 0.33ft 1 g R e = i
1.01¢fs 021t 0331 ] ____-7;--“:"
1.02cfs 021t 034t g Jes—r=s /
1.03 ofs 0z1ft 0351 = o1 — — =
1.04cfs ozift 0351 o = 2
1.05 cfs 0221t 0.36 ft % 7
1.06 cfs 0zz2ft 037 #t 3 B
1.07 ofs 0221t 0.38 ft Q L i
1.08 cfs 0.22 1t 0.38 |
1.00 cfs 0221t 0391t 0.01 / L
110 cfs 0.22 ft 0.40 ft / ! i
111 chs 022t 0.40 1t 7 i i |
1.12cfs 0.22 ft 0.41# ! | !
143 cis 023# 0421t ' ———ewer [
114 cfs 0.23# 0438 ——orifice || |
1.15cfs 0.23ft 043# o001 L—1 ] | o] |
1.16 cfs 023 ft 0.44 ft ’ =] 2 g g =) 2 =] g 2 = =l 9 ] g 2 i
1.17 ofs 0.23ft 0451 s o ©6 © © © ¢ 6 6 - = T = T % i
1.18cfs 0.23 0.46 ft i Q (cfs)
1.19 ¢ls 023 0.46 ft i
Subcatchment #'s Sumped Inlet #'s Total Q (cfs) Controlling Depth Flow Spread Road
Cross
PF-5 PF-5 1.70 0.23 weir 8.54 2.00%
0.46 orifice 20.05 2.00%
Find flow for 14 fi spread condition (see 0.28 in chart) 1.02 0.34 orifice 14.00 2.00%

Note: Overflow to Inlet PF-3 and PF-4 (also low point inlets) would occur at 14 ft spread.
So overflow would be 1.70 cfs - 1.02 cfs = 0.68 cfs and PF-3 100-yr flow is only 0.40 cfs and PF-4, 100-yr flow is only 0.57 cfs*
PF-4 does have some bypass flow from PF-7, as well.

These two low point inlets have the same 1.02 cfs capacity as PF-5, or a total of 2.04 cfs
(0.40 + 0.57+0.09 bypass from PF-7)+ overflow from PF-5 = 1.74 cfs Less than 2.04 cfs, so OK.
Conservative, as this evaluation represents worst case with all three inlets at 50% clogged.



Exhibit 16 SP26-1005

Job Name: Parklands Note: Include print of desgn info shest KEY
Job Number: l lDesign Values
Date: 8/14/16 4:.07 PM Resulls

Perk Filter PF-15

Grated Inlet Capacity in a Sump Condition - No Clogging

From HEC-12 Eq. 17 (Weir condition) From HEC~12 Eq. 18 (Orifice condition)
Q= cwPd"™ Q = CoA(2gd)™®
Where: Where:
Cw= 30 Co= 0.67
P = Penimeter of grate (Excluding sides against curbs) A = Clear opening area of grate
d = Depth of flow g = 32.16 fifs*2
d = Depth of flow
Grate (Effective Length) Against Total Clear  Effective Effective
Infet Description Length Width (Curb) Curb (Y/N) Opening Area Perimeter
mﬁm—m 7 175 ft Y 065t | O0650F  7.00f |
See Fig. 5-5 (Hydraulics Manual, 1997) 359 for vaned
Standard Inlet Specifications Effective Dimensions CB#. PF-15- 10yr
Grale Length___ Grate Widih Open Area Table Initial q Acual Q. D.54cls
WSDOT B-30.10 (Herringbone) 1.50 ft 171k 0.54 sf Table Increment} 0.01 cfs Depthweir  0.09ft
WSDOT B-30.30 or 30.40 (Vaned) 1256 1314 0.57 sf
WSDOT 30.30 (Grate Inlet Type 1) A 3851t 2.00 ft 5.88 sf Depth orifice:  0.021ft
WSDOT 30.30 (Grate Inlet Type 1) B 385 200 % 5.88 sf Controliing Deptn-[__0.09f ]
t
Mtk eriumancs tonh | Inlet Performance Graph !
- S st ! {No clogging) }
0.50 cfs 0.08 1t 0.0z 1t 10 . .
051cfs 0.08 0.021 + : |
0.52cfs 0.081# 0.021 s !
0.53 cfs 0.09 1t 0.02 f i
054 cfs 0.091t 0.021t !
0.55 cfs 0.09 1t 0021 !
0.56 cfs 0.09f 0.03 1t 1 !
0.57 cfs 0.001ft 0.03 11 i e
0.58 cfs 009 ft 0.03 j —=] !
0.59cfs 0.09 ft 0.03 1t - T — = Tire el
0.60 cfs 0.09 1t 0031t 2 1 il P P s
0.61cfs 0.09ft 0.03 ft k] e o i !
0.62 cfs 0.10 ft 0.031t L et= T |
063cfs 0.0 0.031t A = — —
0.64 cfs 0.101t 0.03ft o =
0.65cfs 0.10 1 0.03 ft fé_ /7
0.66 cfs 0.101 0.04 ft 7
0.67 cfs 0101 0.041 a i
0.68 cfs 0.10ft 0.04 t |
069¢c/s  0.10% 0041t 001 | /]
0.70 cfs o.10f 0.04 ft = - |
0.71¢fs 0.101t 0.041 7/ i
0.72cfs a11ft 0.041 o
0.73 cfs 011 ft 0.04 = oz VWi |
0.74 cfs o.Mt 0.04 ft i —— Orifice
0.75cfs 011t 0.05f 0.001 I
0.76 ofs 0.1 1 0051t ’ e 8 8 § 8§ © & 8 88 8§ © \® 8 § =8
0.77cfs 0111 0.05 ft =] e e < S = = s =] o S = = £ =
0.78 cfs 0111t 0.05ft Q (cfs)
0.79 cfs 0.11 ft 0.051 L i
Subcatchment#'s  Sumped Inlet # Total Q (cfs) Controlling Depth Flow Spread Road
Cross
PF-15 PF-15 0.54 0.09 weir 1.19 2.00%

0.02 orifice  within gutter 2.00%



Exhibit 16 SP26-1005

Job Name: Parkiands Note: Include print of desgn info sheet KEY
Job Number: [:Des)’gn Values
Date: 9/7/16 10:06 AM Results

Perk Filter PF-18,19, 20, & PF-21

Grated Inlet Capacity in a Sump Condition - No Clogging

From HEG-12 Eq. 17 (Weir condition) From HEC-~12 Eq. 18 (Qrifice condition)
Q= CwPd™ Q= CoA(2gd)™®
Where: Where:
Cw= 30 Co= 067
P = Perimeter of grate (Excluding sides against curbs) A = Clear opening area of grate
d = Depth of flow g = 32.16 ft/s"2
d = Depth of flow
Grate (Effective Length) Against Total Clear  Effective  Effective PF-18 = 0.50
Inlet Description Length Width 1i(iurl:a)_ Curb (YIN}) i Area Perimeter PF-19=0.39
[ PERKFILTER 24" x 24" T.75 1t 175 R Y O.Es%sf T Ges0f . 7.00ft | PF-20 = 0.43
See Fig. 5-5 (Hydraulics Manual, 1997) 35% for vaned PF-21=0.48
Standard Inlet Specification: Effective Dimensions CB#:  PF-2- 10yr
Grate Length Grate Width Gpen Area Table Initial o Actual @ 0.50 cfs
WSDOT B-30.10 {Herringbone) 1501 1.711 0.54 sf Table Increment{ 0.01 cfs Depth weir: 0.08 ft
WSDOT B8-30.30 or 30.40 (Vaned) 1.25f 1311t 0.57 sf
WSDOT 30.30 (Grate Infet Type 1) A 385f 2001t 5.88 sf Depth orifice:  0.02t
WSDOT 30.30 (Grate Infet Type 1) B 385H 200t 5.88 sf Controlling Depth:__D.08%__]
Inlet Performance Table ] Inlet Performance Graph !
a e Grtea i (No clogaing) 5
0.30 cfs 0061t 0011 i 10 — » !
03tcis 0.06f 001 ft { - ] i
0.32cfs 0081 o.01ft | i Pl
0.33 cfe 0061t 0011t [ LHLE [
034cfs 0061t 001t ! ! |
035cfe 007 001 { |
0.36 cfs 007 ft 0.01# i 1 i e - 3
037 cfs 007 f 001t [ 5 !
0.38 cfs 007 & 0011t | i i
039 cfs 0071t 001t b = H
0.40 efs 007 & 001t = ,—ﬁ':: NS RISV S |
0.41 cofs 0.07 ft 0.01# -E BT L = !
0.42 cfs 007 ft 0.01ft | (o el P |
043cls  007R 0021 | 2 01 =z > : ‘
044 ofs 0.08 R 002 ft © d [ I |
0.45cfs 0.08 ft 0021 £ 7 ]
0.46 cfs 0.08ft 0.02 3 [ /" i [
0.47 cfs 0.08 1t 002 a : i
0.48 cfs 008t 002 / i {
049cfs  00Bf 002# 0.01 / | ; E
050 cfs 008t 0021t >, - !
051 cfs 0.08 ft 0021t / ] i
0.52 cfs 0.08 1t 0.02# i i
053 cls 0.09 ft 0.02f | | | ===-wer |
0.54 cfs 0.09ft 002 ft ] i Orifice i
0.55cfs 0.09 ft 0.02# 0.001 i ! : i ! ||
0.56 cfs 0.09 ft 003f ’ e g 8 § B8 8 & 8 & 8 © 8 8 8§ 8 i
057 cfs 0091t 003t < £~ (=3 < o o =3 < o ~ - - ~ - -~
0.58 cfs 009 0031t Q (cfs)
0.59 cfs 0.09 ft 0.03 ft | ]
Subcatchment#'s Sumped Inlet #s Total Q (cfs) Controlling Depth Flow Spread Road
Cross
Ccws PF-18 0.50 0.08 weir  within gutter 2.00%
0.02 orifice  within gutter 2.00%
CWN PF-19 0.39 0.07 weir  within gutter 2.00%
0.01 orifice  within gutter 2.00%
CES PF-20 0.43 0.07 weir  within gutter 2.00%
0.01 orifice  within gutter 2.00%
CEN PF-21 0.48 0.08 weir  within gutter 2.00%

0.02 orifice  within gutter 2.00%
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X

10BT)

Street Pervious Area

Parking Pervious Area

Street Imperviol

BIAT) ——D |PF14

[Parking Impervious Area

Reach

Perk Filter 14 to MH A2

Area
A-3 Q_PW )
Pj’i Pittock PL Lower parking (imperv)
/ /
A2 PF16 —D
MH A3 TO MH A2 Perk filter #16 Stilling Well 1 &
q--V
AZTOMHAIA &
MH A1B
N
B-1| < B2 Perk Filter 19

e

MH B1 - CMD and MH B2 to MH B1 F18
Village (MH B1 TO MH P
A2)
Perk Fiftéi&
CwWsS
Street, sidewalk,
landscape
- LINE AEE
| Link Routing Diagram for Parklands Final 8-26-2016-10-yr
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Parklands Final 8-26-2016-10-yr Type IA 24-hr 10-yr Rainfall=3.80"
Prepared by Hewleti-Packard Company Printed 9/7/2016
HydroCAD® 10.00-15 s/n 08107 _© 2015 HydroCAD Software Solutions LLC Page 1

Summary for Reach A-3: PF-15 Pittock PI.

Inflow Area = 0.687 ac, 66.25% Impervious, Inflow Depth = 3.16" for 10-yr event
Inflow = 054cfs @ 7.90 hrs, Volume= 0.181 af
Outflow = 054cfs@ 7.91hrs, Volume= 0.181 af, Atten= 0%, Lag= 0.5 min

Routing by Dyn-Stor-Ind method, Time Span= 0.00-48.00 hrs, dt= 0.03 hrs
Max. Velocity= 2.58 fps, Min. Travel Time= 0.7 min
Avg. Velocity = 1.45 fps, Avg. Travel Time= 1.2 min

Peak Storage= 22 cf @ 7.91 hrs
Average Depth at Peak Storage= 0.34'
Bank-Full Depth= 0.83' Flow Area= 0.5 sf, Capacity= 1.54 cfs

10.0" Round Pipe

n=0.013

Length= 107.0' Slope= 0.0050 /'

Inlet Invert= 201.36", Outlet invert= 200.83'

Summary for Reach PF14: Perk Filter 14 to MH A2

Inflow Area = 0.829 ac, 85.71% Impervious, Inflow Depth= 3.34" for 10-yr event
inflow = 0.68cfs@ 7.90 hrs, Volume= 0.230 af
Outflow = 0.68cfs@ 7.90 hrs, Volume= 0.230 af, Atten=0%, Lag= 0.0 min

Routing by Dyn-Stor-Ind method, Time Span= 0.00-48.00 hrs, dt= 0.03 hrs
Max. Velocity= 3.57 fps, Min. Travel Time= 0.0 min
Avg. Velocity = 2.05 fps, Avg. Travel Time= 0.1 min

Peak Storage= 2 cf @ 7.90 hrs
Average Depth at Peak Storage= 0.36
Bank-Full Depth= 0.67' Flow Area= 0.3 sf, Capacity= 1.21 cfs

8.0" Round Pipe

n=0.013

Length=8.0' Slope= 0.0100"/

inlet Invert= 212.80', Outlet Invert= 212.72'
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Summary for Reach PF16: Perk filter #16

Inflow Area = 0.484 ac, 93.53% Impervious, Inflow Depth = 347" for 10-yr event
Inflow = 042cfs@ 7.89 hrs, Volume= 0.140 af
QOutflow = 0.42cfs@ 7.89 hrs, Volume= 0.140 af, Atten= 0%, Lag= 0.0 min

Routing by Dyn-Stor-Ind method, Time Span= 0.00-48.00 hrs, dt= 0.03 hrs
Max. Velocity= 3.15 fps, Min. Travel Time= 0.0 min
Avg. Velocity = 1.79 fps, Avg. Travel Time= 0.1 min

Peak Storage= 1 cf @ 7.89 hrs
Average Depth at Peak Storage= 0.27"

Bank-Full Depth= 0.67' Flow Area= 0.3 sf, Capacity=1.21 cfs

8.0" Round Pipe

n=0.013

Length=8.0' Slope=0.0100""

Inlet Invert= 296.17', Qutlet invert= 296.09

Summary for Reach PF18: Perk Filter 18

Inflow Area = 0.692 ac, 73.27% Impervious, Inflow Depth = 3.14" for 10-yr event
Inflow = 050cfs@ 7.98 hrs, Volume= 0.181 af
Outflow = 050cfs@ 7.98 hrs, Volume= 0.181 af, Atten=0%, Lag= 0.1 min

Routing by Dyn-Stor-Ind method, Time Span= 0.00-48.00 hrs, dt= 0.03 hrs
Max. Velocity= 4.92 fps, Min. Travel Time= 0.1 min
Avg. Velocity = 2.77 fps, Avg. Travel Time= 0.2 min

Peak Storage= 3 ¢f @ 7.98 hrs
Average Depth at Peak Storage= 0.20'

Bank-Full Depth= 0.83" Flow Area= 0.5 sf, Capacity= 3.90 cfs

10.0" Round Pipe

n=0.013

Length= 30.0' Siope= 0.0317 '/

Inlet Invert= 216.64', Outlet Invert= 215.69
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Summary for Reach PF19: Perk Filter 19

Inflow Area = 0.511 ac, 82.63% Impervious, Inflow Depth = 3.29" for 10-yr event
Inflow = 039cfs@ 7.98 hrs, Volume= 0.140 af
Qutflow = 0.39cfs@ 7.98 hrs, Volume= 0.140 af, Atten= 0%, Lag= 0.1 min

Routing by Dyn-Stor-Ind method, Time Span= 0.00-48.00 hrs, dt= 0.03 hrs
Max. Velocity= 4.57 fps, Min. Travel Time= 0.1 min
Avg. Velocity = 2.57 fps, Avg. Travel Time= 0.2 min

Peak Storage= 3 cf @ 7.98 hrs
Average Depth at Peak Storage= 0.18'
Bank-Full Depth=0.83' Flow Area= 0.5 sf, Capacity= 3.90 cfs

10.0" Round Pipe

n=0.013

Length= 30.0' Slope= 0.0317 "/

Inlet Invert= 216.64", Outlet Invert= 215.69'
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Summary for Reach PF 20: Perk Filter 20

Inflow Area = 0.598 ac, 72.87% Impervious, Inflow Depth= 3.11" for 10-yr event
Inflow = 043cfs@ 7.98 hrs, Volume= 0.155 af
Qutflow = 043cfs@ 7.98 hrs, Volume= 0.155 af, Atten=0%, Lag= 0.0 min

Routing by Dyn-Stor-Ind method, Time Span= 0.00-48.00 hrs, dt=0.03 hrs
Max. Velocity= 5.53 fps, Min. Travel Time= 0.1 min
Avg. Velocity = 3.11 fps, Avg. Travel Time= 0.1 min

Peak Storage= 2 cf @ 7.98 hrs
Average Depth at Peak Storage= 0.17"
Rank-Full Depth= 0.83' Flow Area= 0.5 sf, Capacity=4.90 cfs

10.0" Round Pipe

n=0.013

Length=23.6' Slope= 0.0500 "/

Inlet Invert= 225.19", Outlet Invert= 224.01°

Summary for Reach PF 21: Perk Filter 21

Inflow Area = 0.633 ac, 81.52% Impervious, Inflow Depth = 3.25" for 10-yr event
Inflow = 048cfs@ 7.98 hrs, Volume= 0.172 af
Outflow = 048cfs @ 7.98 hrs, Volume= 0.172 af, Atten= 0%, Lag= 0.0 min

Routing by Dyn-Stor-Ind method, Time Span= 0.00-48.00 hrs, dt=0.03 hrs
Max. Velocity= 6.87 fps, Min. Travel Time= 0.1 min
Avg. Velocity = 3.86 fps, Avg. Travel Time= 0.1 min

Peak Storage= 2 cf @ 7.98 hrs
Average Depth at Peak Storage= 0.15'
Bank-Full Depth= 0.83' Flow Area= 0.5 sf, Capacity=6.37 cfs

10.0" Round Pipe

n=0.013

Length= 24.0' Slope= 0.0846 "'

Inlet Invert= 226.02", Outlet Invert= 223.99'
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Summary for Reach PF13: Perk Filter #13

Inflow Area = 0.601 ac, 83.31% Impervious, Inflow Depth = 3.30" for 10-yr event
Inflow = 049cfs @ 7.90 hrs, Volume= 0.165 af
Outflow = 049cfs@ 7.90 hrs, Volume= 0.165 af, Atten= 0%, Lag= 0.1 min

Routing by Dyn-Stor-Ind method, Time Span= 0.00-48.00 hrs, dt= 0.03 hrs
Max. Velocity= 7.25 fps, Min. Travel Time= 0.1 min
Avg. Velocity = 4.06 fps, Avg. Travel Time= 0.3 min

Peak Storage=4 ¢f @ 7.90 hrs
Average Depth at Peak Storage= 0.16’
Bank-Full Depth= 0.67' Flow Area= 0.3 sf, Capacity= 3.63 cfs

8.0" Round Pipe

n=0.013

Length=65.0' Slope=0.0903 '/

Inlet Invert= 211.87", Outlet Invert= 206.00'

Summary for Reach PF17: Perk Filter #17

Inflow Area = 0.540 ac, 96.88% Impervious, Inflow Depth = 3.52" for 10-yr event
Inflow = 047 cfs@ 7.89 hrs, Volume= 0.158 af
Outflow = 047 cfs@ 7.89 hrs, Volume= 0.158 af, Atten=0%, Lag= 0.0 min

Routing by Dyn-Stor-Ind method, Time Span= 0.00-48.00 hrs, dt= 0.03 hrs
Max. Velocity= 12.88 fps, Min. Travel Time= 0.0 min
Avg. Velocity = 7.20 fps, Avg. Travel Time= 0.0 min

Peak Storage= 1 ¢f @ 7.89 hrs
Average Depth at Peak Storage= 0.11'
Bank-Full Depth= 0.67" Flow Area= 0.3 sf, Capacity= 8.28 cfs

8.0" Round Pipe

n=0.013

Length=20.0" Slope= 0.4690

Inlet Invert= 199.05', Outlet Invert= 189.67"
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Summary for Reach PF1A: Perk Filter 1A

Inflow Area = 0.344 ac, 45.85% Impervious, Inflow Depth = 2.77" for 10-yr event
Inflow = 023cfs@ 7.96 hrs, Volume= 0.079 af
Outflow = 023cfs@ 7.96 hrs, Volume= 0.079 af, Atten= 0%, Lag= 0.1 min

Routing by Dyn-Stor-Ind method, Time Span= 0.00-48.00 hrs, dt= 0.03 hrs
Max. Velocity= 4.36 fps, Min. Travel Time= 0.1 min
Avg. Velocity = 2.44 fps, Avg. Travel Time= 0.2 min

Peak Storage= 1cf @ 7.96 hrs
Average Depth at Peak Storage= 0.14'
Bank-Full Depth= 0.67' Flow Area= 0.3 sf, Capacity=2.43 cfs

8.0" Round Pipe

n=0.013

Length=26.0' Slope= 0.0404 '/

inlet Invert= 188 52", Qutlet Invert= 187.47"

Summary for Reach PF3: Perk Fiiter

inflow Area = 0.336 ac, 87.33% Impervious, Inflow Depth = 3.35" for 10-yr event
Inflow = 0.28cfs@ 7.89 hrs, Volume= 0.094 af
Outflow = 0.28cfs@ 7.89 hrs, Volume= 0.094 af, Atten=0%, Lag= 0.1 min

Routing by Dyn-Stor-Ind method, Time Span= 0.00-48.00 hrs, dt= 0.03 hrs
Max. Velocity= 2.14 fps, Min. Travel Time= 0.1 min
Avg. Velocity = 1.22 fps, Avg. Travel Time= 0.2 min

Peak Storage= 2 cf @ 7.89 hrs
Average Depth at Peak Storage= 0.27'
Bank-Full Depth= 0.67" Flow Area= 0.3 sf, Capacity= 0.83 cfs

8.0" Round Pipe

n=0.013

Length= 15.0" Slope= 0.0047 '/

Inlet Invert= 199.47", Outlet Invert= 199.40'
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Summary for Reach PF4: Perk Filter

Inflow Area = 0.541 ac, 58.09% Impervious, Inflow Depth = 2.86" for 10-yr event
Inflow = 038cfs@ 7.91hrs, Volume= 0.129 af
Qutflow = 038cfs@ 7.91 hrs, Volume= 0.129 af, Atten=0%, Lag= 0.0 min

Routing by Dyn-Stor-Ind method, Time Span= 0.00-48.00 hrs, dt= 0.03 hrs
Max. Velocity= 2.37 fps, Min. Travel Time= 0.1 min
Avg. Velocity = 1.37 fps, Avg. Travel Time= 0.1 min

Peak Storage=2 cf @ 7.91 hrs
Average Depth at Peak Storage= 0.31'
Bank-Full Depth= 0.67' Flow Area= 0.3 sf, Capacity= 0.85 cfs

8.0" Round Pipe

n=0.013

Length= 10.0" Slope= 0.0050 /'

Inlet Invert= 198.38', Outlet Invert= 198.33'

Summary for Reach PF5: Perk Filter

Inflow Area = 1.727 ac, 35.49% Impervious, Inflow Depth= 2.76" for 10-yr event
inflow = 1.05cfs@ 8.00 hrs, Volume= 0.398 af
Qutflow = 1.05cfs@ 8.00 hrs, Volume= 0.398 af, Atten= 0%, Lag= 0.0 min

Routing by Dyn-Stor-Ind method, Time Span= 0.00-48.00 hrs, dt= 0.03 hrs
Max. Velocity= 3.77 fps, Min. Travel Time= 0.1 min
Avg. Velocity = 2.24 fps, Avg. Travel Time= 0.1 min

Peak Storage= 4 cf @ 8.00 hrs
Average Depth at Peak Storage= 0.50'

Bank-Full Depth= 0.67' Flow Area= 0.3 sf, Capacity= 1.16 cfs

8.0" Round Pipe

n=0.013

Length= 13.0' Slope=0.0092 '/

Inlet Invert= 198.41", Outlet Invert= 198.29'
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Summary for Reach PF6: Perk Filter

Inflow Area = 0.509 ac, 28.21% Impervious, Inflow Depth = 2.69" for 10-yr event
Inflow = 0.30cfs @ 8.00 hrs, Volume= 0.114 af
Outflow = 0.30cfs @ 8.00 hrs, Volume= 0.114 af, Atten= 0%, Lag= 0.1 min

Routing by Dyn-Stor-Ind method, Time Span= 0.00-48.00 hrs, dt= 0.03 hrs
Max. Velocity= 2.24 fps, Min. Travel Time= 0.1 min
Avg. Velocity = 1.26 fps, Avg. Travel Time= 0.2 min

Peak Storage= 2 cf @ 8.00 hrs
Average Depth at Peak Storage= 0.27'
Bank-Full Depth= 0.67" Flow Area= 0.3 sf, Capacity= 0.85 cfs

8.0" Round Pipe

n=0.013

Length= 12.0' Slope= 0.0050 /'

Inlet Invert= 210.21", Qutlet Invert= 210.15'

Summary for Reach PF7: Perk Filter

Inflow Area = 0.508 ac, 28.29% Impervious, Inflow Depth= 2.69" for 10-yr event
Inflow = 0.30cfs@ 8.00 hrs, Volume= 0.114 af
Outflow = 030cfs@ 8.00 hrs, Volume= 0.114 af, Atten= 0%, Lag= 0.0 min

Routing by Dyn-Stor-ind method, Time Span= 0.00-48.00 hrs, di= 0.03 hrs
Max. Velocity= 2.39 fps, Min. Travel Time= 0.1 min
Avg. Velocity = 1.35 fps, Avg. Travel Time= 0.1 min

Peak Storage= 1 cf @ 8.00 hrs
Average Depth at Peak Storage= 0.26'
Bank-Full Depth= 0.67' Flow Area= 0.3 sf, Capacity= 0.94 cfs

8.0" Round Pipe

n=0.013

Length= 10.0' Slope= 0.0060 'f

Inlet Invert= 210.21", Outlet Invert= 210.15'
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Summary for Reach PF8: Perk Filter

inflow Area = 0.560 ac, 22.57% Impervious, Inflow Depth = 2.63" for 10-yr event
inflow = 0.32cfs@ 8.00 hrs, Volume= 0.123 af
Outflow = 032cfs@ 8.00 hrs, Volume= 0.123 af, Atten= 0%, Lag= 0.1 min

Routing by Dyn-Stor-Ind method, Time Span= 0.00-48.00 hrs, dt= 0.03 hrs
Max. Velocity= 2.28 fps, Min. Travel Time= 0.1 min
Avg. Velocity = 1.28 fps, Avg. Travel Time= 0.2 min

Peak Storage= 2 c¢f @ 8.00 hrs
Average Depth at Peak Storage= 0.28'
Bank-Full Depth= 0.67' Flow Area= 0.3 sf, Capacity= 0.85 cfs

8.0" Round Pipe

n=0.013

Length= 12.0' Slope= 0.0050 '/

Inlet Invert= 212.21", Outlet Invert=212.15’

Summary for Reach PF9: Perk Filter

Inflow Area = 0.560 ac, 22.57% Impervious, Inflow Depth = 2.63" for 10-yr event
Inflow = 0.32cfs@ 8.00 hrs, Volume= 0.123 af
Outflow = 0.32cfs @ 8.00 hrs, Volume= 0.123 af, Atten=0%, Lag= 0.0 min

Routing by Dyn-Stor-ind method, Time Span= 0.00-48.00 hrs, dt= 0.03 hrs
Max. Velocity= 2.44 fps, Min. Travel Time= 0.1 min
Avg. Velocity = 1.37 fps, Avg. Travel Time= 0.1 min

Peak Storage= 1 cf @ 8.00 hrs
Average Depth at Peak Storage= 0.27'
Bank-Full Depth= 0.67" Flow Area= 0.3 sf, Capacity= 0.94 cfs

8.0" Round Pipe

n=0.013

Length= 10.0' Slope= 0.0060 /'

Inlet Invert= 212.21', Outlet Invert= 212.15'
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Summary for Pond PF1B: Perk Filter

Inflow Area = 0.932 ac, 55.10% Impervious, Inflow Depth = 2.89" for 10-yr event
Inflow = 064cfs@ 7.95hrs, Volume= 0.225 af

Outflow = 064cfs@ 7.95 hrs, Volume= 0.225 af, Atten= 0%, Lag= 0.0 min
Primary = 064cfs@ 7.95hrs, Voiume= 0.225 af

Routing by Dyn-Stor-Ind method, Time Span= 0.00-48.00 hrs, dt= 0.03 hrs
Peak Elev= 188.65" @ 7.99 hrs

Device Routing Invert Outlet Devices

#1  Primary 186.50' 6.0" Round Culvert L=11.0" Square-edged headwall, Ke= 0.500
Inlet / Outlet Invert= 186.50' / 186.43' S=0.0064"/ Cc=0.900

n= 0.013, Flow Area= 0.20 sf

K_mary OutFlow Max=0.63 cfs @ 7.95 hrs HW=188.63' TW=188.19" (Dynamic Tailwater)
1=Culvert (Inlet Controls 0.63 cfs @ 3.19 fps)

Summary for Pond PF2: Perk Filter

Inflow Area = 0.736 ac, 53.88% Impervious, Inflow Depth = 2.89" for 10-yr event
inflow = 051cfs @ 7.95 hrs, Volume= 0.177 af

Qutflow = 051cfs@ 7.95 hrs, Volume= 0.177 af, Atten= 0%, Lag= 0.0 min
Primary = 051cfs@ 7.95 hrs, Volume= 0.177 af

Routing by Dyn-Stor-Ind method, Time Span= 0.00-48.00 hrs, dt= 0.03 hrs
Peak Elev= 188.48' @ 8.00 hrs

Device Routing Invert Outlet Devices
#1  Primary 186.41' 6.0" Round Culvert L=13.0' Square-edged headwall, Ke= 0.500
Inlet / Outlet Invert= 186.41'/ 186.36' S=0.0038 '/ Cc=0.900
n= 0.013, Flow Area= 0.20 sf

Primary OutFlow Max=0.48 cfs @ 7.95 hrs HW=188.45' TW=188.19' (Dynamic Tailwater)
*_1=Culvert (Inlet Controls 0.48 cfs @ 2.47 fps)
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APPENDIX E-2 CATCH BASIN DESIGN COMMENTS

8.2 Catch Basin Locations

Catch basins and inlets are required at the following locations:

1. At any low point in the roadway or curb returns at intersections.
» This criteria has been met.

2. Where any roadway transitions from a crown section to a shed section to prevent gutter flow
from flowing across the roadway.

> N/A
3. Such that a maximum of 400 linear feet of paved street is collected by a single catch basin.
> Inlet calcs. provided

4, Inlets shall be used at intersections to prevent street cross-flow, which could cause pedestrian or
vehicular hazards. It is desirable to intercept 100 percent of any potential street cross-flow under
these conditions. Intersection inlets should be placed on tangent curb sections near corners. Catch
basins and inlets shall be placed so that water will not accumulate on walking surfaces per ADA
guidelines.

» This criteria has been met

5. In sag vertical curves, where significant ponding may occur, flanking inlets shall be placed to limit
spread on low gradient approaches to the level point. The flanking inlets are intended to provide
relief if the inlet at the low point becomes clogged or if the design spread is exceeded.

» Flanking inlets are not proposed. Inlet calcs. with 50% assumed clogging have been made for
the 100-yr event.

6. Combination inlets or curb opening inlets shall be used in sag locations. Grate inlets are not
allowed because of their tendency to become clogged.

» Combination inlets are not proposed. The inlets are part of the Perk Filter units and are 24” x
24" grates.

7. Combination curb inlets are required on slopes greater than 10 percent or when necessary to
prevent bypass flow from crossing an ADA ramp. Curb ramps and their approaches shall be
designed so that water will not accumulate on walking surfaces per ADA guidelines.

» Calculations to determine bypass have been provided and accounted for at downslope
structures.
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X~-B, CORPS QF ENGINEERS STILLING WELL

The design of this type of stilling well energy dissipator
is based on model tests conducted by the Corps of Engineers.
(X-B-1 and 2)

The dissipator has application where debris is not a serious
problem. It will operate with moderate to high concentra-
tions of sand and silt but is not recommended for areas where
quantities of large floating or rolling debris is expected
unless suitable debris—control structures are utilized. Its
greatest potential, as far as highways are concerned, is at
the outfalls of storm drains, median, and pipe down drains
where little debris is expected. It may also be useful as a
temporary erosion control device during construction.

Design Recommendations

The design is straightforward. Once the size and discharge

of the incoming pipe are determined, figure X-B-1 is used

to select the stilling well diameter (Dwy)- The model tests
jindicated that satisfactory performance can be maintained

for 0/D°/? ratios as large as 10.0, with stilling well dia-
meters of one, two, three, and five times that of the incoming
conduits. These ratios were used to define the curves shown
in figure X-B-l.

The tests also indicated that there is an optimum depth of
stilling well below the invert of the incoming pipe. This
depth is determined by entering figure X-B-2 with the slope
of the incoming pipe and using the stilling well diameter (Dw)
previously obtained from figure X-B-1l.

The height of the stilling well above the invert is fixed

at twice the diameter of the incoming pipe (2D). This
dimension results in satisfactory operation and is practical
from a cost standpoint; however, if increased, greater effi-

ciency will result.

Tajilwater also increases the efficiency of the gtilling well.
Whenever possible, it should be located in a sump or depressed
area. '

It is recommended that riprap or other types of channel pro-—

tection be provided around the stilling well outlet and for
a distance of at least 3Dy downstream.

X-B~1
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The outlet may also be covered with a scCreen Or grate for
safety. However, the screen or grate should have a clear
opening area of at least 75 percent of the total stilling
well area and be capable of passing small floating debris
such as cans and bottles.

Design Procedures

(1) Select approach pipe diameter (D) and discharge (Q).
(2) Obtain well diameter (D,) from figure X-B-l.

(3) Calculate the culvert slope = (Vertical/horizontal
distance). The depth of the well below the culvert invert (hj)
is determined from figure X-B-2.

{(4) The depth of the well above the culvert invert (hs)
is equal to 2(D) as a minimum but may be greater if the site
permits.

(5) The total height of the well (hy) = hj+hj.

Example Problem

Given: 24" CMP downdrain on a 2:1 slope carrying 2
Q = 15 cfs _

Find: Stilling well dimensions

Solution:

(1) D=2 £t., Q=15 cfs .

(2) From figure X-B-1 Dy=1.5D=3 ft.

(3) sSlope=1/2=.5, h1/Dy=.42 from figure X=B=2
hi=.42(3.0)=1.26 ft., Use h3=1.3 ft.

(4) ho=2(D)=2(2)=4 ft.

(5) hyg= hi1+hp=1.3+4=5.3 ft.

X=-B-1. IMPACT~TYPE ENERGY DISSIPATOR FOR STORM-DRAINAGE
OUTFALLS STILLING WELL DESIGN, U. S. Army Corps of
Engineers, Technical Report No. 2-620 March 1963,
WES, Vickshurg, Mississippi.

X=B=2. Grace, J. L., Pickering, G. A., EVALUATION OF

THREE ENERGY DISSIPATORS FOR STORM DRAIN OUTLETS,
U.S. Army WES, HRB 1971, Washington, D.C.

X-B=-2
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E-3 ENERGY DISSIPATOR MANHOLE DESIGN

MH C1 - SW3
Job Name: Parklands
Job Number:
Date: 9/5/16 2:22 PM

Location: Main Outfall - Line C (MH C1) (use same size for MH Al and MH A1B)

Stilling Well Design

LineC (Q100 is 19.73 cfs) SW3
Reference: HEC #14, pages X-B-1 thru X-B-4

Design Procedure
1. Determine approach pipe diameterter (D) and discharge (Q). (Q1g0 is @about 19.7cfs)
2. Determine Well Diameter (Dyy) from figure X-B-1.
3. Calculte the culvert slope.
Determine the depth of the well below the culvert invert from figure X-B-2.
4. The depth of the well above the the culvert invert (h2) is equal to 2(D) .
as a minimum but may be greater if the site permits
5. The total height of the well is (hw) = hy+h,.

Stilling Well Design

SW3
Given figure X-B-1 | figure X-B-2 | min =2 x (D) | = hy+h,
Step 1 Step 1 Step 3 Step 2 Step 3, part 2 Step 4 Step 5
D Q Slope (s) Dw h, h, hy,
(ft) (cfs) % (ft) (ft) (ft) (ft)
15 19.7 7.42 4.00 2.00 3.00 5.00
Assumptions 4D* use 2 ft instead of 0.32**

*but use 2.67D = 3 ft, since Ny s peing increased

Step 3, part 2
| * find 4D per Fig. X-B-1 | **Erom Fig. X-B-2 get approx. 0.08 ratio |
** Find minimum hy:

and, hy/D,, - 2 divided by 4 = h,= Dyxratio= 0.32ft

larger than 0.32, OK | Try 2.0 ft for design |




APPENDIX E-4 FLOW DISSIPATION SYSTEM
FOR STORM LINE A AND LINE C

Perforated Pipe Dissipation System

Exhibit 16 SP26-1005

The input for modeling the perf pipe dissipation system was developed from rating tables published in
an Advanced Drainage System (ADS) publication “Hydraulics Brochure” — outflow From Perforated Pipe
2.105. The published data is in gpm and has been converted to cfs. The data for the 24 inch perf pipe
was derived by multiplying the data for an 18” pipe by a factor of 1.33. This is the increase in perforation
area/LF in increasing from 18” to 24”. The tabulated data was reduced by 50% to account for possible
blockage from the rock aggregate placed around the 24 inch perf pipe.

The rating tables are based on a horizontal profile, so this system on a slight slope would have a better
outflow rate than in input flow data per stage. The results indicate that the system can adequately
manage the inflow. The spread length for the outflow is 180 ft plus 124 ft = 304 LF.

Note: This data is directly from ADS "Hyraulics Brochure" - Outflow from
perforated Pipe 2.105 (Qin cfs has been added)

Head (H) | Pipe Dia. | Discharge (Q) Q Head (H) | Pipe Dia. Discharge (Q) Q

(inches) | (inches) (gpm/ft) (cfs/ft) (inches) | (inches) (gpm/ft) (cfs/ft)
0 6 0.17 0.0004 0 8 0.12 0.0003
2 6 4.06 0.0091 2 8 4.81 0.0107
4 6 9.13 0.0204 4 8 10.92 0.0244
6 6 15.36 0.0343 6 8 18.43 0.0411
8 6 22.77 0.0508 8 8 27.35 0.0610
10 6 31.36 0.0699 10 8 37.69 0.0840
12 6 41.12 0.0917 12 8 49.43 0.1102
14 6 52.05 0.1161 14 8 62.59 0.1396
16 6 64.15 0.1431 16 8 77.16 0.1721
18 6 77.43 0.1727 18 8 93.13 0.2077

20 8 110.52 0.2465

Head (H) | Pipe Dia. | Discharge (Q) Q Head (H) | Pipe Dia. Discharge (Q) Q

(inches) | (inches) (gpm/ft) (cfs/ft) (inches) | (inches) (gpm/ft) (cfs/ft)
0 10 0.06 0.0001 0 12 -0.05 -0.0001
2 10 3.02 0.0067 2 12 2.60 0.0058
4 10 6.39 0.0142 4 12 5.93 0.0132
6 10 10.17 0.0227 6 12 9.96 0.0222
8 10 14.34 0.0320 8 12 14.68 0.0327
10 10 18.92 0.0422 10 12 20.09 0.0448
12 10 23.89 0.0533 12 12 26.20 0.0584
14 10 29.27 0.0653 14 12 32.99 0.0736
16 10 35.05 0.0782 16 12 40.48 0.0903

Page 1 0of 2




APPENDIX E-4 FLOW DISSIPATION SYSTEM
FOR STORM LINE A AND LINE C

Exhibit 16 SP26-1005

18 10 41.23 0.0919 18 12 48.67 0.1085
20 10 47.82 0.1066 20 12 57.54 0.1283
22 10 54.80 0.1222 22 12 67.11 0.1497
24 12 77.37 0.1725
Head (H) | Pipe Dia. | Discharge (Q) Q Head (H) | Pipe Dia. | Discharge (Q) Q
(inches) | (inches) (gpm/ft) (cfs/ft) (inches) | (inches) (gpm/ft) (cfs/ft)
0 15 0.04 0.0001 0 18 0.04 0.0001
2 15 2.25 0.0050 2 18 2.51 0.0056
4 15 5.02 0.0112 4 18 5.96 0.0133
6 15 8.34 0.0186 6 18 10.37 0.0231
8 15 12.21 0.0272 8 18 15.76 0.0351
10 15 16.64 0.0371 10 18 22.11 0.0493
12 15 21.63 0.0482 12 18 29.42 0.0656
14 15 27.18 0.0606 14 18 37.71 0.0841
16 15 33.28 0.0742 16 18 46.96 0.1047
18 15 39.93 0.0890 18 18 57.19 0.1275
20 15 47.14 0.1051 20 18 68.38 0.1525
22 15 5491 0.1224 22 18 80.53 0.1796
24 15 63.24 0.1410 24 18 93.66 0.2089
26 15 72.12 0.1608 26 18 107.75 0.2403
28 18 122.82 0.2739
30 18 138.85 0.3096
HCAD ID - PP represents input for 304 LF of 24" perf pipe
Head (H) | Pipe Dia. | Discharge (Q) Q Mult. by | Assume
(inches) | (inches) (gpm/ft) (cfs/ft) 304 LF 50% Flow
(cfs) (cfs)
0 24 0.05 0.0001 0.036147 | 0.018073
2 24 3.35 0.0075 2.268205 | 1.134103
4 24 7.94 0.0177 5.385857 | 2.692929
6 24 13.82 0.0308 9.371031 | 4.685515
8 24 21.01 0.0468 14.2418 | 7.120899
10 24 29.47 0.0657 19.98009 | 9.990043
12 24 39.22 0.0875 26.58589 | 13.29295
14 24 50.27 0.1121 34.0773 17.03865
16 24 62.60 0.1396 42.43622 | 21.21811
18 24 76.23 0.1700 51.68074 | 25.84037
20 24 91.15 0.2033 61.79277 | 30.89639
22 24 107.35 0.2394 72.77233 | 36.38617
24 24 124.85 0.2784 84.63748 | 42.31874
26 24 143.63 0.3203 97.37016 | 48.68508
28 24 163.72 0.3651 110.9884 | 55.49421
30 24 185.09 0.4127 125.4742 | 62.73711

Page 2 of 2
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24 INCH PERF PIPE

’\\_’”
Subcat Reach ﬂ_ink Routing Diagram for Parklands Final 8-12-2016
| Prepared by Hewlett-Packard Company, Printed 8/15/2016

HydroCAD® 10.00-15 sin 08107 © 2015 HydroCAD Software Solutions LLC
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Parklands Final 8-25-2016-100-yr Type IA 24-hr 100-yr Rainfall=5.30"
Prepared by Hewlett-Packard Company Printed 9/7/2016
HydroCAD® 10.00-15_s/n 08107 © 2015 HydroCAD Soffware Solutions LLC Page 1

Summary for Pond PP: 24 INCH PERF PIPE

inflow Area = 38.351 ac, 36.72% Impervious, Inflow Depth = 4.14" for 100-yr event
Inflow = 3694cfs@ 7.97 hrs, Volume= 13.229 af

Outflow = 3691cfs@ 7.97 hrs, Volume= 13.229 af, Atten=0%, Lag= 0.1 min
Primary = 3691 cfs@ 7.97 hrs, Volume= 13.229 af

Routing by Dyn-Stor-Ind method, Time Span= 0.00-48.00 hrs, dt= 0.03 hrs
Peak Flev= 192.81' @ 7.97 hrs Surf.Area= 0.013 ac Storage= 0.008 af

Plug-Flow detention time= (not calculated: outflow precedes inflow)
Center-of-Mass det. time= 0.0 min ( 710.9 - 710.9)

Volume invert Avail.Storage Storage Description
#1 192.00" 0.013 af 24.0" Round Pipe Storage
L= 180.0' S=0.0028""
#2 191.50° 0.009 af 24.0" Round Pipe Storage

L=124.0' S=0.0040""
0.022 af Total Available Storage

Device Routing Invert OQutlet Devices
#1  Primary 191.00' Special & User-Defined
Elev. (feet) 191.00 192.00 193.00 193.50
Disch. (cfs) 0.000 13.290 42.320 62.740

Primary OutFlow Max=36.86 cfs @ 7.97 hrs HW=192.81' TW=188.12" (Dynamic Tailwater)
T_1=Special & User-Defined (Custom Controls 36.86 cfs)
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APPENDIX F

Appendix F Offsite Analysis

Note: some flow from Payne road has been added to the model. The difference in depth for
the Post analysis is only about 0.01 ft, so this file has not been updated.
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APPENDIX F OFFSITE ANALYSIS

The hydraulics/hydrology analysis for this project has determined that development as
proposed will not have a significant adverse impact on the downstream and\or upstream
drainage system.

The offsite flow path (about 600 LF to Lacamas Lake) was determined from LiDAR data. This
data provides spot elevations, from which, cross sections across the flow path route could be
developed and input for modeling. The following results were determined.

Historic and Post-development Full Build
Summary of HydroCAD results for 100-yr,24-hr event

Cross-section Depth of Flow Depth Max. Velocity Post Full Build
ID (ft) Increase (ft) Max/Ave.
(fps)
Extg Post
CHand CP (26R) | 0.96 | 1.29 0.33 0.73/0.27
DHand DP(25R) | 1.29 | 1.54 0.25 0.28/0.11
EH and EP (24R) 0.54 | 0.67 0.13 2.00/0.85
FHand FP(23R) | 049 | 0.65 0.16 1.76/0.62
Notes:

1) The apparent control channel section CH/CP is about 0.25 feet above the low spot elevation.
near the property line for the site.

2) There is an effective hydraulic slope to this cross section through the wetland at 0.0025 ft/ft
(1.07 ft in 434 LF.

3) The listed velocity along the flow path is below erosive velocities for grass lined flow regimes.

The LiDAR map info with cross section locations and 1Ds — see on following pages.

Page lof1
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23R

outflow from site

24R

/

outflow from site

25R

utflow from site

26R

outflow from site
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Wetland A

@
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> |27L |
L/\’/

2 hr travel time (assume
0.05 fps)
r XS]V EG
Reach d l Link Routing Diagram for Parklands - per Survey
Prepared by Hewlett-Packard Company, Printed 8/17/2016
HydroCAD® 10.00-15 s/n 08107 © 2015 HydroCAD Software Solutions LLC
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Parklands - per Survey Type IA 24-hr 100-yr Rainfall=5.30"
Prepared by Hewlett-Packard Company Printed 8/17/2016
HydroCAD® 10.00-15 s/n 08107 _© 2015 HydroCAD Software Solutions LLC Page 2

Summary for Reach 23R: outflow from site

Inflow Area = 77.960 ac, 0.00% Impervious, Inflow Depth = 3.25" for 100-yr event
inflow = 2561 cfs@ 11.42 hrs, Volume= 21.126 af
Outflow = 2561 cfs@ 11.49 hrs, Volume= 21.126 af, Atten= 0%, Lag= 4.3 min

Routing by Stor-Ind+Trans method, Time Span= 0.00-48.00 hrs, dt=0.03 hrs / 3
Max. Velocity= 1.42 fps, Min. Travel Time= 2.5 min
Avg. Velocity = 0.67 fps, Avg. Travel Time= 5.4 min

Peak Storage= 3,881 cf @ 11.45 hrs
Average Depth at Peak Storage= 0.49'
Bank-Full Depth= 0.76' Flow Area= 38.3 sf, Capacity=75.41 cfs

Custom cross-section, Length=215.0' Slope= 0.0045"
Constant n= 0.030
Inlet Invert= 185.77', Qutlet Invert= 184.80'

Offset Elevation Chan.Depth

(feet) (feet) (feet)
-12.00 186.53 0.00
0.00 186.19 0.34
10.00 186.02 0.51
20.00 185.89 0.64
30.00 185.99 0.54
40.00 185.77 0.76
50.00 185.90 0.63
60.00 186.19 0.34
72.00 186.53 0.00
Depth End Area  Perim. Storage Discharge
(feet) {sg-ft) ({feet) (cubic-feet) (cfs)
0.00 0.0 0.0 0 0.00
0.12 0.9 14.7 190 0.45
0.13 1.0 17.7 224 0.53
0.22 3.7 40.8 790 2.46
0.25 49 44 1 1,064 3.83
0.42 13.8 60.0 2,967 17.24

0.76 38.3 84.0 8,230 75.41
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Parklands - per Survey Type IA 24-hr 100-yr Rainfall=5.30"
Prepared by Hewlett-Packard Company Printed 8/17/2016
HydroCAD® 10.00-15 s/n 08107 © 2015 HydroCAD Software Solutions LLC Page 3

Summary for Reach 24R: outflow from site

Inflow Area = 77.960 ac, 0.00% Impervious, Inflow Depth = 3.25" for 100-yr event
Inflow = 2563 cfs @ 11.33 hrs, Volume= 21.126 af
Outflow = 2561cfs @ 11.42 hrs, Volume= 21.126 af, Atten=0%, Lag= 5.4 min

Routing by Stor-Ind+Trans method, Time Span= 0.00-48.00 hrs, dt= 0.03 hrs I3
Max. Velocity= 1.68 fps, Min. Travel Time= 2.2 min
Avg. Velocity = 0.86 fps, Avg. Travel Time= 4.3 min

Peak Storage= 3,448 cf @ 11.38 hrs
Average Depth at Peak Storage= 0.54°
Bank-Full Depth= 0.90' Flow Area= 46.8 sf, Capacity= 122.25 cfs

Custom cross-section, Length=225.0' Slope= 0.0077 '/
Constant n= 0.030
Inlet Invert= 187.51", Qutlet Invert= 185.77"

Offset Elevation Chan.Depth

(feet) (feet) (feet)
0.00 188.41 0.00
10.00 188.14 0.27
11.54 188.06 0.35
20.00 187.51 0.90
30.00 187.75 0.66
40.00 187.63 0.78
50.00 188.04 0.37
60.00 188.08 0.33
70.00 187.97 0.44
80.00 187.75 0.66
90.00 188.14 0.27
101.00 188.41 0.00
Depth End Area  Perim. Storage Discharge
(feet) (sg-ft) (feet) (cubic-feet) (cfs)
0.00 0.0 0.0 0 0.00
0.12 04 6.9 93 .27
0.24 24 26.6 544 2.14
0.46 11.0 51.0 2,466 17.11
0.53 14.9 62.0 3,355 25.07
0.55 16.2 69.6 3,651 26.77
0.57 17.7 773 3,982 29.01
0.63 224 80.0 5,043 41.79

0.90 46.8 101.0 10,541 122.25
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Parklands - per Survey Type IA 24-hr 100-yr Rainfall=5.30"
Prepared by Hewlett-Packard Company Printed 8/17/2016
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Summary for Reach 25R: outflow from site

Inflow Area = 77.960 ac, 0.00% Impervious, Inflow Depth= 3.25" for 100-yr event
Inflow = 2566 cfs @ 11.09 hrs, Volume= 21.126 af
Outflow = 2563 cfs @ 11.33 hrs, Volume= 21.126 af, Atten= 0%, Lag= 14.1 min

Routing by Stor-Ind+Trans method, Time Span= 0.00-48.00 hrs, dt= 0.03hrs/3
Max. Velocity= 0.21 fps, Min. Travel Time= 8.6 min
Avg. Velocity = 0.11 fps, Avg. Travel Time= 16.3 min

Peak Storage= 13,299 cf @ 11.18 hrs
Average Depth at Peak Storage= 1.29'
Bank-Full Depth= 2.09' Flow Area= 338.4 sf, Capacity= 134.98 cfs

Custom cross-section, Length=110.0° Slope= 0.0001"/" (105 Elevation Intervals)
Constant n= 0.040
Inlet Invert= 186.91', Outlet Invert= 186.90'

Offset Elevation Chan.Depth

(feet) (feet) (feet)
-153.00 189.00 0.00
-138.00 188.00 1.00

0.00 187.93 1.07

10.00 187.42 1.58

20.00 187.59 1.41

30.00 187.68 1.32

40.00 187.81 1.19

50.00 187.52 1.48

60.00 187.61 1.39

70.00 187.59 1.41

80.00 187.03 1.97

90.00 186.91 2.09

100.00 186.99 2.01
110.00 187.39 1.61
116.75 187.93 1.07
120.00 188.19 0.81

130.00 189.00 0.00
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Parklands - per Survey Type IA 24-hr 100-yr Rainfall=5.30"

Prepared by Hewlett-Packard Company Printed 8/17/2016
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Depth End Area  Perim. Storage Discharge
(feet) (sq-ft) (feet) (cubic-feet) (cfs)
0.00 0.0 0.0 0 0.00
0.08 0.7 16.7 74 0.03
0.12 1.4 21.0 156 0.08
0.48 11.8 364 1,293 1.96
0.51 12.9 374 1,415 2.24
0.61 17.1 48.2 1,886 3.03
0.68 211 66.1 2,325 3.50
0.70 226 81.8 2,488 3.40
0.77 28.8 94.3 3,166 463
0.90 42.2 113.0 4,647 777
1.02 56.0 116.8 6,164 11.74
1.09 69.1 2557 7,597 10.37
1.28 1181 260.9 12,993 24 .67
2.09 338.4 283.1 37,222 134.98

Summary for Reach 26R: outflow from site

Inflow Area = 77.960 ac, 0.00% Impervious, Inflow Depth = 3.25" for 100-yr event
inflow = 25.67 cfs @ 11.02 hrs, Volume= 21.126 af
Cutflow = 2566 cfs @ 11.09 hrs, Volume= 21.126 af, Atten= 0%, Lag=4.5 min

Routing by Stor-Ind+Trans method, Time Span= 0.00-48.00 hrs, dt= 0.03 hrs /3
Max. Velocity= 0.64 fps, Min. Travel Time= 2.4 min
Avg. Velocity = 0.30 fps, Avg. Travel Time= 5.2 min

Peak Storage= 3,734 cf @ 11.05 hrs
Average Depth at Peak Storage= 0.96'
Bank-Full Depth= 1.35' Flow Area= 79.4 sf, Capacity= 59.05 cfs

Custom cross-section, Length=93.0' Slope=0.0029 7 (101 Elevation Intervals)
Constant n= 0.080 Earth, long dense weeds
Inlet Invert= 187.18", Outlet Invert= 186.91'
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Parklands - per Survey Type IA 24-hr 100-yr Rainfall=5.30"
Prepared by Hewilett-Packard Company Printed 8/17/2016
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Offset Elevation Chan.Depth
(feet) (feet) (feet)
-41.00 188.53 0.00
0.00 188.14 0.39
10.00 187.66 0.87
20.00 187.18 1.35
30.00 187.38 1.15
40.00 187.83 0.70
50.00 187.76 0.77
60.00 187.48 1.05
70.00 187.65 0.88
78.30 188.14 0.39
83.00 188.53 0.00
Depth End Area  Perim. Storage Discharge
(feet) (sqg-ft) (feet) (cubic-feet) (cfs)
0.00 0.0 0.0 0 0.00
0.20 1.4 14.2 132 0.31
0.30 3.0 18.5 284 0.91
0.47 8.2 41.9 761 2.76
0.48 8.6 42.8 800 2.95
0.58 13.4 52.4 1,243 5:37
0.65 75 66.6 1,630 7.22
0.96 40.0 78.4 3,719 25.53
1.35 79.4 1241 7,387 59.05

Summary for Pond 29P: Wetland A

Inflow Area = 77.960 ac, 0.00% Impervious, Inflow Depth= 3.25" for 100-yr event

inflow = 2841cfs@ 8.08 hrs, Volume= 21.126 af

Outflow = 2567 cfs@ 9.02 hrs, Volume= 21.126 af, Atten= 10%, Lag= 56.2 min
Primary = 2567cfs @ 9.02 hrs, Volume= 21.126 af

Routing by Stor-Ind method, Time Span= 0.00-48.00 hrs, dt= 0.03 hrs
Peak Elev= 187.99 @ 9.02 hrs Surf Area= 3.001 ac Storage= 0.907 af

Plug-Flow detention time= 24.7 min calculated for 21.113 af (100% of inflow)
Center-of-Mass det. time= 24.7 min ( 868.2 - 843.5)

Volume Invert  Avail.Storage Storage Description
#1 187.40° 5.478 af Custom Stage Data (Prismatic) Listed below (Recalc)
Elevation Surf.Area Inc.Store Cum.Store
(feet) (acres) (acre-feet) (acre-feet)
187.40 0.050 0.000 0.000
188.00 3.027 0.923 0.923
188.05 3.147 0.154 1.077
189.00 6.117 4.400 5478
Device Routing Invert Outlet Devices

#1  Primary 187.40' Special & User-Defined
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Parklands - per Survey Type IA 24-hr 100-yr Rainfall=5.30"
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Head (feet) 0.00 0.20 0.40 0.60 0.80
Disch. (cfs) 0.000 2.270 12.170 26.030 71.260

Primary OutFlow Max=25.67 cfs @ 9.02 hrs HW=187.99' (Free Discharge)
1=Special & User-Defined (Custom Controls 25.67 cfs)

Summary for Link 27L: 2 hr travel time (assume 0.05 fps)

Inflow Area = 77960 ac, 0.00% Impervious, Inflow Depth= 3.25" for 100-yr event
Inflow = 2567cls@ 9.02 hrs, Volume= 21.126 af
Primary = 2567 cfs @ 11.02 hrs, Volume= 21.126 af, Atten= 0%, Lag= 120.0 min

Primary outflow = Inflow delayed by 120.0 min, Time Span= 0.00-48.00 hrs, dt= 0.03 hrs
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Summary for Reach CP: outflow from site

Inflow Area = 70.207 ac, 31.29% Impervious, Inflow Depth = 3.98" for 100-yr event
Inflow = 5274 cfs @ 10.14 hrs, Volume= 23.268 af
Outflow = 5264 cfs @ 10.17 hrs, Volume= 23.268 af, Atten=0%, Lag= 1.9 min

Routing by Dyn-Stor-Ind method, Time Span= 0.00-48.00 hrs, dt= 0.03 hrs
Max. Velocity= 0.73 fps, Min. Travel Time= 2.1 min
Avg. Velocity = 0.27 fps, Avg. Travel Time= 5.7 min

Peak Storage= 6,742 c¢f @ 10.17 hrs
Average Depth at Peak Storage= 1.29'
Bank-Full Depth= 1.35' Flow Area= 79.4 sf, Capacity= 59.05 cfs

Custom cross-section, Length=93.0' Slope= 0.0028 /' (101 Elevation Intervals)
Constant n= 0.080 Earth, long dense weeds
Inlet Invert= 187.18', Outlet Invert= 186.91'

Offset Elevation Chan.Depth

(feet) (feet) (feet)
-41.00 188.53 0.00
0.00 188.14 0.39
10.00 187.66 0.87
20.00 187.18 1.35
30.00 187.38 1.15
40.00 187.83 0.70
50.00 187.76 0.77
60.00 187.48 1.05
70.00 187.65 0.88
78.30 188.14 0.39
83.00 188.53 0.00
Depth End Area  Perim. Storage Discharge
(feet) (sg-ft) (feet) (cubic-feet) (cfs)
0.00 0.0 0.0 0 0.00
0.20 14 14.2 132 0.31
0.30 3.0 18.5 284 0.91
0.47 8.2 41.9 761 2.76
048 8.6 42.8 800 2.95
0.58 134 524 1,243 5.37
0.65 17.5 66.6 1,630 7.22
0.96 40.0 78.4 3,719 25.53

1.35 79.4 1241 7,387 59.05
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Summary for Reach DP: outflow from site

Inflow Area = 70.207 ac, 31.29% Impervious, Inflow Depth = 3.98" for 100-yr event
Inflow = 5264 cfs @ 10.17 hrs, Volume= 23.268 af
Qutflow = 51.97 cfs @ 10.25 hrs, Volume= 23.268 af, Atten= 1%, Lag= 4.9 min

Routing by Dyn-Stor-Ind method, Time Span= 0.00-48.00 hrs, dt= 0.03 hrs
Max. Velocity= 0.28 fps, Min. Travel Time= 6.6 min
Avg. Velocity = 0.11 fps, Avg. Travel Time= 17.3 min

Peak Storage= 20,537 c¢f @ 10.25 hrs
Average Depth at Peak Storage= 1.54'
Bank-Full Depth= 2.09' Flow Area= 338.4 sf, Capacity= 134.98 cfs

Custom cross-section, Length=110.0' Slope= 0.0001'/" (105 Elevation Intervals)
Constant n= 0.040
Inlet Invert= 186.91', Outlet Invert= 186.90'

Offset Elevation Chan.Depth

(feet) (feet) (feet)
-153.00 189.00 0.00
-138.00 188.00 1.00

0.00 187.93 1.07

10.00 187.42 1.58

20.00 187.59 1.41

30.00 187.68 1:32

40.00 187.81 1.19

50.00 187.52 1.48

60.00 187.61 1.39

70.00 187.59 1.41

80.00 187.03 1.97

90.00 186.91 2.09

100.00 186.99 2.01
110.00 187.39 1.61
116.75 187.93 1.07
120.00 188.19 0.81

130.00 189.00 0.00



Exhibit 16 SP26-1005

Parklands Final 8-12-2016 Type IA 24-hr 100-yr Rainfali=5.30"

Prepared by Hewlett-Packard Company Printed 8/17/2016

HydroCAD® 10.00-15 s/n 08107 © 2015 HydroCAD Software Solutions LLC Page 4
Depth End Area  Perim. Storage Discharge
(feet) (sg-ft) (feet) (cubic-feet) (cfs)
0.00 0.0 0.0 0 0.00
0.08 0.7 16.7 74 0.03
0.12 14 21.0 156 0.08
0.48 11.8 364 1,293 1.96
0.51 12.9 37.4 1,415 2.24
0.61 17.1 482 1,886 3.03
0.68 21.1 66.1 2,325 3.50
0.70 226 818 2,488 3.40
0.77 28.8 94.3 3,166 4.63
0.90 422 113.0 4,647 777
1.02 56.0 116.8 6,164 11.74
1.09 69.1 255.F 7,597 10.37
1.28 118.1 260.9 12,993 24 67
2.09 3384 2831 37,222 134.98

Summary for Reach EP: outflow from site

Inflow Area = 70.207 ac, 31.29% Impervious, Inflow Depth = 3.98" for 100-yr event
inflow = 51.97 cfs @ 10.25 hrs, Volume= 23.268 af
Qutflow = 5192cfs @ 10.28 hrs, Volume= 23.268 af, Atten= 0%, Lag= 1.3 min

Routing by Dyn-Stor-Ind method, Time Span= 0.00-48.00 hrs, dt= 0.03 hrs
Max. Velocity= 2.00 fps, Min. Travel Time= 1.9 min
Avg. Velocity = 0.85 fps, Avg. Travel Time= 4.4 min

Peak Storage= 5,840 cf @ 10.28 hrs
Average Depth at Peak Storage= 0.67"'
Bank-Full Depth= 0.90' Flow Area= 46.8 sf, Capacity= 122.25 cfs

Custom cross-section, Length=225.0' Slope= 0.0077 '/
Constant n= 0.030
Intet Invert= 187.51', Outlet Invert= 185.77
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Offset Elevation Chan.Depth
(feet) (feet) (feet)
0.00 188.41 0.00
10.00 188.14 0.27
11.54 188.06 0.35
20.00 187.51 0.90
30.00 187.75 0.66
40.00 187863 0.78
50.00 188.04 0.37
60.00 188.08 0.33
70.00 187.97 0.44
80.00 187.75 0.66
90.00 188.14 0.27
101.00 188.41 0.00
Depth End Area Perim. Storage Discharge
(feet) (sg-ft) (feet) (cubic-feet) (cfs)
0.00 0.0 0.0 0 0.00
0.12 0.4 6.9 93 0.27
0.24 24 26.6 544 2.14
0.46 11.0 51.0 2,466 17.11
0.53 14.9 62.0 3,355 25.07
0.55 16.2 69.6 3,651 26.77
0.57 17.7 77.3 3,982 29.01
0.63 22.4 80.0 5,043 41.79
0.90 46.8 101.0 10,541 122.25

Summary for Reach FP: outflow from site

Inflow Area = 70.207 ac, 31.29% Impervious, Inflow Depth= 3.98" for 100-yr event
Inflow = 51.92cfs @ 10.28 hrs, Volume= 23.268 af
Qutflow = 51.86 cfs @ 10.30 hrs, Volume= 23.268 af, Atten=0%, Lag= 1.5 min

Routing by Dyn-Stor-Ind method, Time Span= 0.00-48.00 hrs, dt= 0.03 hrs
Max. Velocity= 1.76 fps, Min. Travel Time= 2.0 min
Avg. Velocity = 0.62 fps, Avg. Travel Time= 5.8 min

Peak Storage= 6,322 cf @ 10.30 hrs
Average Depth at Peak Storage= 0.65'
Bank-Full Depth= 0.76' Flow Area= 38.3 sf, Capacity= 75.41 cfs

Custom cross-section, Length=215.0" Slope= 0.0045 /'
Constant n= 0.030
Inlet Invert= 185.77, Outlet Invert= 184.80'
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Offset Elevation Chan.Depth
(feet) (feet) (feet)
-12.00 186.53 0.00
0.00 186.19 0.34
10.00 186.02 0.51
20.00 185.89 0.64
30.00 185.99 0.54
40.00 185.77 0.76
50.00 185.90 063
60.00 186.19 0.34
72.00 186.53 0.00
Depth End Area  Perim. Storage Discharge
(feet) (sqg-ft) (feet) (cubic-feet) (cfs)
0.00 0.0 0.0 0 0.00
012 0.9 147 190 0.45
0.13 1.0 17.7 224 0.53
0.22 3.7 40.8 790 2.46
0.25 4.9 44 1 1,064 3.83
0.42 13.8 60.0 2,967 17.24
0.76 38.3 84.0 8,230 75.41

Summary for Pond W-A: Wetland A

Inflow Area = 70.207 ac, 31.29% Impervious, Inflow Depth = 3.98" for 100-yr event
Inflow = 5813 cfs @ 8.00 hrs, Volume= 23.268 af

Outflow = 5277 cfs @ 8.14 hrs, Volume= 23.268 af, Atten= 9%, Lag= 8.3 min
Primary = 5277 cfs @ 8.14 hrs, Volume= 23.268 af

Routing by Dyn-Stor-Ind method, Time Span= 0.00-48.00 hrs, dt= 0.03 hrs
Peak Elev= 188.12' @ 8.14 hrs Surf.Area= 3.360 ac Storage= 1.299 af

Plug-Flow detention time= 23.7 min calculated for 23.254 af (100% of inflow)
Center-of-Mass det. time= 23.7 min ( 746.9 - 723.3)

Volume Invert _ Avail.Storage Storage Description
#1 187.40° 5478 af Custom Stage Data (Prismatic) Listed below (Recalc)
Elevation Surf.Area Inc.Store Cum.Store
(feet) (acres) (acre-feet) (acre-feet)
187.40 0.050 0.000 0.000
188.00 3.027 0.923 0.923
188.05 3.147 0.154 1.077
189.00 6.117 4.400 5478
Device Routing Invert Outlet Devices
#1  Primary 187.40' Special & User-Defined

Head (feet) 0.00 0.20 0.40 0.60 0.80
Disch. (cfs) 0.000 2.270 12.170 26.030 71.260
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Primary OutFlow Max=52.75 cfs @ 8.14 hrs HW=188.12" TW=0.00' (Dynamic Tailwater)
1=Special & User-Defined (Custom Controls 52.75 cfs)

Summary for Link 2HRL: 2 hr travel time (assume 0.05 fps)

Inflow Area = 70.207 ac, 31.29% Impervious, Inflow Depth= 3.98" for 100-yr event
Inflow = 5277 cfs @ 8.14 hrs, Volume= 23.268 af
Primary = 5274 cts @ 10.14 hrs, Volume= 23.268 af, Atten= 0%, Lag= 120.1 min

Primary outflow = Inflow delayed by 120.0 min, Time Span= 0.00-48.00 hrs, dt= 0.03 hrs
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GEOTECHNICAL SITE INVESTIGATION
PARKLANDS AT CAMAS MEADOWS
CAMAS, WASHINGTON

1.0 INTRODUCTION

Columbia West Engineering, Inc. was retained by Parklands at Camas Meadows, LLC to
conduct a geotechnical site investigation for proposed development on tax parcel numbers
986031650 and 175948000 in Camas, Washington. The purpose of the investigation was
to observe and assess subsurface soil conditions at specific locations and provide
subsequent appropriate geotechnical engineering analyses to support property
development feasibility, planning, and design recommendations. The specific scope of
services was outlined in a proposal contract dated May 27, 2015. This report summarizes
the investigation and provides field assessment documentation and laboratory analytical
test reports. This report is subject to the limitations expressed in Section 6.0, Conclusion
and Limitations, and Appendix E.

1.1 General Site Information

As indicated on Figures 1 and 2, the subject site is located northeast of the intersection of
NW Payne Street and NW Camas Meadows Drive in Camas, Washington. The site is
comprised of two tax parcels numbered 986031650 and 175948000 totaling approximately
36.4 acres. The regulatory jurisdictional agency is the City of Camas, Washington. The
approximate latitude and longitude are N 45° 37’ 40" and W 122° 26’ 54”, and the legal
description is a portion of the SW and SE % of Section 28, T2N, R3E, Willamette Meridian.

1.2 Proposed Development

Review of preliminary site plans provided by the client indicates that proposed
development will consist of approximately 46 residential lots and 6 commercial buildings,
parking areas, loading docks, private roadways and a future extension of NW Camas
Meadows Drive. Stormwater facilities and underground utilities may also be constructed as
part of proposed development. Columbia West understands that cut and fill areas will likely
be proposed at the property. This report is based upon proposed development as
described above and may not be applicable if modified.

2.0 REGIONAL GEOLOGY AND SOIL CONDITIONS

The subject site lies within the Willamette Valley/Puget Sound Lowland, a wide
physiographic depression flanked by the mountainous Coast Range on the west and the
Cascade Range on the east. Inclined or uplifted structural zones within the Willamette
Valley/Puget Sound Lowland constitute highland areas and depressed structural zones
form sediment-filled basins. The site is located within the central portion of the
Portland/Vancouver Basin, an open, somewhat elliptical, northwest-trending syncline
approximately 60 miles wide.
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According to the Geologic Map of the Lacamas Quadrangle, Clark County, Washington
(US Geological Survey, Science Investigations Map 2924, 2006), the primary geologic unit
present at the site is a Pleistocene gravel facies unit deposited by cataclysmic, glacial-
outburst floods associated with Lake Missoula in Montana. However, in the areas explored
during subsurface excavation, the unconsolidated boulder to cobbly gravel unit was either
extremely thin or missing completely. Instead, the subsurface investigation revealed that
the bulk of the site is underlain by two similar sedimentary formations. Test pit exploration
indicated that the western corner of the site is underlain by an unnamed, Pleistocene to
Pliocene, semi-consolidated, pebble to cobble conglomerate (QTc). This geologic unit is
lithologically similar to the Pliocene or late Miocene Troutdale Formation, differing primarily
in age of emplacement, degree of weathering, and the presence of hyaloclastite interbeds.
Previously published geologic mapping has identified this unit as the Troutdale Formation.

The southern and eastern portion of the site is underlain by the Hyaoclastic sandstone
member of the Troutdale formation (Ttfh). This Pliocene to Pleistocene formation is
comprised of coarse-grained sandstone and pebble conglomerate containing basalt
pebbles and cobbles. This geologic unit is lithologically similar to the Pliocene or late
Miocene Troutdale Formation, differing primarily in age of emplacement, degree of
weathering, and the presence of hyaloclastite interbeds. Previously published geologic
mapping has identified this unit as the Troutdale Formation.

The Web Soil Survey (United States Department of Agriculture, Natural Resource
Conservation Service [USDA NRCS], 2013 Website) indicates the site is underlain by
three soil types. Hesson clay loam soils are mapped on the majority of the site from the
northwest corner to the southwest corner of the property, while Cove silty clay loam and
Lauren gravelly loam soils are mapped in the northern and northwestern portions of the
property, respectively. Soils resembling the Lauren series were not encountered during
subsurface excavation.

Although actual on-site soils may vary from the broad USDA descriptions, Lauren soils are
generally coarse-textured, well drained soils with rapid permeability. Cove soils are
generally fine-textured, poorly drained soils with very slow permeability and high shrink-
swell potential. Hesson soils are fine-textured, well drained soils with moderately slow
permeability and moderate shrink-swell potential.

3.0 REGIONAL SEISMOLOGY

Recent research and subsurface mapping investigations within the Pacific Northwest
appear to suggest the historic potential risk for a large earthquake event with strong
localized ground movement may be underestimated. Past earthquakes in the Pacific
Northwest appear to have caused landslides and ground subsidence, in addition to severe
flooding near coastal areas. Earthquakes may also induce soil liquefaction, which occurs
when elevated horizontal ground acceleration and velocity cause soil particles to interact
as a fluid as opposed to a solid. Liquefaction of soil can result in lateral spreading and
temporary loss of bearing capacity and shear strength.
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There are at least four major known fault zones in the vicinity of the site that may be
capable of generating potentially destructive horizontal accelerations. These fault zones
are described briefly in the following text.

Portland Hills Fault Zone

The Portland Hills Fault Zone consists of several northwest-trending faults located along
the northeastern margin of the Tualatin Mountains, also known as the Portland Hills, and
the southwest margin of the Portland Basin. The fault zone is approximately 25 to 30 miles
in length and is located approximately 17 miles southwest of the site. According to Seismic
Design Mapping, State of Oregon (Geomatrix Consultants, 1995), there is no definitive
consensus among geologists as to the zone fault type. Several alternate interpretations
have been suggested.

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.

However, evidence is thought to exist which suggests that fault movement has impacted
shallow Holocene deposits and deeper Pleistocene sediments. Seismologists recorded a
M3.2 earthquake thought to be associated with the fault zone near Kelly Point Park in
November 2012, a M3.9 earthquake thought to be associated with the fault zone near
Kelly Point Park in April 2003, and a M3.5 earthquake possibly associated with the fault
zone occurred approximately 1.3 miles east of the fault in 1991. Therefore, the Portland
Hills Fault Zone is generally thought to be potentially active and capable of producing
possible damaging earthquakes.

Gales Creek-Newberg-Mt. Angel Fault Zone

Located approximately 35 miles southwest of the site, the northwest-striking,
approximately 50-mile long Gales Creek-Newberg-Mt. Angel Structural Zone forms the
northwestern boundary between the Oregon Coast Range and the Willamette Valley, and
consists of a series of discontinuous northwest-trending faults. The southern end the fault
zone forms the southwest margin of the Tualatin basin. Possible late-Quaternary
geomorphic surface deformation may exist along the structural zone (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
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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.

Although no definitive evidence of impacts to Holocene sediments have clearly been
identified, the Mount Angel fault appears to have been the location of minor earthquake
swarms in 1990 near Woodburn, Oregon, and a M5.6 earthquake in March 1993 near
Scotts Mills, approximately four miles south of the mapped extent of the Mt. Angel fault. It
is unclear if the earthquake occurred along the fault zone or a parallel structure. Therefore,
the Gales Creek-Newberg-Mt. Angel Structural Zone is considered potentially active.

Lacamas Lake-Sandy River Fault Zone

The northwest-trending Lacamas Creek Fault and northeast-trending Sandy River Fault
intersect north of Camas, Washington approximately 1 mile east of the site, and form part
of the northeastern margin of the Portland basin. According to Geology and Groundwater
Conditions of Clark County Washington (USGS Water Supply Paper 1600, Mundorff,
1964) and the Geologic Map of the Lake Oswego Quadrangle (Oregon DOGAMI Series
GMS-59, 1989), the Lacamas Creek fault zone consists of shear contact between the
Troutdale Formation and underlying Oligocene andesite-basalt bedrock. Secondary shear
contact associated with the fault zone may have produced a series of prominent
northwest-southeast geomorphic lineaments in proximity to the site.

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.

Cascadia Subduction Zone

The Cascadia Subduction Zone has recently been recognized as a potential source of
strong earthquake activity in the Portland/Vancouver Basin. This phenomenon is the result
of the earth’s large tectonic plate movement. Geologic evidence indicates that volcanic
ocean floor activity along the Juan de Fuca ridge in the Pacific Ocean causes the Juan de
Fuca Plate to perpetually move east and subduct under the North American Continental
Plate. The subduction zone results in historic volcanic and potential earthquake activity in
proximity to the plate interface, believed to lie approximately 20 to 50 miles west of the
general location of the Oregon and Washington coast (Geomatrix Consultants, 1995).
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4.0 GEOTECHNICAL FIELD INVESTIGATION

A geotechnical field investigation consisting of visual reconnaissance and eight test pits
(TP-1 through TP-8) was conducted at the site on June 4, 2015. Subsurface soil profiles
were logged in accordance with Unified Soil Classification System (USCS) specifications.
Disturbed soil samples were collected from relevant soil horizons and submitted for
laboratory analysis. Laboratory test results are presented in Appendix A. Subsurface
exploration locations are indicated on Figure 2. Exploration logs are presented in Appendix
B. Soil descriptions and classification information are provided in Appendix C. A photo log
is provided in Appendix D.

4.1  Surface Investigation and Site Description

The approximately 36.4-acre subject site occupies two tax parcels to the east of the
Camas Meadows Golf Club located at 4105 NW Camas Meadows Drive in Camas,
Washington. The site was previously undeveloped and is densely vegetated with large fir
and deciduous trees, associated understory vegetation, and a wetland area. The site lies
at the toe of a north-facing slope near the western end of Lacamas Lake. Site elevations
range from approximately 240 feet elevation in the southern portion of the site to
approximately 190 feet elevation along the northern property boundary. Slope grades
range from isolated short slopes of approximately 20 percent in the south central portion of
the property to generally flat in the wetland area of the northern property boundary. Most
slopes are gentle and range from 5 to 10 percent.

4.2  Subsurface Exploration and Investigation

Test pit explorations TP-1 through TP-8 were advanced at the site to a maximum depth of
16.5 feet using a track-mounted excavator on June 4, 2015. Subsurface exploration
locations were selected to observe soil characteristics in proximity to proposed
development areas and are indicated on Figure 2.

4.2.1 Soil Type Description

The field investigation indicated the site is generally covered with approximately 10 to 18
inches of topsoil and associated organic-rich root zone material at the locations observed.
Underlying the topsoil layer, fine-textured silt and clay soils underlain by weathered
conglomerate bedrock and competent conglomerate bedrock were encountered.
Subsurface lithology may generally be described by the following soil types for engineering
purposes.

Soil Type 1 — Sandy SILT to Sandy FAT CLAY

Soil Type 1 was observed to consist primarily of medium brown medium stiff, moist to wet,
moderate to high plasticity sandy SILT to sandy FAT CLAY. Soil Type 1 was observed
underlying the topsoil layer in test pits TP-3 through TP-6 and TP-8 to a maximum depth of
5 feet.

Analytical laboratory testing conducted upon representative soil samples obtained from
test pits TP-3 (sandy SILT) and TP-6 (sandy FAT CLAY) indicate approximately 57 to 63
percent by weight passing the No. 200 sieve and in situ moisture content ranging from 32
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to 36 percent. Atterberg test results indicated a liquid limit ranging from 44 to 51 percent
and a plasticity index ranging from 16 to 25 percent. Soil Type 1 is classified as ML, sandy
SILT, and CH, sandy FAT CLAY according to USCS specifications and A-7-6(7) and
A-7-6(7) according to AASHTO specifications.

Soil Type 2 — Clayey SAND to Poorly Graded GRAVEL with silt and sand

Soil Type 2 was observed to consist primarily of light brown to multi-colored, dense to very
dense, moist to wet, clayey SAND and poorly graded GRAVEL with silt and sand. Soil
Type 2 represents weathered conglomerate bedrock. Soil Type 2 was encountered
underlying surficial fine textured soils or topsoil in all test pits.

Analytical laboratory testing conducted upon representative soil samples obtained from
test pit TP-8 indicate approximately 8 to 20 percent by weight passing the No. 200 sieve
and in situ moisture content ranging from 33 to 43 percent. Atterberg test results indicated
a liquid limit ranging from 43 to 46 percent and a plasticity index of 18 percent. Soil Type 2
is classified as SC, clayey SAND and GP-GM, poorly-graded GRAVEL with silt and sand
according to USCS specifications and A-2-7(0) according to AASHTO specifications.

Soil Type 3: Weathered and Competent Conglomerate Bedrock

Weathered and competent conglomerate bedrock was encountered in all test pits at
various depths. The conglomerate bedrock encountered generally resembled the
descriptions of the unnamed Pleistocene to Pliocene, semi-consolidated, pebble to cobble
conglomerate (QTc) and the Hyaoclastic sandstone member of the Troutdale formation
(Ttfh). The bedrock consisted of angular to sub-rounded clasts of various sizes cemented
in a matrix of sand, silt, and clay. The bedrock was very dense and excavator refusal was
noted at various depths as indicated in Table 1 in Section 5.7, Excavation.

4.2.2 Groundwater

Groundwater was encountered in test pits TP-1 and TP-8 at depths of 2.5 feet and 15 feet
below ground surface, respectively. Standing water was observed at the ground surface
elevation in the wetland which occupies the central north portion of the site. According to
Clark County Maps Online, the static aquifer elevation in the vicinity of the subject site
ranges from 190 to 210 feet amsl. These elevations correspond to an approximate depth
to groundwater between 0 and 20 feet below ground surface.

Groundwater levels are often subject to seasonal variance and may rise during extended
periods of increased precipitation. Perched groundwater may also be present in localized
areas. Seeps and springs may become evident during site grading, primarily along slopes
or in areas cut below existing grade. Structures, roads, and drainage design should be
planned accordingly. Piezometer installation and long-term monitoring, beyond the scope
of this investigation, would be necessary to provide more detailed groundwater
information.

5.0 DESIGN RECOMMENDATIONS

The geotechnical site investigation suggests the proposed development is generally
compatible with surface and subsurface soils, provided the recommendations presented in
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this report are utilized and incorporated into the design and construction processes.
Design recommendations are presented in the following text sections.

5.1 Site Preparation and Grading

Vegetation, organic material, unsuitable fill, and deleterious material that may be
encountered should be cleared from areas identified for structures and site grading.
Vegetation, other organic material, and debris should be removed from the site. Stripped
topsoil should also be removed, or used only as landscape fill in nonstructural areas with
slopes less than 25 percent. The anticipated stripping depth for sod and highly organic
topsoil is anticipated to vary from 10 to 18 inches. The required stripping depth may
increase in areas of heavy organics, large tree root balls, or disturbed soil. Actual stripping
depths should be determined based upon visual observations made during construction
when soil conditions are exposed. The post-construction maximum depth of landscape fill
placed or spread at any location onsite should not exceed one foot.

Previously disturbed soil, debris, unsuitable, or undocumented fill encountered during
grading or construction activities should be removed completely and thoroughly from
structural areas. This includes old foundations, basement walls, utilities, associated soft
soils, and debris. Excavation areas should be backfilled with engineered structural fill.

Site grading activities should be performed in accordance with requirements specified in
the 2012 International Building Code (IBC), Chapter 18 and Appendix J, with exceptions
noted in the text herein. Site preparation, soil stripping, grading activities, and demolition
debris removal verification should be observed and documented by an experienced
geotechnical engineer or designated representative.

5.2  Engineered Structural Fill

Areas proposed for fill placement should be appropriately prepared as described in the
preceding text. Surface soils should then be scarified and compacted prior to additional fill
placement. Engineered structural fill should be placed upon prepared subgrade in loose
lifts not exceeding 12 inches in depth and compacted using standard conventional
compaction equipment. The soil moisture content should be within three percentage points
of optimum conditions. A field density at least equal to 95 percent of the maximum dry
density, obtained from the standard Proctor moisture-density relationship test (ASTM
D698), is recommended for structural fill placement. Engineered structural fill placed on
sloped grades should be benched to provide a horizontal surface for compaction.

Compaction of engineered structural fill should be verified by nuclear gauge field
compaction testing performed in accordance with ASTM D6938. Field compaction testing
should be performed for each vertical foot of engineered fill placed. Engineered fill
placement should be observed by an experienced geotechnical engineer or designated
representative.

Engineered structural fill placement activities should be performed during dry summer
months if possible. If fill placement occurs during dry weather conditions, clean, fine-
textured native soils are anticipated be suitable for use as structural fill if adequately
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moisture-conditioned to achieve recommended compaction specifications. Areas of sandy
FAT CLAY that may be encountered may not be suitable for building foundation subgrade
or road subgrade embankments. The use of clay soils for structural fill should be analyzed
by Columbia West during site grading activities.

Because they are moisture-sensitive, fine-textured soils such as Soil Type 1 are often
difficult to excavate and compact during wet weather conditions. If adequate compaction is
not achievable with clean, fine-textured soils, import fill consisting of well-graded granular
material with a maximum particle size of three inches and no more than five percent
passing the No. 200 sieve is recommended for structural fill.

Representative samples of proposed engineered structural fill should be submitted for
laboratory analysis and approval by the geotechnical engineer prior to placement.
Laboratory analyses should include particle-size gradation and Proctor moisture-density
analysis.

5.3 Cut and Fill Slopes

Fill placed on existing grades steeper than 5H:1V should be horizontally benched at least
10 feet into the slope. Fill slopes greater than six feet in height should be vertically keyed
into existing subsurface soil. A typical fill slope cross-section is shown in Figure 3.
Drainage implementations, including subdrains or perforated drain pipe trenches, may also
be necessary in proximity to cut and fill slopes if seeps or springs are encountered.
Drainage design may be performed on a case-by-case basis. Extent, depth, and location
of drainage may be determined in the field by the geotechnical engineer during
construction when soil conditions are exposed. Failure to provide adequate drainage may
result in soil sloughing, settlement, or erosion.

Final cut or fill slopes at the site should not exceed 2H:1V or 15 feet in total height without
individual slope stability analysis. The values above assume a minimum horizontal setback
for loads of 10 feet from top of cut or fill slope face or overall slope height divided by three
(H/3), whichever is greater. A minimum slope setback detail for structures is presented in
Figure 4.

Concentrated drainage or water flow over the face of slopes should be prohibited, and
adequate protection against erosion is required. Fill slopes should be constructed by
placing fill material in maximum 12-inch level lifts, compacting as described in Section 5.2,
Engineered Structural Fill and horizontally benching where appropriate. Fill slopes should
be overbuilt, compacted, and trimmed at least two feet horizontally to provide adequate
compaction of the outer slope face. Proper cut and fill slope construction is critical to
overall project stability and should be observed by an experienced geotechnical engineer.

5.4 Foundations

Review of preliminary site plans indicates that both residential and commercial/light
industrial buildings are proposed. Foundations are anticipated to consist of shallow
continuous perimeter or column spread footings. Footings should be designed by a
licensed structural engineer and conform to the recommendations below. Typical building
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loads are not expected to exceed approximately 3 to 4 kips per foot for perimeter footings
or 80 kips per column. If actual loading exceeds anticipated loading, additional analysis
should be conducted for the specific load conditions and proposed footing dimensions.

The existing ground surface should be prepared as described in Section 5.1, Site
Preparation and Grading, and Section 5.2, Engineered Structural Fill. Foundations should
bear upon a 12-inch-thick layer of crushed aggregate base compacted to at least 95
percent of modified Proctor maximum dry density (ASTM D1557) placed on firm competent
in situ soil or engineered structural fill. Disturbed surface soils and unsuitable fill should be
removed from foundation alignments and replaced with structural fill.

Footings should have a minimum width of 18 inches and extend to a depth at least 18
inches below lowest adjacent grade to provide adequate bearing capacity and protection
against frost heave. Foundations constructed during wet weather conditions may require
over-excavation of saturated subgrade soils and granular structural backfill prior to
concrete placement. Over-excavation recommendations should be provided by a qualified
geotechnical engineer during foundation excavation and construction. Excavations
adjacent to foundations should not extend within a 1.5H:1V angle projected down from the
outside bottom footing edge without additional geotechnical analysis.

Allowable bearing capacity is typically a function of footing dimension and subsurface soil
properties, including settlement and shear resistance. Based upon in situ field testing and
laboratory analysis, the estimated allowable bearing capacity for well-drained foundations
prepared as described above and bearing on Soil Type 1 is 1,500 psf. The estimated
allowable bearing capacity for well-drained foundations bearing upon Soil Types 2 and 3 is
2,000 psf. Bearing capacity may be increased by one-third for transient lateral forces such
as seismic or wind. The estimated coefficient of friction between in situ compacted native
soil or engineered structural fill and in-place poured concrete is 0.35. Lateral forces may
also be resisted by an assumed passive soil equivalent fluid pressure of 250 psf/f against
embedded footings. The upper six inches of soil should be neglected in passive pressure
calculations.

Foundations should not be permitted to bear upon existing fill, soft sail, or disturbed soil.
Because soil is often heterogeneous and anisotropic, it is recommended that an
experienced geotechnical engineer or designated representative observe foundation
excavations prior to placing forms or reinforcing bar to verify subgrade support conditions
are as anticipated in this report.

55 Slabs on Grade

The proposed structures may have slab-on-grade floors. Slabs should be supported on
firm, competent, in situ soil or engineered structural fill. Disturbed soils and unsuitable fills
in proposed slab locations should be removed and replaced with structural fill.

Preparation and compaction beneath slabs should be performed in accordance with the
recommendations presented in Section 5.1, Site Preparation and Grading and Section 5.2,
Engineered Structural Fill. Slabs should be underlain by at least 6 inches of free-draining 1
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Ya"-0 crushed aggregate meeting WSDOT 9-03.9(3). Geotextile filter fabric conforming to
WSDOT 2010 Standard Specification M 41-10, 9-33.2(1), Geotextile Properties, Table 3:
Geotextile for Separation or Soil Stabilization may be used below the crushed aggregate to
increase subgrade support. If desired, a moisture barrier may be constructed beneath the
slabs. Slabs should be appropriately waterproofed in accordance with the desired type of
finished flooring. Slab thickness and reinforcement should be designed by an experienced
structural engineer in accordance with anticipated loads.

5.6 Settlement

Total long-term static footing displacement for shallow to medium-depth foundations
constructed as described in this report is not anticipated to exceed approximately 1 inch.
Differential settlement between comparably loaded footing elements is not expected to
exceed approximately %2 inch over a span of 50 feet. The resulting vertical displacement
after loading may be due to elastic distortion, dissipation of excess pore pressure, or soil
creep.

5.7 Excavation

Soils at the site were explored to a maximum depth of 16.5 feet using a track-mounted
excavator. As mentioned previously, weathered and competent conglomerate bedrock was
encountered in all test pits at various depths ranging from 3 to 16.5 feet below ground
surface. Table 1 presents a summary of depths to bedrock and groundwater.

Table 1. Depth to bedrock and groundwater.

Depth to Bedrock Depth of Seep or
Refusal (feet below | Groundwater (feet below
Test Pit ground surface) ground surface)

TP-1 3 2.5
TP-2 3.5 not encountered
TP-3 4.5 not encountered
TP-4 3 not encountered
TP-5 4.5 not encountered
TP-6 6.5 not encountered
TP-7 3.5 not encountered
TP-8 16.5 15

The conglomerate was generally weathered in the top few feet, but became dense and
massive with depth. If significant utilities or other excavations are designed at elevations
that encounter bedrock, specialized rock-excavation techniques or blasting may be
necessary. As mentioned previously, groundwater seeps were also observed during the
site investigation, often at a depth coincident with the soil-to-bedrock interface.
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Near-surface soils are likely classified as Washington State Industrial Safety and Health
Administration (WISHA) Type C. For temporary open-cut excavations deeper than four
feet, but less than 20 feet in soils of these types, the maximum allowable slope is 1.5H:1V.
WISHA soil type should be confirmed during field construction activities by the contractor.
Solil is often anisotropic and heterogeneous, and it is possible that WISHA soil types
determined in the field may differ from those described above.

The contractor should be held responsible for site safety, sloping, and shoring. Columbia
West is not responsible for contractor activities and in no case should excavation be
conducted in excess of all applicable local, state, and federal laws.

5.8 Dewatering

Groundwater elevation and hydrostatic pressure should be carefully considered during
design of utilities, retaining walls, or other structures that require below-grade excavation.
As described previously, groundwater may be encountered in the vicinity of proposed
development areas. Utility trenches in shallow groundwater areas or excavations and cuts
that remain open for even short periods of time may undermine or collapse due to
groundwater effects. Placement of layers of riprap or quarry spalls in localized areas on
shallow excavation side slopes may be required to limit instability. Over-excavation and
stabilization of pipe trenches or other excavations with imported crushed aggregate or
gabion rock may also be necessary to provide adequate subgrade support.

Pumping and dewatering may be required to temporarily reduce the groundwater elevation
to allow construction of proposed below-grade structures, installation of utilities, or
placement of structural fills. Dewatering via a sump within excavation zones may be
insufficient to control groundwater and provide excavation side slope stability. Dewatering
may be more feasibly conducted by installing a system of temporary well points and
pumps around proposed excavation areas or utility trenches. Depending on proposed
utility depths, a site-specific dewatering plan may be necessary. Well pumps should
remain functioning at all times during the excavation and construction period. Suitable
back-up pumps and power supplies should be available to prevent unanticipated shut-
down of dewatering equipment. Failure to operate pumps full-time may result in flooding of
the excavation zones, resulting in damage to forms, slopes, or equipment.

59 Lateral Earth Pressure

If retaining walls are proposed, lateral earth pressures should be carefully considered for
design. Hydrostatic pressure and additional surcharge loading should also be considered.
Retained material may include engineered structural backfill or undisturbed soil. Structural
wall backfill should consist of imported granular material meeting Section 9-03.12(2) of
WSDOT Standard Specifications. Backfill should be prepared and compacted to at least
95 percent of maximum dry density as determined by the modified Proctor test (ASTM
D1557). Recommended parameters for lateral earth pressures for in situ undisturbed
native soils and engineered structural fill consisting of imported granular fill meeting
WSDOT specifications for Gravel Backfill for Walls 9-03.12(2) are presented in Table 1.
Soil Type 1 is excluded due to the relative thin profile observed on the site.
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The design parameters presented in Table 2 are valid for static loading cases. The
recommended earth pressures do not include surcharge loads, dynamic loading,
hydrostatic pressure, or seismic design.

Table 2. Lateral Earth Pressure Parameters for Level Backfill

Equivalent Fluid Pressure Drained
i | |
Backfill Material for Level Backfill WeF nterna
. . Density | Angle of
Atrest | Active | Passive B
WSDOT 9-03.12(2) compacted aggregate 54 pef 33 pof 589 pcf 135 pcf 38°
backfill
In situ undisturbed clayey SAND and Poorly
Graded GRAVEL with silt and sand 64 pcf 43 pcf 360 pcf 125 pcf 29°
(Soil Type 2)

* The upper 6 inches of soil should be neglected in passive pressure calculations. If
exterior grade from top or toe of retaining wall is sloped, Columbia West should be
contacted to provide location-specific lateral earth pressures.

If seismic design is required, seismic forces may be calculated by superimposing a uniform
lateral force of 10H? pounds per lineal foot of wall, where H is the total wall height in feet.
The resultant force should be applied at 0.6H from the base of the wall.

A continuous one-foot-thick zone of free-draining, washed, open-graded 1-inch by 2-inch
drain rock and a 4-inch perforated gravity drain pipe is assumed behind retaining walls.
Geotextile filter fabric should be placed between the drain rock and backfill soil.
Specifications for drainpipe design are presented in Section 5.12, Drainage. If walls cannot
be gravity drained, saturated base conditions and/or applicable hydrostatic pressures
should be assumed.

Final retaining wall design should be reviewed and approved by Columbia West. Retaining
wall subgrade and backfill activities should also be observed and tested for compliance
with recommended specifications by the geotechnical engineer or designated
representative during construction.

5.10 Seismic Design Considerations

According to the United States Geologic Survey (USGS) 2010 ASCE 7 Seismic Design
Maps Summary Report, the anticipated peak ground and maximum considered earthquake
spectral response accelerations resulting from seismic activity for the subject site are
summarized in Table 3.

The listed probabilistic ground motion values are based upon “firm rock” sites with an
assumed shear wave velocity of 2,500 ft/s in the upper 100 feet of soil profile. These
values should be adjusted for site class effects by applying site coefficients Fa and Fv as
defined in 2012 IBC Tables 1613.3.3(1) and (2). The site coefficients are intended to more
accurately characterize estimated peak ground and respective earthquake spectral
response accelerations by considering site-specific soil characteristics and index
properties.

The Site Class Map of Clark County, Washington (Washington State Department of
Natural Resources, 2004), indicates site soils may be represented by Site Class C. Based
upon observed subsurface soil conditions at the site, and review of well logs and local
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geologic maps, site soils may be considered to be Site Class C as defined in 2012 IBC
Section 1613.3.5. This site class designation indicates that some amplification of seismic
energy may occur during a seismic event because of subsurface conditions. This
assessment is preliminary and is based upon limited field exploration and research of
existing published literature. Additional exploration would be necessary to provide solil site
class information at greater depths.

Table 3. Approximate Probabilistic Ground Motion Values for ‘firm rock’
sites based on subject property longitude and latitude

2% Probability of
Exceedance in 50 yrs

Peak Ground Acceleration 0.38¢

0.2 sec Spectral
Acceleration

1.0 sec Spectral
Acceleration

0.89 g

0.38g

Localized peak ground accelerations exceeding the adjusted values may occur in some
areas in direct proximity to an earthquake’s origin. This may be a result of amplification of
seismic energy due to depth to competent bedrock, compression and shear wave velocity
of bedrock, presence and thickness of loose, unconsolidated alluvial deposits, soll
plasticity, grain size, and other factors.

Identification of specific seismic response spectra for the site is beyond the scope of this
investigation. If site structures are designed in accordance with recommendations
specified in the 2012 IBC, the potential for peak ground accelerations in excess of the
adjusted and amplified values should be understood.

5.11 Soil Liquefaction and Dynamic Settlement

According to the Alternative Liquefaction Susceptibility Map of Clark County Washington
(Washington State Department of Natural Resources, 2004), the site is mapped as very
low susceptibility for liquefaction. Liquefaction, defined as the transformation of the
behavior of a granular material from a solid to a liquid due to increased pore-water
pressure and reduced effective stress, may occur when granular or non-plastic silt
materials quickly compact under cyclic stresses caused by a seismic event. The effects of
liquefaction may include immediate ground settlement and lateral spreading.

Soils most susceptible to liquefaction are generally saturated, cohesionless, loose to
medium-dense sands within 50 feet of the ground surface. Recent research has also
indicated that low plasticity silts and clays may also be subject to sand-like liquefaction
behavior if the plasticity index determined by the Atterberg Limits analysis is less than 8.
Potentially liquefiable soils located above the existing, historic, or expected ground water
levels do not generally pose a liquefaction hazard. It is important to note that changes in
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perched ground water elevation may occur due to project development or other factors not
observed at the time of investigation.

Based upon the results of the geotechnical investigation, the potential for liquefaction of
shallow soils at the site is considered to be low.

5.12 Drainage

At a minimum, site drainage should include surface water collection and conveyance to
properly designed stormwater management structures and facilities. Drainage design in
general should conform to City of Camas regulations. Finished site grading should be
conducted with positive drainage away from structures. Depressions or shallow areas that
may retain ponding water should be avoided. Roof drains, low-point drains, and perimeter
foundation drains are recommended for structures. Drains should consist of separate
systems and gravity flow with a minimum two-percent slope away from foundations into the
stormwater system or approved discharge location. Concentrated discharge of water
should be prohibited across slopes and water should not be diverted, routed, or allowed to
flow over or across slope faces.

Perimeter foundation drains should consist of 3-inch perforated PVC pipe surrounded by a
minimum of 1 ft® of clean, washed drain rock per linear foot of pipe and wrapped with
geotextile filter fabric. Open-graded drain rock with a maximum particle size of 3 inches
and less than 2 percent passing the No. 200 sieve is recommended. Geotextile filter fabric
should consist of Mirafi 140N or approved equivalent, with AOS between No. 70 and No.
100 sieve. The water permittivity should be greater than 1.5/sec. Figure 5 presents a
typical foundation drain. Perimeter drains may limit increased hydrostatic pressure beneath
footings and assist in reducing potential perched moisture areas.

Subdrains should also be considered if portions of the site are cut below surrounding
grades. Shallow groundwater, springs, or seeps should be conveyed via drainage channel
or perforated pipe into the stormwater management system or an approved discharge.
Recommendations for design and installation of perforated drainage pipe may be
performed on a case-by-case basis by the geotechnical engineer during construction.
Failure to provide adequate surface and sub-surface drainage may result in soil slumping
or unanticipated settlement of structures exceeding tolerable limits. A typical perforated
drain pipe trench detail is presented in Figure 6.

Foundation drains and subdrains should be closely monitored after construction to assess
their effectiveness. If additional surface or shallow subsurface seeps become evident, the
drainage provisions may require modification or additional drains. The geotechnical
engineer should be consulted to provide appropriate recommendations.

5.13 Bituminous Asphalt and Portland Cement Concrete

Preliminary site plans indicate that proposed development includes private asphalt
concrete driveways and parking areas. Additionally, an extension of the City of Camas’
NW Camas Meadows Drive may be constructed as part of the development. Pavement
section thickness should be carefully considered to provide adequate lifespan and
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serviceability. Pavement section design is outside the scope of this investigation; however,
Columbia West can provide section design services in the future if requested. Columbia
West recommends adherence to the City of Camas standards for public works
construction if improvements to public roads are proposed.

For dry weather construction, pavement surface sections should bear upon competent
subgrade consisting of scarified and compacted native soil or engineered structural fill.
Wet weather pavement construction is discussed later in Section 5.14, Wet Weather
Construction Methods and Techniques. Areas proposed for asphalt pavement construction
should be prepared as described in Section 5.1, Site Preparation and Grading. Subgrade
conditions should be evaluated and tested by a licensed geotechnical engineer or
designated representative prior to placement of crushed aggregate base. Subgrade
evaluation should include nuclear gauge density testing and wheel proof-roll observations
conducted with a 12-cubic yard, double-axle dump truck or equivalent. Nuclear gauge
density testing should be conducted at 250-foot intervals or as determined by the onsite
geotechnical engineer. Subgrade soil should be compacted to at least 95 percent of the
modified Proctor dry density, as determined by ASTM D698. Areas of observed deflection
or rutting during proof-roll evaluation should be excavated to a firm surface and replaced
with compacted crushed aggregate.

Crushed aggregate base should be compacted and tested in accordance with the
specifications outlined above. Asphalt concrete pavement should be compacted to at least
91 percent of maximum Rice density. Nuclear gauge density testing should be conducted
to verify adherence to recommended specifications. Testing frequency should be in
accordance with Washington Department of Transportation and City of Camas
specifications.

Portland cement concrete curbs should be installed in accordance with the City of Camas
specifications. Aggregate base should be observed and proof-rolled in the presence of an
experienced geotechnical engineer or designated representative. Soft areas that deflect or
rut should be stabilized prior to pouring concrete. Concrete should be tested during
installation in accordance with ASTM C171, C138, C231, C143, C1064, and C31. This
includes casting of cylinder specimen at a frequency of four cylinders per 100 cubic yards
of poured concrete. Recommended field and analytical laboratory concrete testing includes
slump, air entrainment, temperature, and unit weight.

5.14 Wet Weather Construction Methods and Techniques

Wet weather construction often results in significant shear strength reduction and soft
areas that may rut or deflect. Installation of granular working layers may be necessary to
provide a firm support base and sustain construction equipment. Granular layers should
consist of all-weather gravel, 4-inch by 6-inch gabion, or other similar material (6-inch
maximum size with less than 5 percent passing the No. 200 sieve).

Construction equipment traffic across exposed fine-textured soil should be minimized.
Equipment traffic induces dynamic loading, which may result in weak areas and significant
reduction in shear strength for soils above plastic limit. Wet weather construction may
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generate significant excess quantities of soft wet soil, which should be removed from the
site or stockpiled in a designated area.

Construction during wet weather conditions may require increased base thickness. Road
base should consist of 3"-0 or 1%2"-0 crushed aggregate and should be placed on
previously stripped and structurally competent subgrade. Over-excavation may be
necessary to provide a firm base upon which to place crushed aggregate. Geotextile filter
fabric such as Mirafi 500X or an approved equivalent is also recommended. Crushed
aggregate base should be installed in a single lift with trucks end-dumping from an
advancing layer of granular fill. During extended wet periods, stripping activities may also
need to be conducted from an advancing layer of granular fill. Once installed, the crushed
aggregate base should be compacted with several passes from a static drum roller. A
vibratory compactor is not recommended because it may further disturb the subgrade.
Subdrains may also be necessary to provide subgrade drainage and maintain structural
integrity.

Crushed aggregate base should be compacted to at least 95 percent of maximum dry
density according to the modified Proctor density test (ASTM D1557). Compaction should
be verified by nuclear gauge density testing. Observation of a proof-roll with a loaded
dump truck is also recommended as an indication of subgrade performance.

It should be understood that wet weather construction is risky and costly. An experienced
geotechnical engineer or designated representative should observe and document wet
weather construction activities. Proper construction methods and techniques are critical to
overall project integrity.

5.15 Erosion Control Measures

Based upon field observations and laboratory testing, the erosion hazard for site soils in
flat to shallow-gradient portions of the property is likely to be low. The potential for erosion
generally increases in sloped areas. Therefore, disturbance to vegetation in sloped areas
should be minimized during construction activities. Soil is also prone to erosion if
unprotected and unvegetated during periods of increased precipitation. Erosion can be
minimized by performing construction activities during dry summer months.

Site-specific erosion control measures should be implemented to address the maintenance
of exposed areas. This may include silt fence, biofilter bags, straw wattles, or other
suitable methods. During construction activities, exposed areas should be well-compacted
and protected from erosion with visqueen, surface tactifier, or other means, as appropriate.
Temporary slopes or exposed areas may be covered with straw, crushed aggregate, or
riprap in localized areas to minimize erosion. Erosion and water runoff during wet weather
conditions may be controlled by application of strategically placed channels and small
detention depressions with overflow pipes.

After grading, exposed surfaces should be vegetated as soon as possible with erosion-
resistant native species. Jute mesh or straw may be applied to enhance vegetation. Once
established, vegetation should be properly maintained. Disturbance to existing native
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vegetation and surrounding organic soil should also be minimized during construction
activities.

5.16 Soil Shrink/Swell Potential

Based upon laboratory analysis, subsurface soils contain as much as 63 percent by weight
passing the No. 200 sieve and exhibit a plasticity index ranging from 16 to 25 percent. This
indicates low to moderate potential for soil shrinking or swelling.

5.17 Utility Installation

Utility installation may require subsurface excavation and trenching. Excavation, trenching
and shoring should conform to federal (Occupational Safety and Health Administration)
(OSHA) (29 CFR, Part 1926) and WISHA (WAC, Chapter 296-155) regulations. Site soils
may slough when cut vertically and sudden precipitation events or perched groundwater
may result in accumulation of water within excavation zones and trenches.

Utilities should be installed in general accordance with manufacturer’'s recommendations.
Utility trench backfill should consist of crushed aggregate or other coarse-textured, free-
draining material acceptable to the client, City of Camas, and the site geotechnical
engineer. Trench backfill material within 18 inches of the top of utility pipes should be hand
compacted (i.e., no heavy compaction equipment). The remaining backfill should be
compacted to at least 95 percent of maximum dry density as determined by the standard
Proctor moisture-density test (ASTM D698). Clean, free-draining, fine bedding sand is
recommended for use in the pipe zone. With exception of the pipe zone, backfill should be
placed in loose lifts not exceeding 12 inches in thickness.

Compaction of utility trench backfill material should be verified by nuclear gauge field
compaction testing performed in accordance with ASTM D6938. It is recommended that
field compaction testing be performed at 200-foot intervals along the utility trench
centerline at the surface and midpoint depth of the trench. Compaction frequency and
specifications may be modified for non-structural areas in accordance with
recommendations of the site geotechnical engineer.

6.0 CONCLUSION AND LIMITATIONS

This geotechnical site investigation report was prepared in accordance with accepted
standard conventional principles and practices of geotechnical engineering. This
investigation pertains only to material tested and observed as of the date of this report, and
is based upon proposed site development as described in the text herein. This report is a
professional opinion containing recommendations established by engineering
interpretations of subsurface soils based upon conditions observed during site exploration.
Soil conditions may differ between tested locations or over time. Even slight variations may
produce impacts to the performance of structural facilities if not adequately addressed.
This underscores the importance of diligent QA/QC construction observation and testing to
verify soil conditions are as anticipated in this report.

Therefore, this report contains several recommendations for field observation and testing
by Columbia West personnel during construction activities. Columbia West cannot accept
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responsibility for deviations from recommendations described in this report. Future
performance of structural facilities is often related to the degree of construction observation
by qualified personnel. These services should be performed to the full extent
recommended.

This report is not an environmental assessment and should not be construed as a
representative warranty of site subsurface conditions. The discovery of adverse
environmental conditions, or subsurface soils that deviate significantly from those
described in this report, should immediately prompt further investigation. The above
statements are in lieu of all other statements expressed or implied.

This report was prepared solely for the client and is not to be reproduced without prior
authorization from Columbia West. Final engineering plans and specifications for the
project should be reviewed and approved by Columbia West as they relate to geotechnical
and grading issues prior to final design approval. Columbia West is not responsible for
independent conclusions or recommendations made by other parties based upon
information presented in this report. Unless a particular service was expressly included in
the scope, it was not performed and there should be no assumptions based upon services
not provided. Additional report limitations and important information about this document
are presented in Appendix E. This information should be carefully read and understood by
the client and other parties reviewing this document.

Sincerely,

GQL@ EST ENGINEERING, Inc.

Daniel E. Lehto, PE, GE
Principal

Geotechnical w Environmental s Special Inspections .Ji
c I
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PARTICLE-SIZE ANALYSIS REPORT

PROJECT CLIENT PROJECT NO. LAB D
Parklands at Camas Meadows Mr. Aaron Barr & Mr. Kevin Deford 15153 S15-359
Camas, Washington Parklands at Camas Meadows, LLC REPORT DATE FIELD ID

PO Box 61962 06/16/15 TP3.1
SAMPLED SAMPLED BY
Vancouver, WA 98666 DATE
06/04/15 HDG

MATERIAL DATA

MATERIAL SAMPLED MATERIAL SOURCE USCS SOIL TYPE
Sandy SILT Test Pit TP-03 ML, Sandy Silt

depth = 2 feet

SPECIFICATIONS AASHTO SOIL TYPE
none A-7-6(7)

LABORATORY TEST DATA

LABORATORY EQUIPMENT TEST PROCEDURE
Rainhart "Mary Ann" Sifter 637 ASTM D6913, D422

ADDITIONAL DATA SIEVE DATA

initial dry mass (g) =  158.3 % gravel =  0.5%
as-received moisture content = 36.4% coefficient of curvature, C¢ = n/a % sand = 42.4%
liquid limit = 44 coefficient of uniformity, Cy = n/a % silt and clay = 57.1%
plastic limit = 28 effective size, D(q) = n/a
plasticity index = 16 Do) = n/a PERCENT PASSING
fineness modulus = n/a Do) = 0.097 mm SIEVE SIZE SIEVE SPECS
Us | mm | act. ‘ interp. | max ‘ min
6.00"  150.0 100.0%
GRAIN SIZE DISTRIBUTION 4.00"  100.0 100.0%
e s e © o 6 o oo o3 o8 300" 750 100.0%
T HNAESSIREEYE T % % § 2 ¥ B2 8% =% 250" 63.0 100.0%
100% OO 0000 O~0x—++——+ b + T 100% 200" 500 100.0%
r ﬂ\ 1 175" 450 100.0%
90% - ¥ oow |z 150" 375 100.0%
r \Q\ ] S 125" 315 100.0%
i A\ : T 1000 250 100.0%
80% e 8% O g 24 100.0%
[ \%\ 1 34" 190 100.0%
70% I 4 1 70% 5/8"  16.0 100.0%
r 1 12" 125 100.0%
[ 1 38" 950 100.0%
60% 60% 114" 630 100.0%
(o)) [ 0 ]
£ i 1 #4475  995%
[} L 4
2 50% 50% #8236 98.0%
a i 1 #0200 97.6%
B : ] #6118 91.0%
40% T T 40% #20 0850 86.8%
[ 1 #30 0600 82.7%
30% 1 300 |a #0 0425 787%
i ] Z  #50 0300 741%
[ 1 D w60 0250 71.7%
20% T 20% #80 0180 67.4%
[ 1 #100 0150 65.0%
10% 1 1 10% #140 0106 61.1%
[ 1 #170  0.090 59.2%
[ 1 #200 0075 57.1%
0% 0% DATE TESTED TESTED BY
100.00 10.00 1.00 0.10 0.01 06/08/15 SR
particle size (mm)
+ sieve sizes ——0— sieve data ﬁ"‘J C"—ﬁ

This report may not be reproduced except in full without prior written authorization by Columbia West Engineering, Inc.

COLUMBIA WEST ENGINEERING, INC. authorized signature

CWE-s12-r07/12
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ATTERBERG LIMITS REPORT

PROJECT CLIENT ] PROJECT NO. LAB ID
Parklands at Camas Meadows Mr. Aaron Barr & Mr. Kevin Deford 15153 S15-359
Camas, Washington Parklands at Camas Meadows, LLC REPORT DATE FIELD ID

PO Box 61962 06/16/15 TP3.1
Vancouver, WA 98666 DATE SAMPLED SAMPLED BY
06/04/15 HDG

MATERIAL DATA

MATERIAL SAMPLED MATERIAL SOURCE USCSSOLTYPE
Sandy SILT Test Pit TP-03 ML, Sandy Silt

depth = 2 feet

LABORATORY TEST DATA

LABORATORY EQUIPMENT TEST PROCEDURE
Liquid Limit Machine, Hand Rolled ASTM D4318

ATTERBERG LIMITS LIQUID LIMIT DETERMINATION

LIQUID LIMIT
(L) (2] (3] (4] I
liquid limit = 44 wet soil + pan weight, g = 33.30 33.31 33.93 00% £
plastic limit= 28 dry soil + pan weight, g = 29.59 29.37 29.72 80% +
plasticity index = 16 pan weight, g = 20.83 20.70 20.68 8 70% £
N (blows) = 30 20 15 g ESZ" B
moisture, %= 424%  454%  46.6% T e
SHRINKAGE PLASTIC LIMIT DETERMINATION E 30% +
o 2) © [4) ol
shrinkage limit= " n/a wet soil + pan weight, g = 27.85 27.97 0% I N I I
shrinkage ratio=  n/a dry soil + pan weight, g = 26.28 26.35 10 25 100
pan weight, g = 20.69 20.50 number of blows, "N"
moisture, % = 28.1% 277 %
ADDITIONAL DATA
PLASTICITY CHART
80 . % gravel = 0.5%
' %sand=  42.4%
20 o %siltand clay = 57.1%
L ,z" . 0 ilt =
77U Line % silt n/a
[ R % clay = n/a
60 //’ / moisture content = 36.4%
50 e
S [ o7 CH or OH "A" Line
£ r gt or
2 40 | o pd
s Y7 B -
A < /
E L l”
= 30 L v ‘ /,
20 7 = < —croro
o MH or OH
10 A /
/ CLiML 7~ ML or OL
DATE TESTED TESTED BY
0 L L L L L L L L L L L L L L L L L L L L L L L L L L L L L L L L L L L L L L L
0 10 20 30 40 50 60 70 80 90 100 06/15/15 MJR
liquid limit g J C’ —
This report may not be reproduced except in full without prior written authorization by Columbia West Engineering, Inc. COLUMBIA WEST ENGINEERING, INC. authorized signature

CWE-s14-r12/09
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PARTICLE-SIZE ANALYSIS REPORT

PROJECT CLIENT PROJECT NO. LABID
Parklands at Camas Meadows Mr. Aaron Barr & Mr. Kevin Deford 15153 S15-360
Camas, Washington Parklands at Camas Meadows, LLC REPORT DATE FIELD ID

PO Box 61962 06/16/15 TP6.1
SAMPLED SAMPLED BY
Vancouver, WA 98666 DATE
06/04/15 HDG

MATERIAL DATA

MATERIAL SAMPLED MATERIAL SOURCE USCS SOIL TYPE
Sandy Fat CLAY Test Pit TP-06 CH, Sandy Fat Clay

depth = 2.5 feet

SPECIFICATIONS AASHTO SOIL TYPE
none A-7-6(14)

LABORATORY TEST DATA

LABORATORY EQUIPMENT TEST PROCEDURE
Rainhart "Mary Ann" Sifter 637 ASTM D6913, D422

ADDITIONAL DATA SIEVE DATA

initial dry mass (g) = 173.4 % gravel = 0.1%
as-received moisture content = 32.3% coefficient of curvature, C¢ = n/a % sand = 37.3%
liquid limit = 51 coefficient of uniformity, Cy = n/a % silt and clay = 62.6%
plastic limit = 26 effective size, D(q) = n/a
plasticity index = 25 Do) = n/a PERCENT PASSING
fineness modulus = n/a Do) = n/a SIEVE SIZE SIEVE SPECS
Us | mm | act. ‘ interp. | max ‘ min
6.00"  150.0 100.0%
GRAIN SIZE DISTRIBUTION 400" 100.0 100.0%
o e 6 o o o oo o8 ge8 300" 750 100.0%
L hNAEETRI8EE T 3 RE = S R I RE Bx w=S 250" 63.0 100.0%
100% OO 00-0—0—0—0 O+ + et + T 100% 200" 50.0 100.0%
i . 1 175" 450 100.0%
[ | 1 . .
90% 0% | 150" 375 100.0%
i e 1 4 125" 315 100.0%
i \\Q 1 g 100" 250 100.0%
80% T N T80% |9 78 224 100.0%
: b\ ] 4 190 100.0%
70% I N 1 70% 5/8"  16.0 100.0%
r \ 1 12" 125 100.0%
[ ko 1 38" 950 100.0%
60% 1 T 60% 114" 630 100.0%
=4 [ 1 #4475 99.9%
[} L 4
2 50% 50% #8236 99.2%
a i 1 #10 200  99.0%
BN i ] #6118 95.7%
40% T 40% #20 0850 93.7%
[ 1 #30  0.600 90.8%
30% 1 300 |a #0 0425 87.9%
i ] Z  #50 0300 83.4%
[ 1 D 460 0250 81.1%
20% T 20% #0  0.180 76.1%
r ] #100 0150 73.2%
10% 1 1 10% #140  0.106 67.9%
[ 1 #170 0090 65.4%
[ ] #200 0075 626%
0% 0% DATE TESTED TESTED BY
100.00 10.00 1.00 0.10 0.01 06/08/15 SR
particle size (mm)
+ sieve sizes —O—— sieve data ﬁ"—J C"—ﬁ

This report may not be reproduced except in full without prior written authorization by Columbia West Engineering, Inc. COLUMBIA WEST ENGINEERING, INC. authorized signature

CWE-s12-r07/12



Exhibit 16 SP26-1005

Geotechnical = Environmental = Special Inspections
11917 NE 95* Street, Vancouver, Washington 98682

Phone: 360-823-2900, Fax: 360-823-2901 c OI u m h I a We st =€
www.columbiawestengineering.com ,/—

ATTERBERG LIMITS REPORT

PROJECT CLIENT . PROJECT NO. LABID
Parklands at Camas Meadows Mr. Aaron Barr & Mr. Kevin Deford 15153 S15-360
Camas, Washington Parklands at Camas Meadows, LLC REPORT DATE FIELD ID

PO Box 61962 06/16/15 TP6.1
VanCOUVGr, WA 98666 DATE SAMPLED SAMPLED BY
06/04/15 HDG

MATERIAL DATA

MATERIAL SAMPLED MATERIAL S_OURCE USCS SOIL TYPE
Sandy Fat CLAY Test Pit TP-06 CH, Sandy Fat Clay

depth = 2.5 feet

LABORATORY TEST DATA

LABORATORY EQUIPMENT TEST PROCEDURE
Liquid Limit Machine, Hand Rolled ASTM D4318

ATTERBERG LIMITS LIQUID LIMIT DETERMINATION

LIQUID LIMIT
0 (2] (3] (4] I
liquid limit = 51 wet soil + pan weight, g = 34.63 34.09 37.32 00% £
plastic limit= 26 dry soil + pan weight, g = 30.07 29.61 31.60 80% +
plasticity index = 25 pan weight, g = 20.69 20.73 20.85 L 70% £
_ o 60% +
N (blows) = 33 25 15 S ow | ®
moisture, % = 48.6 % 50.5 % 53.2% ,g 20% +
SHRINKAGE PLASTIC LIMIT DETERMINATION £ 30% +
o 2) © [4) ol
shrinkage limit= " n/a wet soil + pan weight, g = 27.64 27.63 0% I N I I
shrinkage ratio=  n/a dry soil + pan weight, g = 26.18 26.21 10 25 100
pan weight, g = 20.69 20.82 number of blows, "N"
moisture, % = 26.6 % 26.4 %
ADDITIONAL DATA
PLASTICITY CHART
80 . % gravel = 0.1%
i e %sand=  37.3%
20 o %siltand clay = 62.6%
L ,z" . 0, ilt =
77U Line % silt n/a
[ R % clay = n/a
60 //’ / moisture content = 32.3%
50 W
S [ ot CH or OH "A" Line
£ r gt or
2 40 | o pd
s Y7 B -
A < /
E L I”
30 7 pos <
i //r /
20 7 = < —croro
o MH or OH
10 ,x" /
yd CLiML 7~ ML or OL
DATE TESTED TESTED BY
0 L L L L L L L L L L L L L L L L L L L L L L L L L L L L L L L L L L L L L L L
0 10 20 30 40 50 60 70 80 90 100 06/15/15 MJR
liquid limit g J C’ —
This report may not be reproduced except in full without prior written authorization by Columbia West Engineering, Inc. COLUMBIA WEST ENGINEERING, INC. authorized signature

CWE-s14-r12/09



11917 NE 95% Street, Vancouver, Washington 98682

Phone: 360-823-2900, Fax: 360-823-2901

www.columbiawestengineering.com

Exhibit 16 SP26-1005

Geotechnical = Environmental = Special Inspections

Columbia West{/}

PARTICLE-SIZE ANALYSIS REPORT

PROJECT CLIENT PROJECT NO. LABID
Parklands at Camas Meadows Mr. Aaron Barr & Mr. Kevin Deford 15153 S15-361
Camas, Washington Parklands at Camas Meadows, LLC REPORT DATE FIELD ID

PO Box 61962 06/16/15 TP8.2
SAMPLED SAMPLED BY
Vancouver, WA 98666 DATE
06/04/15 HDG

MATERIAL DATA

MATERIAL SAMPLED MATERIAL SOURCE USCS SOIL TYPE
Clayey SAND Test Pit TP-08 SC, Clayey Sand

depth = 8 feet

SPECIFICATIONS AASHTO SOIL TYPE
none A-2-7(0)

LABORATORY TEST DATA

LABORATORY EQUIPMENT TEST PROCEDURE
Rainhart "Mary Ann" Sifter 637 ASTM D6913, D422

ADDITIONAL DATA SIEVE DATA

initial dry mass (g) =  151.9 % gravel = 0.1%
as-received moisture content = 42.6% coefficient of curvature, C¢ = n/a % sand = 80.1%
liquid limit = 43 coefficient of uniformity, Cy = n/a % silt and clay = 19.8%
plastic limit = 25 effective size, D(q) = n/a
plasticity index = 18 Do) = 0.173 mm PERCENT PASSING
fineness modulus = n/a Do) = 0.410 mm SIEVE SIZE SIEVE SPECS
Us | mm | act. ‘ interp. | max ‘ min
6.00"  150.0 100.0%
GRAIN SIZE DISTRIBUTION 400" 100.0 100.0%
o e 6 o o o oo o8 ge8 300" 750 100.0%
T HNAESSIREEYE T RE = S R I RE Bx w=S 250" 63.0 100.0%
100% OO 00-0—0—0—0 " et + T 100% 200" 50.0 100.0%
i 1 175" 450 100.0%
90% - Ny oow |z 150" 375 100.0%
I Q ] Y425 315 100.0%
i : T 1000 250 100.0%
80% T T80% |9 g 24 100.0%
r \\ 1 34" 19.0 100.0%
70% I 1 70% 5/8"  16.0 100.0%
r 1 12" 125 100.0%
[ 1 38" 950 100.0%
60% T 60% 114" 630 100.0%
=4 [ 1 #4475 99.9%
[} L 4
2 50% 50% #8236 99.3%
a [ s ] #0200 99.2%
BN i \ ] #6118 92.4%
40% T T 40% #20 0850 88.3%
[ \ 1 #30  0.600 74.8%
30% & X 1300 |o 0 0425 61.6%
i \;\ ] Z  #50 0300 46.8%
[ . 1 D 460 0250 39.1%
20% T 20% #0 0180 31.0%
r 1 #100 0150 26.5%
10% 1 1 10% #140  0.106 23.2%
[ 1 #170  0.090 21.6%
[ 1 #200 0075 19.8%
0% 0% DATE TESTED TESTED BY
100.00 10.00 1.00 0.10 0.01 06/08/15 SR
particle size (mm)
+ sieve sizes —0— sieve data ﬁ"—J C"—ﬁ

This report may not be reproduced except in full without prior written authorization by Columbia West Engineering, Inc.

COLUMBIA WEST ENGINEERING, INC. authorized signature

CWE-s12-r07/12



Exhibit 16 SP26-1005

Geotechnical = Environmental = Special Inspections
11917 NE 95* Street, Vancouver, Washington 98682

Phone: 360-823-2900, Fax: 360-823-2901 c OI u m h I a We st =€
www.columbiawestengineering.com ,/—

ATTERBERG LIMITS REPORT

PROJECT CLIENT ] PROJECT NO. LAB ID
Parklands at Camas Meadows Mr. Aaron Barr & Mr. Kevin Deford 15153 S15-361
Camas, Washington Parklands at Camas Meadows, LLC REPORT DATE FIELD ID

PO Box 61962 06/16/15 TP8.2
Vancouver, WA 98666 DATE SAMPLED SAMPLED BY
06/04/15 HDG

MATERIAL DATA

MATERIAL SAMPLED MATERIAL SOURCE USCS SOIL TYPE
Clayey SAND Test Pit TP-08 SC, Clayey Sand

depth = 8 feet

LABORATORY TEST DATA

LABORATORY EQUIPMENT TEST PROCEDURE
Liquid Limit Machine, Hand Rolled ASTM D4318

ATTERBERG LIMITS LIQUID LIMIT DETERMINATION

LIQUID LIMIT
(L) (2] (3] (4] I
liquid limit = 43 wet soil + pan weight, g = 39.55 37.83 35.98 00% £
plastic limit= 25 dry soil + pan weight, g = 33.98 32.70 31.23 80% +
plasticity index = 18 pan weight, g = 20.69 20.73 20.63 8 70% £
N (blows) = 30 23 17 g ESZ" B
moisture, % = 41.9%  429%  44.8% %o O—e—o
SHRINKAGE PLASTIC LIMIT DETERMINATION E 30% +
o 2) © [4) ol
shrinkage limit= " n/a wet soil + pan weight, g = 27.97 28.28 0% | I I O A
shrinkage ratio=  n/a dry soil + pan weight, g = 26.54 26.79 10 25 100
pan weight, g = 20.74 20.77 number of blows, "N"
moisture, % = 24.7 % 24.8 %
ADDITIONAL DATA
PLASTICITY CHART
80 . % gravel = 0.1%
i e %sand=  80.1%
20 o %siltand clay = 19.8%
[ //' . % silt =
77U Line % silt n/a
[ R % clay = n/a
60 //’ / moisture content = 42.6%
50 W
S [ o7 CH or OH "A" Line
£ r gt or
2 40 | o pd
s Y7 B -
A < /
E L I”
= 30 L v ‘ /,
20 & : o cL ;L/ e
e MH or OH
10 ,x" /
/ CLiML 7~ ML or OL
DATE TESTED TESTED BY
0 L L L L L L L L L L L L L L L L L L L L L L L L L L L L L L L L L L L L L L L
0 10 20 30 40 50 60 70 80 90 100 06/15/15 MJR
liquid limit g J C’ —
This report may not be reproduced except in full without prior written authorization by Columbia West Engineering, Inc. COLUMBIA WEST ENGINEERING, INC. authorized signature

CWE-s14-r12/09



11917 NE 95% Street, Vancouver, Washington 98682
Phone: 360-823-2900, Fax: 360-823-2901
www.columbiawestengineering.com

Exhibit 16 SP26-1005

Geotechnical = Environmental = Special Inspections

Columbia West{/}

PARTICLE-SIZE ANALYSIS REPORT

PROJECT CLIENT PROJECT NO. LAB D
Parklands at Camas Meadows Mr. Aaron Barr & Mr. Kevin Deford 15153 S15-362
Camas, Washington Parklands at Camas Meadows, LLC REPORT DATE FIELD ID

PO Box 61962 06/16/15 TP8.3
DATE SAMPLED SAMPLED BY
Vancouver, WA 98666 06/04/15 HDG

MATERIAL DATA

MATERIAL SAMPLED MATERIAL SOURCE USCS SOIL TYPE
Poorly graded GRAVEL with Silt and Sand | Test Pit TP-08 GP-GM, Poorly graded gravel with

depth = 12 feet silt and sand

SPECIFICATIONS AASHTO SOIL TYPE
none A-2-7(0)

LABORATORY TEST DATA

LABORATORY EQUIPMENT TEST PROCEDURE
Rainhart "Mary Ann" Sifter 637 ASTM D6913, D422

ADDITIONAL DATA SIEVE DATA

initial dry mass (g) = 3089.1 % gravel = 58.3%
as-received moisture content = 33.2% coefficient of curvature, C¢ = 0.57 % sand = 34.1%
liquid limit = 46 coefficient of uniformity, Cy = 76.93 % siltand clay = 7.6%
plastic limit = 28 effective size, D(q) = 0.164 mm
plasticity index = 18 Do) = 1.091 mm PERCENT PASSING
fineness modulus = n/a Do) = 12.637 mm SIEVE SIZE SIEVE SPECS
Us | mm | act. ‘ interp. | max ‘ min
6.00"  150.0 100.0%
GRAIN SIZE DISTRIBUTION 400" 100.0 100.0%
o e e e o o oo oS SeS 300" 750 100.0%
T HNAESSIREEYE T RE = S R I RE Bx w=S 250" 63.0 100.0%
100% O—OO-Qf#—4—+++-+—+ + + et + T 100% 200" 500 100.0%
r QC 1 175" 450 98.6%
%0% | \Q Loow o 150" 375 96.3%
i 1 Y 125 315 94.0%
; ] & 100" 250 91.1%
80% 1 T80% |9 78 224 85.6%
r 1 34" 190 77.5%
20% & 1 70% 58" 160 70.1%
r 1 12" 125  595%
r \ 1 38" 950 526%
60% T 60% 114" 630  44.6%
2 [ \ 1 #0475 MT%
@ 500 = ] 1 50% # 236 38.7%
3 i N\ ] #0200 380%
B i b\& ] #6118 31.0%
40% ~O¢ T 40% #0 0850 26.7%
r 1 #30 0600 21.3%
30% & \1\ 1300 |a #0 0425 160%
r \0\ 1 Z #0030 13.2%
[ N 1 D 460 0250 11.8%
20% T N T 20% #0 0180 10.4%
r \3\(%\ 1 #100 0150  9.6%
10% o0 .l 1 10% #140  0.106 8.6%
r T 1 #170  0.090 8.1%
r 1 #200 0075 7.6%
0% ‘ 0% DATE TESTED TESTED BY
100.00 10.00 1.00 0.10 0.01
particle size (mm) 06/08/15 BTT/MJR
+ sieve sizes —0— sieve data ﬁ"—J C"—ﬁ

This report may not be reproduced except in full without prior written authorization by Columbia West Engineering, Inc.

COLUMBIA WEST ENGINEERING, INC. authorized signature

CWE-s12-r07/12



Exhibit 16 SP26-1005

Geotechnical = Environmental = Special Inspections
11917 NE 95* Street, Vancouver, Washington 98682

Phone: 360-823-2900, Fax: 360-823-2901 c OI u m h I a We st =€
www.columbiawestengineering.com ,/—

ATTERBERG LIMITS REPORT

PROJECT CLIENT ] PROJECT NO. LAB ID
Parklands at Camas Meadows Mr. Aaron Barr & Mr. Kevin Deford 15153 S15-362
Camas, Washington Parklands at Camas Meadows, LLC REPORT DATE FIELD ID

PO Box 61962 06/16/15 TP8.3
vancouver, WA 98666 DATE SAMPLED SAMPLED BY
06/04/15 HDG

MATERIAL DATA

MATERIAL SAMPLED ] ] MATERIAL SOURCE USCS SOIL TYPE o
Poorly graded GRAVEL with Silt and Sand Test Pit TP-08 GP-GM, Poorly graded gravel with silt

depth = 12 feet and sand

LABORATORY TEST DATA

LABORATORY EQUIPMENT TEST PROCEDURE
Liquid Limit Machine, Hand Rolled ASTM D4318

ATTERBERG LIMITS LIQUID LIMIT DETERMINATION

LIQUID LIMIT
(L) (2] (3] (4] I
liquid limit = 46 wet soil + pan weight, g = 39.57 37.55 37.51 00% £
plastic limit= 28 dry soil + pan weight, g = 33.76 32.29 32.08 80% +
plasticity index = 18 pan weight, g = 20.69 20.82 20.87 8 70% £
N (blows) = 35 25 18 g ESZ" B
moisture, % = 44.5 % 45.9 % 48.4 % 2 o | S—o—o
SHRINKAGE PLASTIC LIMIT DETERMINATION £ 30% +
o 2) © [4) ol
shrinkage limit= " n/a wet soil + pan weight, g = 27.57 27.51 0% I N I I
shrinkage ratio=  n/a dry soil + pan weight, g = 26.11 26.06 10 25 100
pan weight, g = 20.82 20.80 number of blows, "N"
moisture, % = 27.6 % 27.6 %
ADDITIONAL DATA
PLASTICITY CHART
80 . % gravel = 58.3%
' %sand=  34.1%
20 o % silt and clay = 7.6%
L ,z" . 0, ilt =
77U Line % silt n/a
[ R % clay = n/a
60 //’ / moisture content = 33.2%
50 W
e [ o7 CH or OH "A'l Line
£ r gt or
2 40 | o pd
s Y7 B -
A < /
E L I”
= 30 L v ‘ /,
2 B ;C’Ld/
e MH or OH
10 ,x" /
/ CLiML 7~ ML or OL
DATE TESTED TESTED BY
0 L L L L L L L L L L L L L L L L L L L L L L L L L L L L L L L L L L L L L L L
0 10 20 30 40 50 60 70 80 90 100 06/15/15 MJR
liquid limit g J C’ —
This report may not be reproduced except in full without prior written authorization by Columbia West Engineering, Inc. COLUMBIA WEST ENGINEERING, INC. authorized signature

CWE-s14-r12/09
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SUBSURFACE EXPLORATION LOGS



Exhibit 16 SP26-1005

11917 NE 95TH Str‘eet, Vancouver‘, Washington 98682 Geotechnical = Environmental = Special Inspections 1.

Phone: 360-823-2900, Fax: 360-823-2901 i

www.columbiawestengineering.com cnl“mhla w33t=€lj‘
TEST PIT LOG

PROJECT NAME CLIENT PROJECT NO. TEST PIT NO.
The Parklands at Camas Meadows Parklands, LLC 15153 TP-1
PROJECT LOCATION CONTRACTOR EQUIPMENT ENGINEER DATE
Camas, Washington Excavator HDG 6/4/15
TEST PIT LOCATION APPROX. SURFACE ELEVATION GROUNDWATER DEPTH START TIME FINISH TIME
See Figure 2 186 2.5 ft bgs 1030 1035
[
>
Depth| Sample SCS  |AASHTO|USCS SE_120 | ze | 2x I
(fZ'éi) Fielr()j Soil Survey | Soil | Soil Gfghic LITHOLOGIC DESCRIPTION AND REMARKS e 2 =S gg 2 g '”?'U?tlon
ID Description | Type | Type 9 SO & ‘; = == esiing
P4
0 Approximately 10 to 12 inches of topsoil and

root zone material.

GP-GM Poorly graded GRAVEL with silt and sand,
o| £ dense, wet to saturated. Represents weathered
| conglomerate bedrock.

- | Difficult excavation. 6" to 8" weathered cobbles
-| k| observed.

Refusal at 3.0 feet, competent conglomerate
bedrock encountered.

| Bottom of test pit at 3.0 feet.

Groundwater encountered at 2.5 feet.

20




Exhibit 16 SP26-1005

11917 NE 95TH Str‘eet, Vancouver‘, Washington 98682 Geotechnical = Environmental = Special Inspections 1.

Phone: 360-823-2900, Fax: 360-823-2901 i

www.columbiawestengineering.com cnl“mhla w33t=€lj‘
TEST PIT LOG

PROJECT NAME CLIENT PROJECT NO. TEST PIT NO.
The Parklands at Camas Meadows Parklands, LLC 15153 TP-2
PROJECT LOCATION CONTRACTOR EQUIPMENT ENGINEER DATE
Camas, Washington Excavator HDG 6/4/15
TEST PIT LOCATION APPROX. SURFACE ELEVATION GROUNDWATER DEPTH START TIME FINISH TIME
See Figure 2 190 Not encountered. 1000 1015
[
>
Depth| Sample SCS  |AASHTO|USCS SE_120 | ze | 2x -
(fZ'éi) Field Soil Survey | Soil | Soil Gfghic LITHOLOGIC DESCRIPTION AND REMARKS e 2 =S gg 238 '”?'U?tlon
ID Description | Type | Type 9 SO & ‘; = == esiing
P4
0 Approximately 12 to 14 inches of topsoil and

root zone material.

GP-GM Poorly graded GRAVEL with silt and sand,
o| £ dense, wet to saturated. Represents weathered
| conglomerate bedrock.

Difficult excavation. 6" to 8" weathered cobbles
observed.

Refusal at 3.5 feet, competent conglomerate
B bedrock encountered.

Bottom of test pit at 3.5 feet.

Groundwater not encoutered.

20




Exhibit 16 SP26-1005

11917 NE 95TH Str‘eet, Vancouver‘, Washington 98682 Geotechnical = Environmental = Special Inspections 1.

Phone: 360-823-2900, Fax: 360-823-2901 i

www.columbiawestengineering.com cnl“mhla w33t=€lj‘
TEST PIT LOG

PROJECT NAME CLIENT PROJECT NO. TEST PIT NO.
The Parklands at Camas Meadows Parklands, LLC 15153 TP-3
PROJECT LOCATION CONTRACTOR EQUIPMENT ENGINEER DATE
Camas, Washington Excavator HDG 6/4/15
TEST PIT LOCATION APPROX. SURFACE ELEVATION GROUNDWATER DEPTH START TIME FINISH TIME
See Figure 2 208 Not encountered. 1115 1130
[
>
Depth | Sample SCS  |AASHTO|UsCs 5.2 | 22| Zx —_—
(fZ'éi) Field Soil Survey | Soil | Soil Gfghic LITHOLOGIC DESCRIPTION AND REMARKS e 2 =S gg 238 '”?'U?tlon
ID Description | Type | Type 9 SO & ‘; = == esiing
P4
0 Approximately 16 to 18 inches of topsoil and

root zone material.

CL "4 Brown sandy CLAY, moist, medium stiff, fines
- TP3.1 A-7-6(7) are medium plasticity. 36.4 | 57.1 44 16
GP-GM Poorly graded GRAVEL with silt and sand,

B 0| | dense, wet to saturated, gravels are rounded to
|4 subrounded. Represents weathered
| | conglomerate bedrock.

Difficult excavation.
Refusal at 4.5 feet, competent conglomerate
- 5 bedrock encountered.

Bottom of test pit at 4.5 feet.
Groundwater not encoutered.

20




Exhibit 16 SP26-1005

11917 NE 95TH Str‘eet, Vancouver‘, Washington 98682 Geotechnical = Environmental = Special Inspections 1.

Phone: 360-823-2900, Fax: 360-823-2901 i

www.columbiawestengineering.com cnl“mhla w33t=€[7‘
TEST PIT LOG

PROJECT NAME CLIENT PROJECT NO. TEST PIT NO.
The Parklands at Camas Meadows Parklands, LLC 15153 TP-4
PROJECT LOCATION CONTRACTOR EQUIPMENT ENGINEER DATE
Camas, Washington Excavator HDG 6/4/15
TEST PIT LOCATION APPROX. SURFACE ELEVATION GROUNDWATER DEPTH START TIME FINISH TIME
See Figure 2 214 Not encountered. 1150 1200
[
>
Depth| Sample SCS  |AASHTO|USCS SE_120 | ze | 2x -
ept o i Surv i - | Graphic LITHOLOGIC DESCRIPTION AND REMARKS ZEL| 298| 2E | 28 | Infitration
(feet) Field Soil Survey | Soi Soil L 50 “o| g5 ? 2 T
ID Description | Type | Type 09 sO |av¥ = 8= esting
o o
P4
0 Approximately 12 to 16 inches of topsoil and
root zone material.
B CL Brown sandy CLAY, moist, medium stiff, fines
are medium plasticity.
i GP-GM Poorly graded GRAVEL with silt and sand,
| o dense, wet to saturated, gravels are rounded to
- ! subrounded. Represents weathered

conglomerate bedrock.

Refusal at 3.0 feet, competent conglomerate
bedrock encountered.

Bottom of test pit at 3.0 feet.

- 5 Groundwater not encountered.

20




Exhibit 16 SP26-1005

11917 NE 95TH Str‘eet, Vancouver‘, Washington 98682 Geotechnical = Environmental = Special Inspections 1.

Phone: 360-823-2900, Fax: 360-823-2901 i

www.columbiawestengineering.com cnl“mhla w33t=€lj‘
TEST PIT LOG

PROJECT NAME CLIENT PROJECT NO. TEST PIT NO.
The Parklands at Camas Meadows Parklands, LLC 15153 TP-5
PROJECT LOCATION CONTRACTOR EQUIPMENT ENGINEER DATE
Camas, Washington Excavator HDG 6/4/15
TEST PIT LOCATION APPROX. SURFACE ELEVATION GROUNDWATER DEPTH START TIME FINISH TIME
See Figure 2 228 Not encountered. 1245 1255
[
>
Depth | Sample SCS  |AASHTO|UsCs 5.2 | 22| Zx —_—
(fZ'éi) Field Soil Survey | Soil | Soil Gfghic LITHOLOGIC DESCRIPTION AND REMARKS e 2 =S gg 238 '”?'U?tlon
ID Description | Type | Type 9 SO & ‘; = == esiing
P4
0 Approximately 12 to 14 inches of topsoil and

root zone material.

CL Brown sandy CLAY, moist, medium stiff, fines
are medium plasticity.

GP-GM Poorly graded GRAVEL with silt and sand,

B 0| | dense, wet to saturated, gravels are rounded to
|4 subrounded. Represents weathered

| | conglomerate bedrock.

Difficult excavation.

Refusal at 4.5 feet, competent conglomerate
- 5 bedrock encountered.

Bottom of test pit at 4.5 feet.

Groundwater not encoutered.

20




Exhibit 16 SP26-1005

11917 NE 95TH Str‘eet, Vancouver‘, Washington 98682 Geotechnical = Environmental = Special Inspections 1.

Phone: 360-823-2900, Fax: 360-823-2901 i

www.columbiawestengineering.com cnl“mhla w33t=€lj‘
TEST PIT LOG

PROJECT NAME CLIENT PROJECT NO. TEST PIT NO.
The Parklands at Camas Meadows Parklands, LLC 15153 TP-6
PROJECT LOCATION CONTRACTOR EQUIPMENT ENGINEER DATE
Camas, Washington Excavator HDG 6/4/15
TEST PIT LOCATION APPROX. SURFACE ELEVATION GROUNDWATER DEPTH START TIME FINISH TIME
See Figure 2 210 Not encountered. 1215 1230
)
Depth| Sample SCS | AASHTO|uscs 2 123 | o | 2« L
(feet Field | SoilSuvey | Soil | soi | C/2phic LITHOLOGIC DESCRIPTION AND REMARKS Ec21938| 2E| 58 '”?'t";‘_t'on
ID Description | Type | Type 09 SO & ‘; = == esiing
=z
0 Approximately 12 to 14 inches of topsoil and
root zone material.
B CH Brown sandy FAT CLAY, moist, medium stiff,
fines are moderate to high plasticity.
- TP6.1 A-7-6(14) 323 | 626 | 51 25
GP-GM Poorly graded GRAVEL with silt and sand,
B 0| | dense, wet to saturated, gravels are rounded to
| d subrounded. Represents weathered
i | | conglomerate bedrock.
L 5 | d Difficult excavation. 6" to 8" weathered cobbles
| | observed.
i 0 | d
| Refusal at 6.5 feet, competent conglomerate
bedrock encountered.
Bottom of test pit at 6.5 feet.
u Groundwater not encountered.
- 10
- 15

20




Exhibit 16 SP26-1005

11917 NE 95TH Str‘eet, Vancouver‘, Washington 98682 Geotechnical = Environmental = Special Inspections 1.

Phone: 360-823-2900, Fax: 360-823-2901 i

www.columbiawestengineering.com cnl“mhla w33t=€lj‘
TEST PIT LOG

PROJECT NAME CLIENT PROJECT NO. TEST PIT NO.
The Parklands at Camas Meadows Parklands, LLC 15153 TP-7
PROJECT LOCATION CONTRACTOR EQUIPMENT ENGINEER DATE
Camas, Washington Excavator HDG 6/4/15
TEST PIT LOCATION APPROX. SURFACE ELEVATION GROUNDWATER DEPTH START TIME FINISH TIME
See Figure 2 218 Not encountered. 810 815
()
>
Depth| Sample SCS  |AASHTO|USCS $5.120 | =< | 2x I
ooy | Field | soilsurvey|  Soil | Soil Graphic LITHOLOGIC DESCRIPTION AND REMARKS 2:8|%38 BE| F2 '”?'”";‘.t'on
ID Description | Type | Type 9 SO & ‘; = == esiing
P4
0 Approximately 12 to 14 inches of topsoil and

root zone material.

GP-GM Poorly graded GRAVEL with silt and sand,

o| o dense, wet to saturated, gravels are rounded to
| subrounded. Represents weathered

| © conglomerate bedrock.

- o| O Difficult excavation. 6" to 8" weathered cobbles
observed.

Refusal at 3.5 feet, competent conglomerate

B bedrock encountered.

Bottom of test pit at 3.5 feet.

Groundwater not encoutered.
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TEST PIT LOG

Geotechnical = Environmental = Special Inspections

Columbia West{/}

PROJECT NAME CLIENT PROJECT NO. TEST PIT NO.
The Parklands at Camas Meadows Parklands, LLC 15153 TP-8
PROJECT LOCATION CONTRACTOR EQUIPMENT ENGINEER DATE
Camas, Washington Excavator HDG 6/4/15
TEST PIT LOCATION APPROX. SURFACE ELEVATION GROUNDWATER DEPTH START TIME FINISH TIME
See Figure 2 210 Not encountered 830 900
[
>
Depth| Sample SCS | AASHTO|Uscs £ _ 123 | 3o | 2x I
ent o T Surv i == | Graphic LITHOLOGIC DESCRIPTION AND REMARKS ZEL| 298| 2E | 28 | Infitration
(feet) Field Soil Survey Sol Soil Lo 50 “o| g5 o g Testin
D Description | Type | Type 9 =0 |a ‘; - - 9
P4
0 Approximately 16 to 18 inches of topsoil and
root zone material.
CL Brown sandy CLAY, moist, medium stiff, fines
B are medium plasticity.
- 5
SC /777 f f f
25557 Light brown_clayey SAND, moist, anse, lightly
B /774 cemented, fines are medium plasticity.
4
LS
A
- /'
LS
A
s
- TP8.2 A-2-7(0) GG 426 | 19.8 | 43 18
e e .
77z Difficult excavation.
4
B 4
LLLL
4
4
- 10 LLLL
4
4
LLLL
- 4
4
LLLL
LSS
| LSS
GP-GMy, | 4 Poorly graded GRAVEL with silt and sand,
TP8.3 A-2-7(0) o| 0 dense, saturated, gravels are subrounded to 332 | 76 | 46 18
| rounded.
i | d
B sllie
- 15 | d
“l Pl Groundwater seep.
L
| Refusal at 16.5 feet, competent conglomerate
bedrock encountered..
Bottom of test pit at 16.5 feet.
- Groundwater encoutered at 15.5 feet.
20




Exhibit 16 SP26-1005

APPENDIX C
SOIL CLASSIFICATION INFORMATION



Exhibit 16 SP26-1005

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—2.00 mm | 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 FOOT) STRENGTH, tsf)
Very Soft 2 less than 0.25
Soft 2to4 0.25t0 0.50
Medium Stiff 4108 0.50t0 1.0
Stiff 8t0 15 1.0 to2.0
Very Stiff 15to 30 20 to4.0
Hard 30 to 60 greater than 4.0
Very Hard greater than 60 -

Relative Density for Granular Soil

SPT N-VALUE
RELATIVE DENSITY (BLOWS PER FOOT)
Very Loose Oto4
Loose 4t0 10
Medium Dense 10 to 30
Dense 30to 50
Very Dense 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. Sail 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
(35 Percent or Less Passing .075 mm)

General Classification

Silt-Clay Materials
(More than 35 Percent Passing 0.075)

Exhibit 16 SP26-1005

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

General Classification

Granular Materials

(35 Percent or Less Passing 0.075 mm)

Silt-Clay Materials

(More than 35 Percent Passing 0.075 mm)

A-1 A-2 A-7
A-7-5,
Group Classification A-1-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 1imin
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



GROUP SYMBOL

GW. <15% sand

Exhibit 16 SP26-1005

GROUP NAME

<5% fines i:(:uzzt and 1=Cc=<3

Cu<4 and/or 1>Cc>3

Well-graded gravel

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

GP

fines = ML or MH
Cu4 and 1<Cc<3 <
fines = CL, CH,

Poorly graded gravel

<15% sand
\> 215% sand ——— Poorly graded gravel with sand

GW-GM

GW-GC

Well-graded gravel with silt

\ <15% sand
215% sand —— Well-graded gravel with silt and sand

GP-GM

Well-graded gravel with clay (or silty clay)

\ <15% sand
215% sand —— Well-graded gravel with clay and sand

(or silty clay and sand)

GP-GC

Poorly graded gravel with silt

\ <15% sand
215% sand ——— Poorly graded gravel with silt and sand

GM

Poorly graded gravel with clay (or silty clay)

\ <15% sand
215% sand —— Poorly graded gravel with clay and sand

(or silty clay and sand)

Silty gravel

<15% sand
\ 215% sand ———— Silty gravel with sand

GC-GM

Clayey gravel

<15% sand
\b 215% sand —— Clayey grawvel with sand

SW

<15% gravel
\> 215% gravel

SP

<15% gravel
o gravel

SW-SM

\ <15% gravel
215% gravel

SW-SC\ <15% gravel
215% gravel

SP-SM

\ <15% grawel
215% gravel

SP-SC

<15% gravel
— >15% gravel

SM

\ <15% gravel
215% gravel

SC

<15% gravel
i gravel

SC-SM \ <15% gravel
215% gravel

Flow Chart for Classifying Coarse-Grained Soils (More Than 50% Retained on No. 200 Sieve)

GRAVEL (or CL-ML)
% gravel > 5-12% fines
% sand
fines = ML or MH
Cu<4 and/or 1>Cc>3 <:
fines = CL, CH,
(or CL-ML)
/ﬁnes =ML or MH
>12% fines fines = CL or CH
\ﬁnes = LML
<5% fines i:CuZG and 1sCcs3
Cu<6 and/or 1>Cc>3
fines = ML or MH
Cuz6 and 1sCc<3 <
fines = CL, CH,
SAND (or CL-ML)
% sand = 5-12% fines
% gravel
fines = ML or MH
Cus<6 and/or 1>Cc>3 <
fines = CL, CH,
(or CL-ML)
/ﬁnes = ML or MH
>12% fines fines = CL or CH
\ﬁnes = oML
GROUP SYMBOL
< 30% plus No.
Pl > 7 and plots—— CL
on or above
"A"-line = 30% plus No.
< 30% plus No.
4<Pl<7and — CL-ML
Inorganic plots on or above
"A"-line 230% plus No.
< 30% plus No.
LL <50
Pl < 4 orplots —» ML
below "A"-line
2 30% plus No.
LL -ovendried
Organic <0.75 oL
LL -not dried
< 30% plus No.
Pl plots onor ——» CH
abowe "A"-line
2 30% plus No.
Inorganic
< 30% plus No.
LL 250 Pl plots below ———» MH
"A"-line
>30% plus No.
LL -ovendried
Organic <0.75 OH

LL -not dried

200
200
200
200
200
200
200

200

Silty, clayey gravel

\ <15% sand
215% sand —— > Silty, clayey gravel with sand

— > Well-graded sand

— > Well-graded sand with gravel
—— Poorly graded sand
——— Poorly graded sand with gravel

—— Well-graded sand with silt
—— > Well-graded sand with silt and gravel
—— > Well-graded sand with clay (or silty clay)
——— Well-graded sand with clay and gravel
(or silty clay and gravel)

—— Poorly graded sand with silt
—— Poorly graded sand with silt and gravel
——— Poorly graded sand with clay (or silty clay)
——— Poorly graded sand with clay and gravel

(or silty clay and gravel)

—— Silty sand

——— Silty sand with gravel
——— Clayey sand

——— Clayey sand with gravel
—— Silty, clayey sand
— Silty, clayey sand with gravel

GROUP NAME

< 15% plus No. 200-

Lean clay

15-29% plus No. 200<: % sand = % gravel — Lean clay with sand
% sand < % gravel — Lean clay with gravel

% sand = % gravel ?: < 15% gravel ——— Sandy lean clay

2 15% gravel —— Sandy lean clay with gravel
% sand < % gravel Y < 15% sand —— Grawelly lean clay

2 15% sand ——» Grawelly lean clay with sand

< 15% plus No. 200.

Silty clay

15-29% plus No. ZOOYZ % sand = % gravel — Silty clay with sand
% sand < % gravel — Silty clay with gravel

% sand < % gravel i: < 15% sand —— Grawelly silty clay
2 15% sand ——» Grawelly silty clay with sand

< 15% plus No. 200.

Silt

15-29% plus No. 200<: % sand 2 % gravel — Silt with sand
% sand < % gravel — Silt with gravel

% sand = % gravel i: < 15% gravel —— Sandy silt
2 15% gravel ——— Sandy silt with gravel

% sand < % gravel Y < 15% sand ——» Gravelly silt
2 15% sand —— Grawelly silt with sand

< 15% plus No. 200

Fat clay

% sand 2 % gravel ?: < 15% gravel —— Sandy silty clay
< 2 15% gravel —— Sandy silty clay with gravel

15-29% plus No. 200<: % sand 2 % gravel — Fat clay with sand
% sand < % gravel — Fat clay with gravel

< 15% plus No. 200

% sand 2 % gravel i: < 15% gravel ——— Sandy fat clay

2= 15% gravel —— Sandy fat clay with gravel
% sand < % gravel i: < 15% sand —— > Grawelly fat clay

2 15% sand —— Grawelly fat clay with sand

Elastic silt

Ay

15-29% plus No. 200<: % sand 2 % gravel — Elastic silt with sand
% sand < % gravel — Elastic silt with gravel

% sand 2 % gravel ?: < 15% gravel —— Sandy elastic silt
2 15% gravel —— Sandy elastic silt with gravel

% sand < % gravel ?: < 15% sand —— Grawelly elastic silt
2 15% sand —— Grawelly elastic silt with sand

Flow Chart for Classifying Fine-Grained Soil (50% or More Passes No. 200 Sieve)
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Geotechnical = Environmental = Special Inspections PHOTO LOG
cnlumhla WESt I—‘ Parklands at Camas Meadows
Engineering, Inc Camas,Washington

Shallow conglomerate bedrock in Test Pit Shallow hyaoclastic sandstone bedrock in
TP-1 Test Pit TP-3

Deeper conglomerate bedrock
encountered in Test Pit TP-8

Shallow groundwater near Test Pit TP-1

Geotechnical * Environmental * Special Inspection ¢ Materials Testing
www.columbiawestengineering.com
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Geotechnical = Environmental = Special Inspections

Columbia West¢™ @

Date: June 23, 2015
Project: Parklands at Camas Meadows
Camas, Washington

Geotechnical and Environmental Report Limitations and Important Information

Report Purpose, Use, and Standard of Care

This report has been prepared in accordance with standard fundamental principles and practices of
geotechnical engineering and/or environmental consulting, and in a manner consistent with the level of
care and skill typical of currently practicing local engineers and consultants. This report has been
prepared to meet the specific needs of specific individuals for the indicated site. It may not be adequate
for use by other consultants, contractors, or engineers, or if change in project ownership has occurred.
It should not be used for any other reason than its stated purpose without prior consultation with
Columbia West Engineering, Inc. (Columbia West). It is a unique report and not applicable for any
other site or project. If site conditions are altered, or if modifications to the project description or
proposed plans are made after the date of this report, it may not be valid. Columbia West cannot
accept responsibility for use of this report by other individuals for unauthorized purposes, or if problems
occur resulting from changes in site conditions for which Columbia West was not aware or informed.

Report Conclusions and Preliminary Nature

This geotechnical or environmental report should be considered preliminary and summary in nature.
The recommendations contained herein have been established by engineering interpretations of
subsurface soils based upon conditions observed during site exploration. The exploration and
associated laboratory analysis of collected representative samples identifies soil conditions at specific
discreet locations. It is assumed that these conditions are indicative of actual conditions throughout the
subject property. However, soil conditions may differ between tested locations at different seasonal
times of the year, either by natural causes or human activity. Distinction between soil types may be
more abrupt or gradual than indicated on the soil logs. This report is not intended to stand alone
without understanding of concomitant instructions, correspondence, communication, or potential
supplemental reports that may have been provided to the client.

Because this report is based upon observations obtained at the time of exploration, its adequacy may
be compromised with time. This is particularly relevant in the case of natural disasters, earthquakes,
floods, or other significant events. Report conclusions or interpretations may also be subject to revision
if significant development or other manmade impacts occur within or in proximity to the subject property.
Groundwater conditions, if presented in this report, reflect observed conditions at the time of
investigation. These conditions may change annually, seasonally or as a result of adjacent
development.

Additional Investigation and Construction QA/QC

Columbia West should be consulted prior to construction to assess whether additional investigation
above and beyond that presented in this report is necessary. Even slight variations in soil or site
conditions may produce impacts to the performance of structural facilities if not adequately addressed.
This underscores the importance of diligent QA/QC construction observation and testing to verify soll
conditions do not differ materially or significantly from the interpreted conditions utilized for preparation
of this report.

Therefore, this report contains several recommendations for field observation and testing by Columbia
West personnel during construction activities. Actual subsurface conditions are more readily observed
and discerned during the earthwork phase of construction when soils are exposed. Columbia West
cannot accept responsibility for deviations from recommendations described in this report or future

Geotechnical * Environmental e Special Inspections * Materials Testing
11917 NE 95+ Street Vancouver, \Washington 98682 ¢ Phone: 360-823-2900, Fax: 360-823-2901
www.columbiawestengineering.com
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Geotechnical and Environmental Report Limitations and Important Information Page 2 of 2
Columbia West Engineering, Inc.

performance of structural facilities if another consultant is retained during the construction phase or
Columbia West is not engaged to provide construction observation to the full extent recommended.

Collected Samples

Uncontaminated samples of soil or rock collected in connection with this report will be retained for thirty
days. Retention of such samples beyond thirty days will occur only at client’s request and in return for
payment of storage charges incurred. All contaminated or environmentally impacted materials or
samples are the sole property of the client. Client maintains responsibility for proper disposal.

Report Contents

This geotechnical or environmental report should not be copied or duplicated unless in full, and even
then only under prior written consent by Columbia West, as indicated in further detail in the following
text section entitled Report Ownership. The recommendations, interpretations, and suggestions
presented in this report are only understandable in context of reference to the whole report. Under no
circumstances should the soil boring or test pit excavation logs, monitor well logs, or laboratory
analytical reports be separated from the remainder of the report. The logs or reports should not be
redrawn or summarized by other entities for inclusion in architectural or civil drawings, or other relevant
applications.

Report Limitations for Contractors

Geotechnical or environmental reports, unless otherwise specifically noted, are not prepared for the
purpose of developing cost estimates or bids by contractors. The extent of exploration or investigation
conducted as part of this report is usually less than that necessary for contractor’s needs. Contractors
should be advised of these report limitations, particularly as they relate to development of cost
estimates. Contractors may gain valuable information from this report, but should rely upon their own
interpretations as to how subsurface conditions may affect cost, feasibility, accessibility and other
components of the project work. If believed necessary or relevant, contractors should conduct
additional exploratory investigation to obtain satisfactory data for the purposes of developing adequate
cost estimates. Clients or developers cannot insulate themselves from attendant liability by disclaiming
accuracy for subsurface ground conditions without advising contractors appropriately and providing the
best information possible to limit potential for cost overruns, construction problems, or
misunderstandings.

Report Ownership

Columbia West retains the ownership and copyright property rights to this entire report and its contents,
which may include, but may not be limited to, figures, text, logs, electronic media, drawings, laboratory
reports, and appendices. This report was prepared solely for the client, and other relevant approved
users or parties, and its distribution must be contingent upon prior express written consent by Columbia
West. Furthermore, client or approved users may not use, lend, sell, copy, or distribute this document
without express written consent by Columbia West. Client does not own nor have rights to electronic
media files that constitute this report, and under no circumstances should said electronic files be
distributed or copied. Electronic media is susceptible to unauthorized manipulation or modification, and
may not be reliable.

Consultant Responsibility

Geotechnical and environmental engineering and consulting is much less exact than other scientific or
engineering disciplines, and relies heavily upon experience, judgment, interpretation, and opinion often
based upon media (soils) that are variable, anisotropic, and non-homogenous. This often results in
unrealistic expectations, unwarranted claims, and uninformed disputes against a geotechnical or
environmental consultant. To reduce potential for these problems and assist relevant parties in better
understanding of risk, liability, and responsibility, geotechnical and environmental reports often provide
definitive statements or clauses defining and outlining consultant responsibility. The client is
encouraged to read these statements carefully and request additional information from Columbia West
if necessary.

Geotechnical * Environmental e Special Inspections * Materials Testing
11917 NE 95+ Street Vancouver, \Washington 98682 ¢ Phone: 360-823-2900, Fax: 360-823-2901
www.columbiawestengineering.com
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INTRODUCTION

Ecological Land Services, Inc. (ELS) has completed a wetland delineation for Parklands at
Camas, LL.C on NW 218™ Avenue, in Camas, Washington. The study area consists of Tax
Parcels 175948-000 and 986031-650, and is located in Section 28, Township 2 North, Range 3
East, of the Willamette Meridian in the City of Camas Water Resources Inventory Area 28
(Figure 1). This report summarizes the findings of the wetland determination according to the
City of Camas Municipal Code (CMC) Chapter16.53 — Wetlands.

METHODOLOGY

ELS conducted a site visit on April 28, 2015 to delineate the onsite critical areas, assess wetland
functions, and gather vegetation, soils, and hydrology data within the study area. Wetlands were
delineated onsite with consecutively numbered wetland boundary flagging. The wetland
boundaries were primarily determined by topographical changes and the presence of hydric soils,
hydrology, and hydrophytic vegetation. Vegetation, soil, and hydrology data were collected
from seven test plots within the study area to verify the presence and boundaries of the wetlands
(Figure 2 and Appendix A). Soil colors in test plots were evaluated by hue, value, and chroma
using the Munsell Soil Color Chart (Munsell 2000).

Wetlands A, B and C were delineated using the Routine Determination Method according to the
Corps of Engineers Wetland Delineation Manual (Environmental Laboratory 1987), the Final
Regional Supplement to the Corps of Engineers Wetland Delineation Manual: Western
Mountains, Valleys, and Coast Region (Version 2.0) (2010). The Routine Determination Method
examines vegetation, hydrology, and soils to determine if wetlands exist in a given area. The
presence of hydrology is critical in determining what qualifies as a wetland; however, since
hydrologic conditions can change periodically (hourly, daily, or seasonally) it is necessary to
determine if hydrophytic vegetation and hydric soils exist, indicating water is present long
enough to support a wetland plant community. By definition, wetlands are those areas that are
inundated or saturated by surface or ground water at a frequency and duration sufficient to
support, and under normal circumstances do support, a prevalence of vegetation typically
adapted for life in saturated soil conditions. Wetlands are regulated by the United States Army
Corps of Engineers (Corps) as “Waters of the United States,” by the Washington State
Department of Ecology (Ecology) as “Waters of the State,” and locally by the City of Camas
Municipal Code (CMC) Chapter 16.53 - Wetlands.

SITE DESCRIPTION

The approximate 36-acre study area consists of mainly deciduous and coniferous forested
wetlands, with small areas of forested upland hummocks interspersed. The area slopes gently to
the northwest and currently there are no buildings or structures located in the study area.

Area surrounding the parcels consists of residential housing developments to the southeast,
private land use (pasture) and private single-family residences to the southwest, open grassland

Parklands at Camas, LLC Ecological Land Services, Inc.
Wetland Delineation Report December 2015
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and a golf course to the northwest and northeast, with Lacamas Creek and Lacamas Lake on the
other side of the golf course. The property is accessed from NW Camas Meadows Drive and NW
Payne Street, along the westermn property boundary.

SOILS

The soils within the study area are mapped as Cove silty clay loam, 0 to 3 percent slopes (CvA),
Hesson clay loam, 0 to 8 percent slopes (HcB), Hesson clay loam, 8 to 20 percent slopes (HcD),
Hesson clay loam, 20 to 30 percent slopes (HcE), and Lauren gravelly loam, 0 to 8 percent

slopes (LgB) (Figure 3).

Cove silty clay loam soil is found in concave drainage ways and in large, flat, old lakebeds. The
slope is generally less than 1 percent. In a typical profile the surface layer is very dark gray silty
clay loam about 4 inches thick. Below this is firm clay about 32 inches thick. Surface runoff is
very slow, and ponding is common in winter unless drainage is provided. The Cove series
consists of deep, poorly drained, mostly nearly level soils. The Hesson clay loam series soils are
generally found on terraces and are formed from alluvium. The slopes range from 0 to 30
percent. In typical profiles, Hesson clay loams consist of clay loam from 0 to 12 inches below
ground surface (BGS) and clay from 12 to 60 inches BGS. Hesson clay loam (HcE) differs
slightly, in that a typical profile consists of clay loam from O to 9 inches BGS, and clay from 9 to
60 inches BGS. This soil series is well drained and has a very low tendency, to no tendency of
ponding. Lauren gravelly loam is found on terraces and is formed from alluvium with volcanic
ash. In a typical profile, the surface layer is gravelly medial loam from 0 to 6 inches, very
gravelly medial loam from 6 to 33 inches, very gravelly coarse sandy loam from 33 to 44 inches,
and very gravelly loamy coarse sand from 44 to 60 inches BGS. This soil is somewhat
excessively drained, and has a very low tendency, to no tendency of ponding.

Cove silty clay loam is listed as a hydric soil on the Washington State Hydric Soils List (NRCS
2014). The presence or absence of hydric soil does not conclude that an area is wetland or
upland; along with hydric soils, hydrology and wetland vegetation must also be present to
determine an area as jurisdictional wetland. Because of localized, micro-variations in topography
and hydrology, wetlands may be found in areas where hydric soils have not been mapped by the
soil survey.

Site evaluated wetland soils generally ranged from very dark brown (10YR 2/2) clay to black
(10YR 2/1) and dark gray (10YR 4/1) silty clay loams exhibiting redoximorphic features of dark
yellowish brown (10YR 3/6) and dark red (2.5YR 3/6). The wetland scils were generally
consistent with the mapped soil types, as the wetland generally follows the mapped Cove silty
clay loam from the NRCS.

Site evaluated upland soils generally consisted of dark brown (10YR 3/3) silt loams and clays,
and exhibited no redoximorphic features. The upland soils were generally consistent with the
mapped soil types bordering Cove silty clay loam, as mapped by the NRCS.

Parklands at Camas, LLC Ecological Land Services, Inc.
Wetland Delineation Report December 2015
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VEGETATION

Wetlands

Dominant hydrophytic vegetation within the wetland areas onsite includes Oregon ash (Fraxinus
latifolia, FACW), bigleaf maple (4dcer macrophyllum, FACU), red alder (4lnus rubra, FAC),
vine maple (Acer circinatum, FAC), red-osier dogwood (Cornus sericea, FACW), Douglas
spiraea (Spiraea douglasii, FACW), salmonberry (Rubus spectabilis, FAC), California false
hellebore (Veratrum californicum, FAC), water parsley (Oenanthe sarmentosa, OBL), reed
canarygrass (Phalaris arundinacea, FACW), and skunk cabbage (Symplocarpus foetidus, OBL).

Uplands

Dominant vegetation within the upland areas onsite includes bigleaf maple, western redcedar
(Thuja plicata, FAC), Douglas fir (Pseudotsuga menziesii, FACU), non-native cedar species
(NI), saxifrage species (NI), Himalayan blackberry (Rubus armeniacus, FACU), trailing
blackberry (Rubus ursinus, FACU), sword fern (Polystichum munitum, FACU), oceanspray
(Holodiscus discolor, FACU), beaked hazelnut (Corylus cornuta, FACU), Indian plum
(Oemleria cerasiformis, FACU), and threepetal bedstraw (Galium trifidum, FACW).

The dominant species of vegetation in each test plot have been recorded on the attached wetland
delineation data sheets (Appendix A). The indicator categories following the common and
scientific names indicate the likelihood of a species to be found in wetlands. Listed from most-
likely to least-likely to be found in wetlands, the indicator categories are:

OBL (obligate wetland) — Almost always occur in wetlands.

FACW (facultative wetland) — Usually occur in wetlands, but may occur in non-wetlands.
FAC (facultative) — Occur in wetlands and non-wetlands.

FACU (facultative upland) — Usually occur in non-wetlands, but may occur in wetlands.
UPL (obligate upland) — Almost never occur in wetlands.

NI (no indicator) — Status not yet determined.

HYDROLOGY

Wetlands A,B, and C are hydrologically influenced primarily by precipitation (including
stormwater discharge) and secondarily by a high groundwater table; hydrology into Wetlands
A, B, and C can be attributed primarily to precipitation, but also from stormwater runoff from
surrounding housing developments, agricultural land use, and golf courses. Wetland C is mostly
hydrologically influenced by precipitation, but stormwater runoff from the housing development
located directly to the southeast can be an attributing factor as well. Cumulative water flow
within all wetlands follows a northwest trend, following the topography of the study area.
Wetlands A, B, and C are depressional wetlands, with Wetland A and B occurring throughout the
northern portion of the study area, and Wetland B occurring along the eastern border of the
northern portion (Figure 2). Both wetlands have highly constricted outlets.

Parklands at Camas, LLC Ecological Land Services, Inc.
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WETLANDS INVENTORY

National Wetlands Inventory

The U.S. Fish and Wildlife Service’s National Wetlands Inventory (2014; NWI) map indicates
the presence of a PFOA'! wetland within the northern portion of the study area (Figure 4). A
R2UBH? water body (Lacamas Lake) is mapped directly to the northeast of the study area. ELS
agrees with the NWI, as two depressional, forested wetlands were delineated in generally the
same location as the NWI mapped wetland.

Clark County Critical Areas

The Clark County Critical Areas (CCCA) (Figure 5) map indicates no presence of wetlands or
other critical areas within the study boundary. The CCCA map does however; indicate the
presence of a water body (Lacamas Lake) to the northeast, and not within the confines of the
study area. ELS does not agree with the CCCA map, as a depressional, forested wetland was
delineated in the northern portion of the study area.

NWI and CCCA maps are typically used to gather wetland information about a region and,
because of the large scale necessary for regional mapping, are limited in accuracy for localized
analyses.

CONCLUSIONS

WETLANDS

ELS staff delineated Wetlands A, B, and C within the study area encompassing Tax Parcels
175948-000 and 986031-650 on April 28, 2015 (Figure 2). All three wetlands are hydrologically
connected through culverts observed onsite and locations mapped with a GPS unit and therefore
were rated as one wetland unit according to the Ecology’s Wetland Rating Form (Rating Form)
Jor Western Washington-Revised (Hruby 2014). The wetland unit is a non-tidal, freshwater,
palustrine depressional wetland and supports both emergent and forested vegetation. The outlet
for the wetland unit is unconstricted and permanently flowing, so long as hydrology is present
and in sufficient quantity to maintain flows periods. When inundation is present, water depths
range from 6 to 20 inches. Hydrologic functions may consist of some water retention on surface
depressions during high flow events. Overall, drainage is slow in the wetland, but flow does
eventually and directly reach Lacamas Lake.

The wetland unit is considered to have low to moderate habitat potential onsite based on the
plant community’s interspersion and species richness (presence and diversity of emergent, scrub-
shrub, and forested vegetation), a landscape that supports multiple hydroperiods (seasonal
inundation, occasional inundation, and saturation), and the presence of “special habitat
features”.®> Accessibility of habitat provided by the wetland unit to other wetlands or forested

! P=palustrine, FO=forested, A=temporarily flooded

2 R=riverine, 2=lower perennial, UB=unconsolidated bottom, H=permanently flooded

3«___certain habitat features in a wetland provide refuge and resources for many different species. The presence of
these features increases the potential that a given wetland will provide a wide range of habitats” (Hruby, 2014)

Parklands at Camas, LLC Ecological Land Services, Inc.
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area in the local vicinity is limited by adjacent residential, commercial, and agricultural land
uses. Somewhat undisturbed connectivity between the wetland unit and Lacamas Lake can be
seen from aerial photography: a narrow band of relatively unmanaged vegetation (Figure 7).
With consideration of the adjacent and management practices and limited connectivity, the
wetland unit provides low habitat value despite being a relatively well-developed forested
wetland system. Foraging opportunities are available for small mammals, common resident and
migratory song birds, and birds of prey. Larger mammals, such as deer, coyotes, raccoons, and
other transitory species accustomed to urbanized or developed conditions may use the wetland
for short-term refuge, grazing, or hunting. There was no evidence (browse, rubs, tracks, etc.)
observed by ELS during the onsite wetland assessments.

Wetland Categorization and Buffer Requirements

The wetland unit was categorized according to CMC using the Department of Ecology
Washington State Wetland Rating System for Western Washington, Revised (Hruby, 2014).
Wetlands A, B, and C are Category III wetlands. Buffer widths are based on wetland category,
wetland characteristics, and land use intensity (CMC 16.53.040(b)). In this case, the proposed
land use activity is a residential subdivision, a structure that meets the criteria for high land use
intensity (CMC 16.53.040-4). Category III wetlands with a habitat score of 5 and a high land use
intensity proposal receive a designated buffer width of one hundred twenty feet (CMC
16.53.040-4 and Table 1).

Table 1. Summary of Critical Areas On-site.

Starting Mitigated

Area
Hydrogeomorphic Buffer Buffer
Y e Cliesif G0 B R CowaTihin| og’::)s Category’  \uiyh®  Width®
Class i (feet) (feet)

Wetland A Depressional Forested 5.90 I 120 50
Wetland B Depressional Forested 1.33 11 120 50
Wetland C Depressional Forested 0.12 I 120 50
'Cowardin et al. 1979
*Ecology Rating Form (Hruby 2014).
3 According to CMC Table 16.53.040-3
* According to CMC 16.53.050(C)(1)(c)
Parklands at Camas, LLC Ecological Land Services, Inc.
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BUFFER WIDTH REDUCTION JUSTIFICATION NARRATIVE

This narrative addresses the process used to establish buffers on wetlands at the Parklands at
Camas Meadows project near the Camas Meadows Golf Course. Parklands at Camas is a mixed
use development including 42 single-family residential lots with an adjacent professional
business park consisting of four or five buildings of varying size.

Wetland buffers at the proposed Parklands at Camas Meadows project are required according to
Camas Municipal Code (CMC) Chapter 16.53 —- WETLANDS. The wetlands at Parklands at
Camas Meadows are Category III wetlands based on the 2014 Wetland Rating System for
Western Washington.

The applicant is proposing a 50-foot wide buffer based on CMC 16.53.050(C)1)(c) Combined
Reductions. Buffer width reductions allowed under subsections (C)(1)(a) and (C)(I)(b) of this
section may be added provided that minimum buffer widths shall never ..., or less than fifiy feet
Jor Category Il wetlands,...

CMC 16.53.050(C)(1)(a)(i) requires a 100 foot wide relatively undisturbed, vegetated corridor
between the wetland and any other priority habitats. Given the configuration of the subject site,
the fact that the property to the north is controlled by another entity (golf course), and the
Priority Habitat is more than 1,000 feet away; this section is not applicable to the wetland buffer
requirements on the subject site.

CMC 16.53.050(C)(1)(a)(ii) requires measures to minimize impacts to the land adjacent to the
wetland to help reduce impacts to the wetland. The project applicants have agreed to implement
the following measures to assure the on-site wetland is protected from the proposed adjacent
developments:

1. CCR’s will be written, recorded, and enforced as applicable to uses within and adjacent
to wetlands and buffers.

2. Storm water from streets and traffic bearing surfaces will be collected, treated, and
conveyed in facilities outside of the from wetlands and the associated buffers. The
wetlands and buffers will NOT be used for storm water treatment or
detention/retention facilities.

3. Native vegetation and soils will be retained in the wetland buffer areas.

4. Outdoor lighting will be designed to reduce the encroachment of light into the resource
area. Use of green LED low watt bulbs and shielding will be encouraged.

5. Noise will be controlled by implementing an evening curfew quiet time period. All
fireworks and other noise making devices will be strictly prohibited.

6. Wetland buffers will be demarcated be erecting black wrought iron or similar fencing
with an open spacing design.

7. No personal gates will be allowed from back yards into the wetland buffer area.

8. Fertilizers, pesticides, and herbicides use in back yards will be discouraged.

9. Backyard landscaping will be focused on using native trees, shrubs, and ground covers to
increase habitat and reduce to need for chemicals and irrigation.

10. Informational signage will be installed along the outer edge of the wetland buffer to
further demarcate the resource area,

Parklands at Camas, LLC Ecological Land Services, Inc.
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CMC 16.53.050(C)(1)(b) requires a 100 foot wide relatively undisturbed, vegetated corridor
between the wetland and any other priority habitats. Given the configuration of the subject site,
the fact that the property to the north is controlled by another entity (golf course), and the
Priority Habitat is more than 1,000 feet away; this section is not applicable to the wetland buffer
requirements on the subject site.

It is our opinion that a 50-foot wide buffer on the Category I1I wetland at the Parklands at Camas
project site (1) meets the code requirements of CMC Chapter 16.53 and (2) will adequately
protect the wetland from proposed developments at the site. With proper enhancements and
protections outlined previously, we believe that a 50-foot wide buffer will provide functions
equal to or greater than the standard 120-foot wide buffer.

LIMITATIONS

ELS personnel base the conclusions contained within this report on standard scientific
methodology and best professional judgment. In our opinion, local, state, and federal regulatory
agencies should agree with the findings presented in this report.

The services described in this report were performed consistent with generally accepted
professional consulting principles and practices. There are no other warranties, express or
implied. The services preformed were consistent with our agreement with our client. This report
is prepared solely for the use of our client and may not be used or relied upon by a third party for
any purpose. Any such use or reliance will be at such party’s risk.

The opinions and recommendations contained in this report apply to conditions existing when
services were performed. ELS is not responsible for the impacts of any changes in
environmental standards, practices, or regulations after the date of this report. ELS does not
warrant the accuracy of supplemental information incorporated in this report that was supplied
by others.
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Figure 5
CLARK COUNTY CRITICAL AREAS

Camas, Clark County, WA

Parklands at Camas Meadows
Parklands at Camas LLC.
Section 28, Township 2 N, Range 3 E, W.M.
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WETLAND DETERMINATION DATA FORM — Western Mountains, Valleys and Coast Region

Project/Site: Parklands at Camas Meadows City/County: Camas/Clark Sampling Date: 4/28/2015
Applicant/Owner: Parklands at Camas, LLC/Chinook Land Owners Group, LLC State: WA Sampling Point: TP-1
Investigator(s): T. Haderly & R.Allison ) Section, Township, Range: S28,T2N,R3E

Landform (hillslope, ferrace, etc.): Terrace Local relief: Concave Slope (%):20-30%
Subregion (LRR}:A Lat: 45.3736 Long:-122.2654 Datum: _NADS3

Soil Map Unit Name: HcE NWI classification: PFOA

Are climatic / hydrologic conditions on the site typical for this time of year? YesBd No[] (If no, explain Remarks.)

Are Vegetation[ ], Soil[], or Hydrology[ ] significantly disturbed? Area “Normal Circumstances” present? Yes[] No[{

Are Vegetation[], Scil[], or Hydrology[] naturally problematic? {If needed, explain any answers in Remarks.)

SUMMARY OF FINDINGS - Attach site map showing sampling point locations, transects, important features, etc.

Hydrophytic Vegetation Present? Yes No [ Is the Sampled Area

Hydric Scils Present? Yes[] No[X
Wetland Hydrology Present? Yes B4 No [ within a Wetland? YesX] No[]
Remarks: Altheugh hydric soils are not present, TP-1 is determined to be within a wetland due to a strong presence of hydrophytic vegetation and

wetland hydrology indicators.

VEGETATION (Use scisntific names)

Absolute Dominant Indicator | Dominance Test Worksheet
Tree Stratum (Plot size:30 ft radius) % Cover Species? Status
1. Fraxinus latifolia 20% yes FACW | Number of Dominant Species (A
2 o That Are OBL, FACW, or FAC: -
)
i' .{; Total Number of Dominant (®)
Total Cover: 20% Species Across All Strata: -
Percent of Dominant Species (WB)
Sapling/Shrub Stratum (Plot size: § ft. radius) That Are OBL, FACW, or FAC
1. Spiraga douglasii 70% yes FACW | Prevalence Index worksheet
2. Cornus sericea 30% yes FACW Total % Cover of: Muttiply by:
3. % OBL species _x1=
4, % FACW species x2=
5. % FAC species x3= )
Totaf Cover: 100% FACU species x4=
Herb Stratum (Plot size: 5 ft radius} UPL species X 5= -
1. Symplocarpus foetidy 30% yes OBL Column Totals: {A) §B
2. Phalaris arundinacea 10% yes FACW Prevalence Index = B/A=
3. % Hydrophytic Vegetation Indicators:
4, % B 1 - Rapid Test for Hydrophytic Vegetation
= ° O 2-Dominance Test is >50%
5. % O 3-Prevalence Index is <3.0"
6. % 4 - Morphological Adaptations' {Provide
O supporting
7. % data In Remarks or on a separate
shest)
8. % _ [0 wetland Non-Vascular Plants’
Total Cover: 40% O Problematic Hydrophytic Vegetation' (Explain)
Woody Vine Stratum (Plot size: 30 ft radius) :
1. % TIndicators of hydric soll and wetland hydrology
2, % Must be present, unless disturbed or problematic.
Total Caver: %
Hydrophytic Vegetation Present?
% Bare Ground in Herb Stratum 60% YesBd Nol[l
Remarks:

US Army Corps of Engineers Western Mountains, Valleys and Coast — FINAL Version 2
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SolL Sampling Point: TP-1
Profile Description: {Describe to the depth needed to document the indicator or confirm the absence of indicators.)
Depth Matrix Redox Features
{inches) _ Color {moist} % Color {moist) % Type' Loc? Texture Remarks
0-16 10YR 2/2 100% ‘ % Clay

% %o

% B Yo

% %

- % %

= % %

% % -

% %
"Type: C=Concentration, D=Depletion, RM=Reduced Matrix, CS=Covered or Coated Sand Grains. 2 ocation; PL=Pore Lining, M=Mairix
Hydric Soll Indicators: {Applicable to ail LRRs, unless otherwise noted.) Indicators for Problematic Hydric Soils
[ Histosal (A1) [0 Sandy Redox (S5} [ 2 em Muck (A10)
[ Histic Epipedon {A2} [ stripped Matrix (S6) [ Red Parent Material (TF2)

[1 Very Shallow Dark Surface {TF12)
[ Black Histic (A3) [ Loamy Mucky Mineral (F1) (except MLRA 1) [ other (Explain in Remarks)
[] Hydrogen Sulfide (A4) [ Loamy Gleyed Matrix (F2)
O Depleted Below Dark Surface (A11} [ Depleted Matrix (F3)
3 Thick Dark Surface {A12) [ Redox Dark Surface (F6)
[ Sandy Mucky Minerals (S1) [ Depleted Dark Surface (F7) %Indicators of hydrophytic vegetation and
1 Sandy Gleyed Matrix (S4) 71 Redox Depressions (F8) Wetland hydrology must be present
Restrictive Layer (if present):
Type: Hydric Soil Present?
Yes[] No[X

Depth (inches):
Remarks:
HYDROLOGY

Secondary Indicators
Wetland Hydrology Indicators: (2 or more required)
Primary Indicators (min. of one required; check all that apply}
] Water-Stained Leaves (B9) {except MLRA 1, 2, 4A, & [ Water Stained Leaves (B9)

[ Surface Water (A1) 4B) (MLRA 1, 2, 4A, and 4B}

X High Water Table (A2) [ Salt Crust (B11) O Drainage Patterns {B10)

B Saturation (A3) [ Aquatic Invertebrates (B13) [ Dry-Season Water Table (C2)

1 water Marks (B1) [ Hydrogen Suifide Odor (C1) O Saturation Visible on Aerial Imagery (C8)
[ Sediment Deposits {B2)} [ Oxidized Rhizospheres along Living Roots (C3) [ Geomorphic Position (D2}

[ Drift Deposits (B3} [ Presence of Reduced Iron (C4) 1 shallow Aquitard {D3)

[ Algal Mat or crust (B4} [ Recent Iron Reduction in Tilled Soils (C6} [0 FAC-Neutral Test (D5)

[ Iron Deposits (B5) [ Stunted or Stressed Plants (D1) (LRR A} [ Raised Ant Mounds {D6) {LRR A}

[ Surface Soil Cracks {B6) [JOther (Explain in Remarks) [ Frost-Heave Hummocks (D4

[ Inundation Visible on Aerial Imagery [

(B7)

Field Observations:

Surface Water Present?  Yes [] No Depth (Inches):

Water Table Present? Yes X No [ Depth (Inches): ¢ Wetland Hydrology Present?

Saturation Present? Yes K No O Depth (Inches): 0 Yes X No[]
{Includes Capillary fringe)

Describe Recorded Data (Stream gauge, monitoring well, aerial photos, previous inspections}, if available:

Remarks:

US Army Corps of Engineers Western Mountains, Valleys and Coast — FINAL Version 2
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WETLAND DETERMINATION DATA FORM - Western Mountains, Valleys and Coast Region

Project/Site: Parklands at Camas Meadows City/County: Camas/Clark Sampling Date: 4/28/2015
Applicant/Owner: Parklands at Camas, LLC/Chinook Land Owners Group, LLC State: WA Sampling Point: TP-2
Investigator(s): T. Haderly & R.Allison Section, Township, Range: S28,T2N,R3E
Landform (hillslope, terrace, efc.): Terrace Local relief: Concave Slope (%):0-3%
Subregion {LRR):A Lat: 45.3736 Long:-122.2654 Datum: NAD83
Soil Map Unit Name: CvA NWI classification: PFOA
Are climatic / hydrologic conditions on the site typical for this time of year? YesX] No[l] (If no, sxplain Remarks.)
Are Vegetation[], Soil[], or Hydrology["] significantly disturbed? Area “Normai Circumstances” present? Yes[] NolX
Are Vegetation[, Scil(], or Hydrology[] naturally problematic? {If needed, explain any answers in Remarks.)
SUMMARY OF FINDINGS - Attach site map showing sampling point locations, transects, important features, etc.
Hydrophytic Vegetation Present?  Yes D No[]
Hydric Soils Present? Yes[d No :ﬁi::iens:wg:;c:‘g“ Yes No[J

Wetland Hydrology Present? Yes B No[1]
Remarks: Although hydric soils are not present, TP-1 is determined to be within a wetland due to a strong presence of hydrophytic vegetation and

wetland hydrology indicators.

VEGETATION (Use scientific names)

Absolute Dominant Indicator | Dominance Test Worksheet

Tree Stratum (Plot size:30 fi radius) % Cover Species? Status
1. Fraxinus latifolia 20% yes FACW | Number of Dominant Species 5 {A)
2. Alnus rubra 20% yes FACW | That Are OBL, FACW, or FAC:
0,
i' :,f: Total Number of Dominant 5 (B)
Total Cover: 0% Species Across All Strata:
Percent of Dominant Species — 100 (&8}
Sapling/Shrub Stratum (Plot size: 5 ft. radius) That Are OBL, FACW, or FAC
1. Acer circinatum 30% ves FAC Prevalence Index worksheet
2. Spiraea douglasii 20% yes FACW Total % Cover of: Mulitiply by:
3. % OBL species x1=
4 % FACW species _ x2=
5 % FAC species x3=
Total Cover: 50% FACU species x4=
Herb Stratumn (Plot size: 5 ft radius) UPL species __X95=
Symplocarpus fostidus 80% yes OBL Column Totals: {A) gB
2. Oenanthe samnentosa 15% no OBL Prevalence Index = B/A=
3. Athyrium lelix-feming 5% no FAC Hydrophytic Vegetation Indicators:
4. o O 1 - Rapid Test for Hydrophylic Vegetation
K 2 - Dominance Test is >50%
5, % O 3- Prevalence Index is <3.0°
6. w% 4 - Morphological Adaptations’ (Provide
[0 supporting
7. o data In Remarks or on a separate
sheet}
8. % [0 Wetland Non-Vascular Plants’
Total Cover: 100% [0 Problematic Hydrophytic Vegetation® (Explain)
Woody Vine Stratum (Plot size: 30 ft radius}
1. % - - "Indicators of hydric soll and wetland hydrology
2. % Must be present, unless disturbed or problematic.
Total Cover: %
Hydrophytic Vegetation Present?
% Bare Ground in Herb Stratum % YesBd No[]

Remarks:
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SOIL
Profile Description: (Describe to the depth needed to document the indlcator or confirm the absence of indicators.)

Sampling Paint: TP-2

Depth Matrix . Redox Features
{inches) Color (moist) % Color (moist) % Type' Loc? Texture Remarks
0-16 10YR 2/2 % % Clay
% % -
% %
_ % % ==
B % %

% %

% %

% %
Type: C=Concentration, D=Depletion, RM=Reduced Matrix, CS=Covered or Coated Sand Grains. 2| peation: PL=Pore Lining, M=Matrix
Hydric Soil Indicators: {Applicable to all LRRs, unless otherwise noted.) Indicators for Problematic Hydric Soils
[ Histosal (A1) [ Sandy Redox (S5) 3 2 em Muck (A10)
O Histic Epipedon (A2) [ stripped Matrix (S6) [ Red Parent Material (TF2)

[ Very Shallow Dark Surface (TF12)
[ Black Histic (A3) [ Loamy Mucky Mineral (F1) (except MLRA 1) [ other {Explain in Remarks}
[ Hydrogen Sulfide (A4) O Loamy Gleyed Matrix (F2)
[ Depleted Below Dark Surface (A11) [ Depleted Matrix {F3)
3 Thick Dark Surface {A12) O Redox Dark Surface (F6)
[ Sandy Mucky Minerals (31) [ Depleted Dark Surface (F7) 3Indicators of hydrophytic vegetation and
[ sandy Gleyed Matrix (S4) [ Redox Depressions {F8) Watland hydrology must be present
Restrictive Layer (if present):
Type: Hydric Soll Present?
Yas[] No[X

Depth (inches}:
Remarks:
HYDROLOGY

Secondary Indicators
Wetland Hydrology Indicators: (2 or more required}
Primary Indicators {min. of one required; check all that apply}
[0 Water-Stained Leaves (B9) (except MLRA 1, 2, 4A, & [] Water Stained Leaves (B9)

[0 Surface Water (A1) 4B) (MLRA 1, 2, 4A, and 4B}

High Water Table (A2) [ salt Crust {B11) [ Drainage Patterns {B10)

B Saturation (A3) [0 Aquatic Invertebrates {B13} [ Dry-Season Water Table {C2)

[ Water Marks (B1} [ Hydrogen Sulfide Odor (C1) O Saturation Visible on Aerial Imagery (C9}
[ Sediment Deposits {B2) [ Oxidized Rhizospheres along Living Roots (C3) [0 Geomorphic Position (D2)

[1 Drift Deposits (B3} [ Presence of Reduced Iron (C4) [ shallow Aquitard {D3})

[0 Algal Mat or crust {B4) [ Recent Iron Reduction in Tilled Soils (C6) O FAC-Neutral Test (D5)

[J tron Deposits (B5) [ Stunted or Stressed Plants (D1) (LRR A) [ Raised Ant Mounds (D6) (LRR A)

[ Surface Soil Cracks (B6) IOther (Explain in Remarks) [ Frost-Heave Hummaocks (D4

[ Inundation Visible on Aerial Imagery [

(B7)

Fleld Observations:

Surface Water Present?  Yes [] No Depth (Inches):

Water Table Present? Yes No [ Depth {Inches): 0 Wetland Hydrology Present?

Saturation Present? Yes No O Depth {Inches): 0 Yos & No [
(Includes Capillary fringe)

Describe Recorded Data (Stream gauge, monitoring well, aerial photos, previous inspections), if available:

Remarks:
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WETLAND DETERMINATION DATA FORM — Western Mountains, Valleys and Coast Region

Project/Site: Parklands at Camas Meadows City/County: Camas/Clark Sampling Date: 4/28/2015
Applicant/Owner: Parklands at Camas, LLC/Chinook Land Owners Group, LLC State: WA Sampling Point: TP-3
Investigator{s): T. Haderly & R.Allison Section, Township, Range: §28,T2N,R3E
Landform {hillslope, terrace, etc.): Terrace Local relief: None Slope (%):0-3%
Subregion (LRR):A Lat: 45.3736 Long:-122.2654 Datum: NADS&3
Scil Map Unit Name: CvA NWI classification: PFOA
Avre climatic / hydrologic conditions on the site typical for this time of year? Yes[X] No[d {If no, explain Remarks.)
Are Vegetation[], Soil, or Hydrology[]  significantly disturbed? Araa “Normal Circumstances” present? YasBd No[OJ
Are Vegetation[3, Soil(], or Hydrology[] naturally problematic? {If needed, explain any answers in Remarks.)
SUMMARY OF FINDINGS - Attach site map showing sampling point locations, transects, important features, etc.

:ydr?phyt_lc Vegetation Present?  Yes[1 No Is the Sampled Area

ydric Soils Present? Yes[] No within a Wetland? Yes[] Nold
Woetland Hydrology Present? Yes[1 No[¥
Remarks:

VEGETATION ({Use scientific names)

Absolute Dominant Indicator | Dominance Test Worksheet
Tree Stratum (Plot size:30 fi radius) % Cover Species? Status
1. Alnus rubra 20% yes FAC Number of Dominant Species 1 . (A
2. Psesudofsuga menziesii 20% yes FACU | That Are OBL, FACW, or FAC:
0,
2 02 ' Total Number of Dominant 8 @)
Total Cover: 0% = — | Species Across All Strata:
Percent of Dominant Species — 13 (AB)
Sapling/Shrub Stratum (Plot size: 5 ft. radius) That Are OBL, FACW, or FAC
1. Symphoricarpos albus 15% yes FACU Prevalence Index worksheat
2. Holodiscus discolor 15% yes FACU Total % Cover of: Multiply by:
3. Gaultheria shallon 15% yes FACU OBL species i x1=
4. Rubus parviflorus 15% yes FAC FACW species x2= _
5. %o yes FACU FAC species x 3=
Total Cover: 60% FACU species x4=
Herb Stratum (Plot size: 5 ft radius) UPL species B x 5=
1. o Column Totals: (A} {8
}
2. Yo Prevalence Index = B/A=
3. % Hydrophytic Vegetation Indicators:
4. % O 1 - Rapid Test for Hydrophytic Vegetation
" O 2 - Dominance Test is >50%
5. - % [0 3- Prevalence Index is <3.0
6 o 4 - Morphological Adaptations' {Provide
O supporting
7. o data In Remarks or on a separate
- sheet)
8. % ] Wetland Non-Vascular Plants’
Total Cover: % O Problematic Hydraphytic Vegetation® {Explain)
Woody Vine Stratum  (Plot size: 30 ft radius)
1. Rubus armeniacus 40% yes FACU "Indicators of hydric soil and wetland hydrology
2. % Must be present, unless disturbed or problematic.
Total Cover: 40%
Hydrophytic Vegetation Present?
% Bare Ground in Herb Stratum % Yes[] NolX
Remarks:

US Amy Corps of Engineers Western Mountains, Valleys and Coast — FINAL Version 2



Exhibit 16 SP26-1005

SOIL
Profile Description: {Describe to the depth needed to document the indicator or confirm the absencs of indicators.)

Sampling Point: TP-3

Depth Matrix Redox Features
(inches)  Color {moist) % Color {moist) % Type' Loc? Texture Remarks
0-16 10YR 3/3 100% % Clay
S % % _

% %

% %

% %

% %

% %

% %
"Type: C=Concentraiion, D=Depletion, RM=Reduced Matrix, CS=Covered or Coated Sand Grains. ) ocation: PL=Pore Lining, M=Matrix
Hydric Sell Indlcators: (Applicable to all LRRs, unless otherwise noted.) Indicators for Problematic Hydric Solls
[ Histosal {A1) [ sandy Redox (55) O 2 em Muck (A10}

| [ Histic Epipedon {A2) [ stripped Matrix (S6) [0 Red Parent Material (TF2}
[ Very Shallow Dark Surface (TF12}
[ Black Histic (A3} O Loamy Mucky Mineral (F1) {(except MLRA 1) [ Other (Explain in Remarks})
[ Hydrogen Sulfide (A4) [] Loamy Gleyed Matrix (F2)
[] Depleted Below Dark Surface (A11)  [] Depleted Matrix (F3}
[ Thick Dark Surface (A12} ] Redox Dark Surface {F6)
[ Sandy Mucky Minerals (S1) [ Depleted Dark Surface (F7) *Indicators of hydrophytic vegetation and
[ Sandy Gleyed Matrix (S4) [J Redox Depressions (F8) Wetland hydrology must be present
Restrictive Layer {if present):
Type: Hydric Soil Present?
Yes[] No[X

Depth (inches):
Remarks:
HYDROLOGY

Secondary Indicators
Wetland Hydrology Indicators: (2 or more required)
Primary Indicators (min. of one required; check all that apply)
] Water-Stained Leaves (B9) (except MLRA 1, 2, 4A, & [ Water Stained Leaves (B9)

[ Surface Water (A1} 4B) (MLRA 1, 2, 4A, and 4B)

[ High Water Table (A2) O salt Crust (811) [ Drainage Patterns (B10)

] Saturation (A3) [ Aquatic Invertebrates (B13) [ Dry-Season Water Table {C2)

[J water Marks {B1) ] Hydrogen Suffide Odor (C1) [ saturation Visible on Aerial Imagery (C9}
[ Sediment Deposits (B2) O Oxidized Rhizospheres along Living Roots {(C3) O Geomorphic Position (D2)

[ Drift Deposits (B3) [ Presence of Reduced Iron (C4) O shallow Aquitard (D3)

[ Algal Mat or crust {B4) [ Recent Iron Reduction in Tilled Soils (C6) [ FAC-Neutral Test {D5}

[ ron Deposits (B5) [ Stunted or Stressed Plants (D1) (LRR A) O Raised Ant Mounds {DE) {LRR A}

[ Surface Soil Cracks (B6) [ClOther (Explain in Remarks) [ Frost-Heave Hummocks (D4

O nundation Visible on Aerial Imagery [

{B7)

Field Observations:

Surface Water Present?  Yes [J No & Depth (Inches):

Water Table Present? Yes [J No X Depth {Inches): Wetland Hydrology Present?

Saturalion Present? Yes [] No Depth {Inches): Yes [ No X
(includes Capillary fringe}

Describe Recorded Data (Stream gauge, monitoring well, aerial photos, previous inspections), if available:

Remarks:
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WETLAND DETERMINATION DATA FORM - Western Mountains, Valleys and Coast Region

Project/Site: Parklands at Camas Meadows City/County: Camas/Clark Sampling Date: 4/28/15
Applicant’Owner: Parklands at Camas, LLC/Chinock Land Owners Group, LLC State: WA Sampling Point: TP-4
Investigator(s): T. Haderly & R.Allison Section, Township, Range: S28,T2N,R3E
Landform (hillslope, terrace, etc.): Terrace Local relief: Concave Slope (%):0-3%
Subregion (LRR):A Lat: 45.3736 Long:-122.2654 Datum:_NAD83
Seil Map Unit Name: CvA NWI classification:None
Are climatic / hydrologic conditions on the site typical for this time of year? Yesi No[J ({If no, explain Remarks.)
Are Vegetation[], Soil[], or Hydrology[] significantly disturbed? Area “Normal Circumstances” present? Yes[{] No[J
Are Vegetation[], Soil[], or Hydrology[] naturally problematic? {If needed, explain any answers in Remarks.)
SUMMARY OF FINDINGS - Attach site map showing sampling point locations, transects, important features, etc.
Hydrf:phyt_lc Vegelation Present?  Yes No [] Is the Sampled Area
Hydric Sails Present? YesX No[] within a Wetland? Yes® No[]
Wetland Hydrology Present? Yes P No[]
Remarks:

VEGETATION (Use scientific names)

Absolute Dominant indicater | Dominance Test Worksheet
Tree Stratum (Plot size:30 ft radius) % Cover Species? Status
1. Fraxinus lafifolia 30% yes FACW | Number of Dominant Species 7 (A)
2. Alnus rubra 20% yes FAC That Are OBL, FACW, or FAC:
i 3,: TotaIlNumber of Dominant 7 (B)
Total Cover 50% Species Across All Strata:
Percent of Dominant Species 100 (AB)
Sapling/Shrub Stratum (Plot size: 5 ft. radius) That Are OBL, FACW, or FAC
1. Cornus sericea 20% yes FACW Prevalence Index worksheet
2. Rubus spectabilis 15% yes FAC Total % Cover of: Multiply by:
3. % OBL species x1=
4, % FACW species x2=
5. % FAC species x3=
Total Cover: 35% FACU species x 4=
Herb Stratum {Plot size: 5 ft radius) UPL species x b=
1. OCenanthe sarmentosa 40% yes OBL Column Totals: {A) §B
2. Symplocarpus foetidus 30% yes CBL Prevalence Index = B/A=
3. Phalaris arundinacea 30% yes FACW | Hydrophytic Vegetation Indicators:
4. % [0 1—Rapid Test for Hydrophytic Vegetation
° Bd 2 - Dominance Test is »50%
5. % O 3- Prevalence Index is <3.0'
6 % 4 - Morphological Adaptations’ (Provide
- [ supperting
7 % data In Remarks or on a separate
o sheet)
8. % [ wstland Non-Vascular Plants’
Total Cover: 100% O Problematic Hydrophytic Vegetation' {Explain)
Woody Vine Stratum (Plot size: 5 ft radius)
1. % "Indicators of hydric soll and wetland hydrology
2. % Must be present, unless disturbed or problematic.
Total Cover: %
Hydrophytlc Vegetation Present?
% Bare Ground in Herb Stratum % YeslP{ No[]

Remarks:
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Soi Sampling Point: TP-4
Profile Description: (Describe to the depth needed to document the indicator or confirm the absencs of Indlcators.)
Depth Matrix Redox Features
{inches}) Color {moist} Color (moist) % Type' Loc” Texture Remarks
0-16 10YR 2/ 80% 10YR 3/6 20% c M Clay silt loam

% % -

% %
o - % % = =
=== — % % - ——

. - % %

% %

% %
Type: C=Congentration, D=Depletion, RM=Reduced Matrix, CS=Covered or Coated Sand Grains. ?Location: PL=Pore Lining, M=Matrix
Hydrlc Soll Indicators: (Applicable to all LRRs, unless otherwise noted.) Indicators for Problematic Hydric Soils
(1 Histosal (A1) . [J sandy Redox (S5) [ 2 em Muck (A10}
(] Histic Epipedon (A2} [ stripped Matrix (S6) O Red Parent Material (TF2)

[ Very Shallow Dark Surface (TF12)
[7] Black Histic (A3) [J Loamy Mucky Mineral (F1) {except MLRA 1) {1 Other (Explain in Remarks)
[ Hydrogen Sulfide (A4) O Loamy Gleyed Matrix {F2)
[ Depleted Below Dark Surface {A11) [ Depleted Matrix (F3}
[ Thick Dark Surface (A12) [ Redox Dark Surface (F6)
[ sandy Mucky Minerals (S1) [ Depleted Dark Sutface (F7} ®Indicators of hydrophytic vegetation and
[ Sandy Gleyed Matrix {S4) [ Redox Depressions (F8) Wetland hydrology must be present
Restrictive Layer (if present}:
Type: Hydrlc Soil Present?
Yesl] Ne[]

Depth (inches):
Remarks:
HYDROLOGY

Secondary Indicators
Wetland Hydrolegy Indicators: (2 or more required)
Primary Indicators {min. of one required; check all that apply)
[0 Water-Stained Leaves {B9) (except MLRA 1, 2, 4A, & [] Water Stained Leaves (B9)

[ Surface Water (A1) 4B) {MLRA 1, 2, 4A, and 4B)

B High Water Table (A2) [ salt Crust (B11) [1 Drainage Patterns (B10}

Saturation (A3) [ Aquatic Invertebrates {B13) [ Dry-Season Water Table {C2)

] water Marks (B1) [ Hydrogen Suifide Odor {C1) [ Saturation Visible on Aerial Imagery {C9)
O Sediment Deposits (B2) [ Oxidized Rhizospheres along Living Roots (C3) [0 Geomoarphic Position (D2)

[ Drift Deposits (B3) [ Presence of Reduced Iron (C4) [ Shaliow Agquitard (D3)

[ Algal Mat or crust (B4) [ Recent Iren Reduction in Tilled Soils (C6) [0 FAC-Neutral Test {D5}

[ Iron Deposits {B5) [ Stunted or Stressed Plants (D1} {LRR A) [] Raised Ant Mounds (D6} {LRR A)

1 Surface Soil Cracks (B6) OJother (Explain in Remarks} O Frost-Heave Hurnmocks (D4

O Inundation Visible on Aerial Imagery [

(B7)

Field Observations:

Surface Water Present? Yes [ No Depth {Inches):

Water Table Present? Yes X Ne [] Depth {Inches). 0 Wetland Hydrology Present?

Saturation Present? Yes X Ne 3 Depth {Inches). 0 Yes [ No [
{Includes Capillary fringe)

Describe Recorded Data {Stream gauge, monitoring well, aerial photos, previous inspections), if available:

Remarks:
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WETLAND DETERMINATION DATA FORM - Western Mountains, Valleys and Coast Region

Project/Site: Parklands at Camas Meadows City/County: Camas/Clark Sampling Date: 4/28/2015
Applicant/Owner: Parklands at Camas, LLC/Chinook Land Owners Group, LLC State: WA Sampling Point; TP-5
Investigator{s): T. Haderly & R.Allison Section, Township, Range: 828, T2N,R3E

Landform {hillslope, terrace, etc.): Terrace Local relief: Convex Slope (%):0-3%
Subregion (LRR}:A Lat: 45.3736 Long:-122.2654 Datum: NADS83

Soil Map Unit Name: CvA NWI classification; None

Are climatic / hydralogic conditions on the site typical for this time of year? Yespd No[] ({If no, explain Remarks.)

Are Vegetation[], Soil[], or Hydrology[ ] significantly disturbed? Area “Normal Circumstances” present? Yesi{ Nol]

Are Vegetation[, Soil(, or Hydrology[ ] naturally problematic? (If needed, explain any answers in Remarks.)

SUMMARY OF FINDINGS - Attach site map showing sampling point locations, transects, important features, etc.

Hydrophytic Vegetation Present?  Yes[] No[X
Hydric Soils Present? Yes[J No[¥ Is the Sampled Area ves[l NoE
Wetland Hydrology Present? Yes[1 No[X
Remarks:
VEGETATION {Use scientific names)
Absolute Dominant Indicator | Dominance Test Worksheet
Tree Stratum {Plot size:30 ft radius) % Cover Species? Status
1. Corylus cornufa 20% yes FACU | Number of Dominant Species 1 N
2, [T That Are OBL, FACW, or FAC:
3 .;/./: Total Number of Dominant 6 ®)
Total Cover: 20% Species Across All Strata:
Percent of Dominant Species —17__(MB)
Sapling/Shrub Stratum {Plot size: 5 ft. radius} That Are OBL, FACW, or FAC
1. Holodiscus discolor 10% ves FACU Prevalence Index worksheet
2. Qemleria cerasiformis 5% yes FACU Total % Cover of: Multiply by:
3 % OBL species x 1=
4, % FACW species X 2=
5. % FAC species x 3=
Total Cover: 15% FACU species x4=
Herb Stratum (Plot size: 5 ft radius) UPL species x 5=
1. Galium trifidum 40% yes FACW | Column Totals: {A) §B
2. Polystichum munitum 30% yes FACU Prevalence Index = B/A=
3. Clavionia perfoliata 10% no FAC Hydrophytic Vegetation Indicators:
4, o [ 1 - Rapid Test for Hydrophytic Vegetation
N O 2- Deminance Test is >50%
5, % [ 3 - Prevalence Index is <3.0"
6. % 4 - Morphological Adaptations’ (Provide
[0 supporting
7. o data In Remarks or on a separate
o sheet})
8. . % 0 Wetland Non-Vascular Plants’
Total Cover: 80% O Problematic Hydrophytic Vegetation® (Explain)
Woody Vine Stratum (Plot size: 30 ft radius)
1. Rubus ursinus 5% yes FACU Indicators of hydric soil and wetiand hydrology
2 % Must be present, unless disturbed or problematic.
Total Cover: 5%
Hydrophytic Vegetation Present?
% Bare Ground in Herb Stratum 20% Yes[] No[{
Remarks:

US Army Gorps of Engineers Western Mountains, Valleys and Coast — FINAL Version 2



Exhibit 16 SP26-1005

SOIL Sampling Point: TP-5

Profile Description: (Describe to the depth needed to document the indicator or confirm the absence of indicators.)
Depth Matrix Redox Features
{inches) _ Color (moist) % Color (molst) % Type' Loc® Texture Remarks
0-16 10YR 3/3 100% % Silt ioam

Yo %

% - %

Y %

% = %

% %

% %

% Yo
"Type: C=Concentration, D=Depletion, RM=Reduced Matrix, CS=Covered or Coated Sand Grains. ?Location: PL=Pore Lining, M=Matrix
Hydric Soll Indicators: (Applicable to all LRRs, unless otherwise noted.) Indicators for Problamatic Hydric Soils
1 Histosal (A1) [ Sandy Redox {S5) 3 2 ¢m Muck (A10)
[’] Histic Epipedon (A2) [] Stripped Matrix (S6) [ Red Parent Material {TF2}

[ Very Shallow Dark Surface (TF12)
1 Black Histic (A3} [ Loamy Mucky Mineral (F1) (except MLRA 1) [ Other (Explain in Remarks}
[ Hydrogen Sulfide (A4) [ Loamy Gleyed Matrix (F2)
[ Depleted Below Dark Surface (A11) [ Deplsted Matrix (F3)
[ Thick Dark Surface {A12) [ Redox Dark Surface {F6)
[ Sandy Mucky Minerals (S1) [ Depleted Dark Surface {F7) 3Indicators of hydrophytic vegetation and
[ Sandy Gleyed Matrix (S4) [ Redox Depressions (F8) Wetland hydrology must be present
Restrictive Layer (if present):
Type: Hydric Soil Present?
Yes[] Ne[X
Depth (inches):
Remarks:
HYDROLOGY
Secondary Indicators
Wetland Hydrology Indicators: (2 or more required}
Primary Indicators (min. of one required; check all that apply)
O Water-Stained Leaves {B9) (except MLRA 1, 2, 4A, & [] Water Stained Leaves (B9)

1 Surface Water (A1} 4B) (MLRA 1, 2, 4A, and 4B)
] High Water Table (A2) [ Salt Crust (B11) [} Drainage Patterns (B10}
[ saturation (A3) [] Aquatic Invertebrates (B13) O Dry-Season Water Table (C2)
[ water Marks (B1) [ Hydrogen Sulfide Oder (C1) [ Saturation Visible on Aerial Imagery (C9)
[ Sediment Deposits (B2) [ Oxidized Rhizospheres along Living Roots (C3) [ Geomorphic Position {D2)
[ Drift Deposits (B3) ] Presence of Reduced Iron (C4) [ Shallow Aquitard (D3)
[ Algal Mat or crust (B4} [ Recent Iron Reduction in Tilled Soils (C6} O FAC-Neutral Test {D5)
[ Iron Deposits (B5) [ Stunted or Stressed Plants (D1) (LRR A} [ Raised Ant Mounds {D6) (LRR A)
[ Surface Soil Cracks (B&) [JOther (Explain in Remarks) [ Frost-Heave Hummocks {D4
[ Inundation Visible on Aerial Imagery [
{B7)
Field Observations:
Surface Water Present?  Yes [] No Depth (Inches):
Water Table Present? Yes [] No X Depth (Inches): Woetland Hydrology Present?
Saturation Present? Yes [] No ¥ Depth (Inches): Yes [] No [
(includes Capillary fringe}
Describe Recorded Data (Stream gauge, monitoring well, aerial photos, previous inspections), if available:
Remarks:
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WETLAND DETERMINATION DATA FORM — Western Mountains, Valleys and Coast Region

Project/Site: Parklands at Camas Meadows City/Counfy: Camas/Clark Sampling Date: 4/28/2015
Applicant/Owner: Parklands at Camas, LLC/Chincok Land Qwners Group, LLC State; WA Sampling Point: TP-6
Investigator(s): T. Haderly & R.Allison Section, Township, Range: 828,T2N,R3E

Landform (hillslope, terrace, ete.): Terrace Local relief: Concave Slope (%):8-20%
Subregion (LRR): A Lat; 45.3736 Long:-122.2654 Datum: NADS3

Soil Map Unit Name: HeD NWI classification: PFOA

Are climatic / hydrologic conditions on the site typical for this time of year? Yesld No[] ({Ifno, explain Remarks.)

Are Vegetation[], Soil[J, or Hydrology[] significantly disturbed? Area “Normal Circumstances” present? Yes[Xl No[]

Are Vegetation[], Soil[], or Hydrology[ ] naturally problematic? {If needed, explain any answers in Remarks.)

SUMMARY OF FINDINGS - Attach site map showing sampling point locations, transects, important features, etc.

Hydrophytic Vegetation Present? Yes No [

Hydric Soils Present? Yes No O ::i::;:lsaawztlle::‘g;ea Yes No[]

Wetland Hydrology Present? Yes X No[] >
Remarks:

VEGETATION (Use scientific names)

Absolute Dominant Indicator | Dominance Test Worksheet

Tree Stratum (Plot size;30 fi radius) % Cover Species? Status
1. Fraxinus latifolia 20% yes FACW | Number of Dominant Species 4 (A)
2 Aosrmacmphy”um 10% ves FACU That Are OBL, FACW, or FAC:
2' ;/: Total Number of Dominant 5 B)
Total Cover: 30% Species Across All Strata:
Percent of Dominant Species 80 __(AB)
Sapling/Shrub Stratum (Plot size: 5 ft. radius) That Are OBL, FACW, or FAC
1. Comus sericea 30% yes FACW Prevalence Index worksheet
2, % Total % Cover of: Muttiply by:
3. % OBL species x 1=
4 FACW species X 2=
5 % FAC species x 3=
Total Cover: 30% FACU species X 4=
Herb Stratum (Piot size: 5 ft radius) UPL species x 5=
1. Veratrum califormicum 40% yes FAC Column Totals: (A) ;B
2. Qenanthe sarmeniosa 20% yes OBL Prevalence Index = B/A=
3. Mentha arvensis 10% no FACW | Hydrophytic Vegetation Indicators:
4, o O 1 - Rapid Test for Hydrophytic Vegetation
’ P 2 - Dominance Test is »50%
5. % O 3- Prevalence Index is <3.0'
6. % 4 - Morpholegical Adaptations' {Provide
[0 supporting
7. o data In Remarks or on a separate
sheet)
8. % [0 Wetland Non-Vascular Plants’
Total Cover: 70% [0 Problematic Hydrophytic Vegetation' {Explain}
Woody Vine Stratum  (Plot size: 30 ft radius})
1, % 'Indicators of hydric soil and wetland hydrology
2 ‘ Must be present, unless disturbed or problematic.
Total Cover:
Hydrophytic Vegetation Present?
% Bare Ground in Herb Stratum 30% Yes(X No[]

Remarks:

US Ammy Corps of Engineers Western Mountains, Valleys and Coast — FINAL Version 2
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SolL Sampling Point. TP-6
Profile Description: (Describe to the depth needed to document the Indicator or confirm the absence of indicators.)
Depth Matrix Redox Features
(inches) Color (moist) % Color {moist) % Type' Loc* Texture Remarks
0-16 10YR 41 80% 25YR3/6 20% c - Silt clay loam

% % -

% % N

%

%o % —

Y %

% %

% . %
Type: C=Concentration, D=Depletion, RM=Reduced Matrix, CS=Covered or Coated Sand Grains. 2Location: PL=Pore Lining, M=Matrix
Hydric Soll Indicators: {Applicable to all LRRs, unless otherwise noted.) Indicators for Problematic Hydric Soils
[ Histosal (A1} [ Ssandy Redox {S5) [ 2 em Muck {A10)
1 Histic Epipedon (A2) [ stripped Matrix (S6) [ Red Parent Material (TF2)

[J Very Shallow Dark Surface {TF12)
[ Black Histic (A3) [ Loamy Mucky Mineral (F1) {axcept MLRA 1} [ Other (Explain in Remarks)
[ Hydrogen Sulfide (A4) [ Loamy Gleyed Matrix (F2)
[J Depleted Below Dark Surface (A11)  [X] Depleted Matrix (F3)
[J Thick Dark Surface (A12) [J Redox Dark Surface (F6)
[ Sandy Mucky Minerals (S1) [0 Depleted Dark Surface (F7) 3Indicators of hydrophytic vegetation and
[0 Sandy Gleyed Matrix (S4) [ Redox Depressions (F8) Wetland hydrelogy must be present
Restrictive Layer (if present):
Type: Hydric Soil Present?
Yes(X] No[]

Depth (inches}:
Remarks:
HYDROLOGY

Secondary Indicators
Wetland Hydrology Indicators: (2 or more required)
Primary Indicators {min. of one required; check all that apply)
] Water-Stained Leaves (B9) (except MLRA 1, 2, 4A, & [] Water Stained Leaves (B9)

[ Surface Water (A1) 4B) {MLRA 1, 2, 4A, and 4B}

<] High Water Table (A2) [ Salt Crust (B11} [] Drainage Patterns (B10)

X Saturation (A3) [J Aquatic Invertebrates {B13) [ Dry-Season Water Table {C2)

[ Water Marks (B1} [ Hydrogen Sulfide Odor (C1) [ saturation Visible on Aerial Imagery (C8)
] Sediment Deposits (B2) [ Oxidized Rhizospheres along Living Roots (C3) [0 Geomorphic Position (D2}

[ Drift Daposits (B3) O Presence of Reduced lron {C4) [ Shallow Aquitard (D3}

[ Algal Mat or crust (B4} [J Recent Iron Reduction in Tilled Soils {C6) [0 FAC-Nsutral Test (D5}

] tron Deposits (B5) [ Stunted or Stressed Plants (D1) (LRR A) [] Raised Ant Mounds (D6} (LRR A}

[] Surface Soil Cracks (B6) [JOther (Explain in Remarks) [ Frost-Heave Hummocks (D4

[ Inundation Visible on Aerial Imagery [

{B7)

Field Observations:

Surface Water Present?  Yes [] No Depth (Inches):

Water Table Present? Yes [ No [ Depth (Inches): 4 Wetland Hydrology Present?

Saturation Present? Yes [X Ne O Depth {Inches): 0 Yes [X No [
(Includes Capillary fringe)

Describe Recorded Data (Stream gauge, monitoring well, aerial photos, previous inspections), if available:

Remarks:

US Army Corps of Engineers Western Mountains, Valleys and Coast — FINAL Version 2



Exhibit 16 SP26-1005

WETLAND DETERMINATION DATA FORM — Western Mountains, Valleys and Coast Region

Project/Site: Parklands at Camas Meadows City/County: Camas/Clark Sampling Date: 4/28/2015

Applicant/Owner; Parklands at Camas, LLC/Chinook Land Owners Group, LLC State: WA Sampling Point; TP-7
Investigator(s): T. Haderly & R.Allison Section, Township, Range: S$28,T2N,R3E

Landform (hillslope, terrace, efc.): Terrace Local relief: Convex Slope {%):8-20%
Subregion (LRR): A Lat: 45.3736 Long:-122.2654 Datum: NADS3

Soil Map Unit Name: HeD NWI classification: PFOA

Are climatic / hydrologic conditions on the site typical for this time of year? YesPd Nol] {If no, explain Remarks.)

Are Vegetation[], Soil[J, or Hydrolegy(d significantly disturbed? Area “Normal Circumstances” present? Yes[{ No[]

Are Vegetation[, Soil[], or Hydrology[] naturally problematic? (If needed, explain any answers in Remarks.)

SUMMARY OF FINDINGS - Attach site map showing sampling point locations, transects, important features, etc.

Hydrf)phyt_lc Vegetation Present? Yes[] No[d Is the Sampled Area
Hydric Soils Present? Yes[] No[d within a Wetland? Yes[] NolX
Woetland Hydrology Present? Yes[1 NolK
Remarks:
VEGETATION {(Use scientific names)
Absolute Dominant Indicator | Dominance Test Worksheet
Tree Stratum (Plot size:30 ft radius) % Caover Species? Status
1. Thufa plicata 20% yes FAC Number of Dominant Species 1 {A)
2. Pseudotsuga menziesil 20% yes FACU | That Are OBL, FACW, or FAC:
3. {non- native) Cedar sp. 20% yes .
4. Acer macrophylium 10% “no FAC Total _Nurnber of Dominant 5 (B)
Total Cover: 70% Species Across All Strata:
Percent of Dominant Species —Z0a (VED
Sapling/Shrub Stratum (Plot size: 5 ft. radius) That Are OBL, FACW, or FAC
1. % Prevalence Index worksheet
2. . % Total % Cover of: Multiply by:
3. % OBL species x1=
4. % FACW species x2=
5. % FAC species x 3=
Total Cover: % FACU species x4=
Herb Stratum (Plot size: 5 ft radius} UPL species x5=
Saxifrage sp 20% yes Column Totals: {A) §B
2, % Prevalence Index = B/A=
3 - = % Hydrophytic Vegetation Indicators:
4. % [0 1 - Rapid Test for Hydrophytic Vegstation
[0 2 - Dominance Test is >50%
5, % O 3 - Prevalence Index is <3.0°
6. % 4 - Morphological Adaptations’ {Provide
O supperting
7. % data In Remarks or on a separate
— sheet)
8. % B [0 woetland Non-Vascular Plants’
Total Cover: 20% O Problematic Hydrophytic Vegetation® (Explain}
Woody Vine Stratum (Plot size: 30 i radius)
1. Rubus armeniacus 40% yes FACU Yindicators of hydric soil and wetland hydrology
2. % Must be present, unless disturbed or problematic.
Total Cover: 40%
Hydrophytic Vegetation Present?
% Bare Ground in Herb Stratum 40% Yes[] Nold
Remarks:

US Army Corps of Engineers

Western Mountains, Valleys and Coast ~ FINAL Version 2
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SOIL S . .
ampling Point: TP-7
Profile Description: {Describe to the depth nesded to document the indicator or confirm the absence of indicators.)
Depth Matrix Redox Features
(inches)  Color (moist) % Colar {moist) 9% Type' Loc? Texture Remarks
0-16 10YR 3/3 100% Y Silt loam

% %

% %

% % -

% % -

= % %
o %o - %

% %
"Type: C=Conceniration, D=Depletion, RM=Reduced Matrix, C8=Covered or Coated Sand Grains. *Location: PL=Pore Lining, M=Matrix
Hydrlc Soll Indicators: (Applicable to all LRRs, unless otherwise noted.) Indicators for Problematic Hydric Solls
[ Histosal (A1) [ Sandy Redox (S5} [J 2 cm Muck (A10)
[ Histic Epipedon (A2} [ Stripped Matrix {S8) [ Red Parent Material {TF2}

[ Very Shallow Dark Surface (TF12)
[ Black Histic {A3) 7 Loamy Mucky Mineral (F1) (except MLRA 1) [ Other (Explain in Remarks)
] Hydrogen Sulfide (A4} ] Loamy Gleyed Matrix {F2)
[[] Depleted Below Dark Surface (A11}  [] Depleted Matrix (F3)
[ Thick Dark Surface {A12) I Redox Dark Surface (F6)
] Sandy Mucky Minerals (S1) [ Depleted Dark Surface (F7) ®Indicators of hydraphytic vegetation and
(1 Sandy Gleyed Matrix (S4) [ Redox Depressions (F8) Wetland hydrology must be present
Restrictive Layer (if present):
Type: Hydric Soll Present?
Yes[] Nol

Depth (inches):
Remarks:
HYDROLOGY

Secondary Indicators
Wetland Hydrology Indicators: {2 or more required)
Primary Indicators (min. of one required; check all that apply)
[J water-Stained Leaves (B9) (except MLRA 1, 2, 4A, & [] Water Stained Leaves (B9}

[ Surface Water (A1) 4B) {MLRA 1, 2, 4A, and 4B)

I High Water Table (A2) [ Salt Crust (B11) [ Drainage Pattems (B10})

[ Saturation (A3} [ Aquatic Invertebrates {B13) [ Dry-Season Water Table (C2)

[ water Marks {B1) [ Hydrogen Sulfide Odor {C1) [ Saturation Visible on Aerial Imagery (C9)
[ Sediment Deposits (B2) [ Oxidized Rhizospheres along Living Roots (C3) [J Geomorphic Position {D2)

[ Drift Deposits (B3) [ Presence of Reduced Iron (C4)} [ shallow Aquitard (D3}

[J Algal Mat or crust (B4} [ Recent Iron Reduction in Tilled Soils (C6) [ FAC-Neutral Test {D5)

[ Iron Depasits (B5) [ Stunted or Stressed Plants (D1) (LRR A) ] Raised Ant Mounds (D6) (LRR A)

[ Surface Soil Cracks (B6) [JOther {Explain in Remarks) [] Frost-Heave Hummocks {D4

[ inundation Visible on Aerial Imagery [

{B7)

Field Observations:

Surface Water Present?  Yes [] Ne Depth (Inches):

Water Table Present? Yes [] Ne (4 Depth (Inches): Wetland Hydrology Present?

Saturation Present? Yes [] No Depth (Inches): Yes [] No X
{Includes Capillary fringe)

Describe Recorded Data (Stream gauge, monitoring well, asrial photos, previous inspections), if available:

Remarks:

US Army Corps of Engineers Western Mountains, Valleys and Coast — FINAL Version 2
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APPENDIX B- WETLAND RATING FORM AND FIGURES
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Wetland name or number AB&C

RATING SUMMARY — Western Washington

Name of wetland {(or ID #): _Wetlands AB & C Date of site visit: _4/28/2015
Rated by_Rachel Allison Trained by Ecology?__Yes_No Date of training March 2015
HGM Class used for rating__Depressional Wetland has multiple HGM classes?___ Y__ X N

NOTE: Form is not complete without the figures requested (figures can be combined).
Source of base aerial photo/map Google Earth (2014)

OVERALL WETLAND CATEGORY __lll _ (based on functions_X_or special characteristics___)
1. Category of wetland based on FUNCTIONS

Category | — Total score = 23 - 27
Score for each
Category Il — Total score =20-22 function based
X Category lll - Total score =16 -19 ?arlit:grse : .
Category IV — Total score =9~ 15 ’(so;c‘i)etr of ratings
FUNCTION Improving Hydrologic Habitat important)
Water Quality 9=HMHH
— Cirgle the approprialg rotings 8 = H,H,M
Site Potential H {M) L H ¢M) L |H ( M) L 7=HH,L
Landscape Potential | H L H{(M)yL |[H ML 7=HMM
N v 6=HM,L
Value H L H M (L H M TOTAL ot
OO, 6 < MMM
Sco-re Based on 6 5 5 16 5=HLL
Ratings 5=M,M,L
4=M,LL
3=LLL
2. Category based on SPECIAL CHARACTERISTICS of wetland
CHARACTERISTIC CATEGORY
Estuarine I II
Wetland of High Conservation Value I
Bog I
Mature Forest I
Old Growth Forest I
Coastal Lagoon I 1
Interdunal I o w
None of the above Not Applicable
Wetland Rating System for Western WA: 2014 Update 1

Rating Form - Effective January 1, 2015
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Wetland name or number AB&C

Maps and figures required to answer questions correctly for
Western Washington

Depressional Wetlands

Map of: To answer questions: Figure #
Cowardin plant classes D13,H11,H14

Hydroperiods D14,H12

Location of outlet {can be added to map of hydroperiods) D1.1,D4.1

Boundary of area within 150 ft of the wetland {can be added to another figure) D22,D5.2

Map of the contributing basin D43,D53

1 km Polygon: Area that extends 1 km from entire wetland edge - including H2.1,H2.2,H2.3

polygons for accessible habitat and undisturbed habitat

Screen capture of map of 303(d} listed waters in basin (from Ecology website) D3.1,D3.2

Screen capture of list of TMDLs for WRIA in which unit is found {from web) D33

Riverine Wetlands

Map of: To answer questions: Figure #
Cowardin plant classes H11,H14
Hydroperiods H1.2

Ponded depressions R1.1

Boundary of area within 150 ft of the wetland {can be added to another figure) R2.4

Plant cover of trees, shrubs, and herbaceous plants R1.2,R4.2
Width of unit vs. width of stream {can be added to another figure) R4.1

Map of the contributing basin R2.2,R2.3,R5.2
1 km Polygon: Area that extends 1 km from entire wetland edge - including H21,H22, H23
polygons for accessible habitat and undisturbed habitat

Screen capture of map of 303(d) listed waters in basin (from Ecology website) R3.1

Screen capture of list of TMDLSs for WRIA in which unit is found {from weh) R3.2,R33

Lake Fringe Wetlands

Map of: To answer questions: Figure #
Cowardin plant classes L11, L41,H11,H14

Plant cover of frees, shrubs, and herbaceous plants L1.2

Boundary of area within 150 ft of the wetland {can be added to another figure) L2.2

1 km Polygon: Area that extends 1 km from entire wetland edge - including H21,H22 H23

polygons for accessible habitat and undisturbed habitat

Screen capture of map of 303(d)} listed waters in basin {from Ecology website) L3.1,L3.2

Screen capture of list of TMDLs for WRIA in which unit is found (from web) L3.3

Slope Wetlands

Map of: To answer questions: Figure #
Cowardin plant classes H11,H14
Hydroperiods H1.2

Plant cover of dense trees, shrubs, and herbaceous plants 513

Plant cover of dense, rigid trees, shrubs, and herbaceous plants 54.1

{can be added to figure above)

Boundary of 150 ft buffer (can be added to another figure) $2.1,55.1

1 km Polygon: Area that extends 1 km from entire wetland edge - including H2.1,H22,H23
polygons for accessible habitat and undisturbed habitat

Screen capture of map of 303{d) listed watersin basin {from Ecology website) §3.1,5§3.2

Screen capture of list of TMDLs for WRIA in which unit is found (from web) $33

Wetland Rating System for Western WA: 2014 Update 2

Rating Form - Effective January 1, 2015
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Wetland name or number AB &C

HGM Classification of Wetlands in Western Washington

For questions 1-7, the criteria described must apply to the entire unit being rated.

If the hydrologic criteria listed in each question do not apply to the entire unit being rated, you
probably have a unit with multiple HGM classes. In this case, identify which hydrologic criteria in
questions 1-7 apply, and go to Question 8.

1. Are the water levels in the entire unit usually controlled by tides except during floods?

@— goto 2 YES - the wetland class is Tidal Fringe - goto 1.1
1.1 Is the salinity of the water during periods of annual low flow below 0.5 ppt {parts per thousand)?

NO - Saltwater Tidal Fringe (Estuarine) YES - Freshwater Tidal Fringe

Ifyour wetland can be classified as a Freshwater Tidal Fringe use the forms for Riverine wetlands. Ifit
is Saltwater Tidal Fringe it is an Estuarine wetland and is not scored. This method cannot be used to
score functions for estuarine wetlands.

2. The entire wetland unit is flat and precipitation is the only source (>90%) of water to it. Groundwater
and surface water runoff are NOT sources of water to the unit.

@‘ goto3 YES - The wetland class is Flats
your wetland can be classified as a Flats wetland, use the form for Depressional wetlands.

3. Does the entire wetland unit meet all of the following criteria?
__The vegetated part of the wetland is on the shores of a body of permanent open water (without any
plants on the surface at any time of the year) at least 20 ac (8 ha) in size;
__Atleast 30% of the open water area is deeper than 6.6 ft (2 m).

@- goto4 YES - The wetland class is Lake Fringe (Lacustrine Fringe)

4. Does the entire wetland unit meet all of the following criteria?
—_The wetland is on a slope (slope can be very gradual),
___The water flows through the wetland in one direction (unidirectional) and usually comes from
seeps. It may flow subsurface, as sheetflow, or in a swale without distinct banks,
___The water leaves the wetland without being impounded.

@— goto5 YES - The wetland class is Slope

NOTE: Surface water does not pond in these type of wetlands except occasionally in very small and
shallow depressions or behind hummocks (depressions are usually <3 ft diameter and less than 1 ft
deep).

5. Does the entire wetland unit meet all of the following criteria?
___The unitis in a valley, or stream channel, where it gets inundated by overbank flooding from that
stream or river,
___The overbank flooding occurs at least once every 2 years.

Wetland Rating System for Western WA: 2014 Update 3
Rating Form - Effective January 1, 2015
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Wetland name or number A.B &C

@- goto 6 YES - The wetland class is Riverine
TE: The Riverine unit can contain depressions that are filled with water when the river is not
flooding

6. Is the entire wetland unit in a topographic depression in which water ponds, or is saturated to the
surface, at some time during the year? This means that any outlet, if present, is higher than the interior
of the wetland,

NO-goto7 @- The wetland class is Depressional

7. Is the entire wetland unit located in a very flat area with no obvious depression and no overbank
flooding? The unit does not pond surface water more than a few inches. The unjt seems to be
maintained by high groundwater in the area. The wetland may be ditched, but has no obvious natural
outlet.

NO-goto8 YES - The wetland class is Depressional

8. Your wetland unit seems to be difficult to classify and probably contains several different HGM
classes. For example, seeps at the base of a slope may grade into a riverine floodplain, or a small
stream within a Depressional wetland has a zone of flooding along its sides. GO BACK AND IDENTIFY
WHICH OF THE HYDROLOGIC REGIMES DESCRIBED IN QUESTIONS 1-7 APPLY TO DIFFERENT
AREAS IN THE UNIT (make a rough sketch to help you decide). Use the following table to identify the
appropriate class to use for the rating system if you have several HGM classes present within the
wetland unit being scored.

NOTE: Use this table only if the class that is recommended in the second column represents 10% or
more of the total area of the wetland unit being rated. If the area of the HGM class listed in column 2
is less than 10% of the unit; classify the wetland using the class that represents more than 90% of the
total area.

HGM classes within the wetland unit HGM class to
being rated use in rating
Slope + Riverine Riverine
Slope + Depressional Depressional
Slope + Lake Fringe Lake Fringe
Depressional + Riverine along stream Depressional
within boundary of depression
Depressional + Lake Fringe Depressional
Riverine + Lake Fringe Riverine
Salt Water Tidal Fringe and any other Treat as
class of freshwater wetland ESTUARINE

If you are still unable to determine which of the above criteria apply to your wetland, or if you have
more than 2 HGM classes within a wetland boundary, classify the wetland as Depressional for the
rating.

Wetland Rating System for Western WA: 2014 Update 4
Rating Form - Effective January 1, 2015
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Wetland name or number AB &C

DEPRESSIONAL AND FLATS WETLANDS
Water Quality Functions - Indicators that the site functions to improve water quality
D 1.0. Does the site have the potential to improve water quality?
D 1.1, characteristics of surface water gutflows from the wetland:
Wetland is a depression or flat depression {QUESTION 7 on key) with no surface water leaving it (no outlet).
points =3
Wetland has an intermittently flowing stream or ditch, OR highly constricted permanently flowing outlet. 1
points =2
Wetland has an unconstricted, or slightly constricted, surface outlet that is permanently flowing  points=1
Wetland is a flat depression (QUESTION 7 on key), whose outlet is a permanently flowing ditch.  points=1
D 1.2. The s0il 2 jn below the surface (or duff laver} is true clay or true organic {use NRCS definitions).Yes=4 No=0 0
D 1.3. Characteristics and distribution of persistent plants (Emergent, Scrub-shrub, and/or Forested Cowardin classes):
Wetland has persistent, ungrazed, plants > 95% of area points=5
Wetland has persistent, ungrazed, plants > % of area points=3 5
Wetland has persistent, ungrazed plants > '/ 1o 0f area points =1
Wetland has persistent, ungrazed plants <'/1,0f area points =0
D 1.4. Characteristics of seasonal ponding or inundation:
This is the area that is ponded for at least 2 months. See description in manual.
Area seasonally ponded is > % total area of wetland points =4 4
Area seasonally ponded is > % total area of wetland points =2
Area seasonally ponded is < ¥ total area of wetland points =0
Total for D 1 Add the points in the boxes above 10
Rating of Site Potential Ifscoreis:___ 12-16=H X 6-11=M 05=L Record the rating on the first page
D 2.0. Does the landscape have the potential to support the water quality function of the site?
D 2.1. Does the wetland unit receive stormwater discharges? Yes=1 No=0 0
D 2.2, Is > 10% of the area within 150 ft of the wetland in land uses that generate poliutants? Yes=1 No=0
D 2.3. Are there septic systems within 250 ft of the wetland? Yes=1 No=0
D 2.4. Are there other sources of pollutants coming into the wetland that are not listed in questions D 2.1-D 2.3? 0
Source: Nearby subdivision Yes=1 No=0
Total for D 2 Add the points in the boxes above 1
Rating of Landscape Potential Ifscoreis:___3or4=H _X lor2=M O0=L  Recordthe rating on the first page
D 3.0. Is the water quality improvement provided by the site valuable to society?
D 3.1. Does the wetland discharge directly {i.e., within 1 mi) to a stream, river, lake, or marine water that is on the 1
303(d) list? Yes=1 No=0
D 3.2. Is the wetland in a basin or sub-basin where an aquatic resource is on the 303(d) list? Yes=1 No=0 0
D 3.3. Has the site been identified in a watershed or local plan as important for maintaining water quality (answer YES 0
if there is a TMDL for the basin in which the unit is found)? Yes=2 No=0
TotalforD 3 Add the points in the boxes above 1
Rating of Value If scoreis: 24=H _X 1=M 0=1 Record the rating on the first page
Wetland Rating System for Western WA: 2014 Update 5

Rating Form - Effective January 1, 2015
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Wetland name or number _AB &C

DEPRESSIONAL AND FLATS WETLANDS
Hydrologic Functions - Indicators that the site functions to reduce flooding and stream degradation

D 4.0. Does the site have the potential to reduce flooding and erosion?

D 4.1. Characteristics of surface water outflows from the wetland:

Wetland is a depression or flat depression with no surface water leaving it (no outlet) points =4
Wetland has an intermittently flowing stream or ditch, OR highly constricted permanently flowing outletpoints =2 0
Wetland is a flat depression {QUESTION 7 on key), whose outlet is a permanently flowing ditch points=1
Wetland has an unconstricted, or slightly constricted, surface outlet that is permanently flowing points =0

D 4.2. Depth of storage during wet periods: Estimate the height of ponding above the bottom of the outlet. For wetlands
with no outlet, measure from the surface of permanent water or if dry, the deepest part.

Marks of ponding are 3 ft or more above the surface or bottom of outlet points=7
Marks of ponding between 2 ft to < 3 ft from surface or bottom of outlet points=5 3
Marks are at least 0.5 ft to < 2 ft from surface or bottom of outlet points=3
The wetland is a “headwater” wetland points=3
Wetland is flat but has small depressiens on the surface that trap water points=1
Marks of ponding less than 0.5 ft (6 in) points=0

D 4.3. Contribution of the wetland to storage in the watershed: Estimate the ratio of the area of upstream basin
contributing surface water to the wetland to the area of the wetland unit itself.

The area of the basin is less than 10 times the area of the unit points=5 3

The area of the basin is 10 to 100 times the area of the unit points=3

The area of the basin is more than 100 times the area of the unit points=0

Entire wetland is in the Flats class points =5
Total for D 4 Add the points in the boxes above 6
Rating of Site Potential Ifscoreis:  12-16=H _X 6-11=M __ 0-5=L Record the rating on the first poge
D 5.0. Does the landscape have the potential to support hydrologic functions of the site?
D 5.1. Does the wetland receive stormwater discharges? Yes=1 No=0 0
D 5.2.Is >10% of the area within 150 ft of the wetland in land uses that generate excess runoff?  Yes=1 No=0 1
D 5.3. Is more than 25% of the contributing basin of the wetland covered with intensive human land uses (residential at 1

>1 residence/ac, urban, commercial, agriculture, etc.)? Yes=1 No=0
Total for D 5 Add the points in the boxes above 2
Rating of Landscape Potential Ifscoreis:__ 3=H X lor2=M __ 0=L Record the rating on the first page

D 6.0. Are the hydrologic functions provided by the site valuable to society?

D 6.1. The unit is in a landscape that has flooding problems. Choose the description that best matches conditions around
the wetland unit being rated. Do not add poinis. Chaose the highest score if more than one condition is met.

The wetland captures surface water that would otherwise flow down-gradient into areas where flooding has
damaged human or natural resources {e.g., houses or salmon redds):

®  Flooding occurs in a sub-basin that is immediately down-gradient of unit. points = 2
s Surface flooding problems are in a sub-basin farther down-gradient. points=1 0
Flooding from groundwater is an issue in the sub-basin. points=1
The existing or potential outflow from the wetland is so constrained by human or natural conditions that the
water stored by the wetland cannot reach areas that flood. Explain why points =0
There are no problems with flooding downstream of the wetland. points=0
D 6.2. Has the site been identified as important for flood storage or flood conveyance in a regional flood control plan? 0
Yes=2 No=0
TotalforD 6 Add the points in the boxes above 0
Rating of Value If scoreis;___ 2-4=H 1=M X 0=L Record the rating on the first page
Wetland Rating System for Western WA: 2014 Update 6
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These questions apply to wetlands of all HGM classes.
HABITAT FUNCTIONS - Indicators that site functions to provide important habitat

H 1.0. Does the site have the potential to provide habitat?

H 1.1. Structure of plant community: Indicators are Cowardin classes and strata within the Forested class. Check the
Cowardin plant classes in the wetland. Up to 10 patches may be combined for each class to meet the threshold
of % ac or more than 10% of the unit if it is smaller than 2.5 ac. Add the number of structures checked.

_____Aquatic bed 4 structures or more: points = 4
_X_Emergent 3 structures: points = 2
__X_Scrub-shrub {(areas where shrubs have > 30% cover) 2 structures: points=1 4
_ X Forested (areas where trees have > 30% cover) 1 structure: points =0

If the unit has a Forested class, check if:
X _The Forested class has 3 out of 5 strata (canopy, sub-canopy, shrubs, herbaceous, moss/ground-cover)
that each cover 20% within the Forested polygon

H 1.2. Hydroperiods
Check the types of water regimes (hydroperiods) present within the wetland. The water regime has to cover
more than 10% of the wetland or % ac to count {see text for descriptions of hydroperiods).

___Permanently flooded or inundated 4 or more types present: points = 3
__X Seasonally flooded or inundated 3 types present: points = 2
_X_Occasionally flooded or inundated 2 types present: points = 1
_X Saturated only 1 type present: points =0 2
____Permanently flowing stream or river in, or adjacent to, the wetland
___ Seasonally flowing stream in, or adjacent to, the wetland
__ Lake Fringe wetland 2 points
____ Freshwater tidal wetland 2 points
H 1.3. Richness of plant species

Count the number of plant species in the wetland that cover at least 10 ft”.
Different patches of the same species can be combined to meet the size threshold and you do not have to name
the species. Do not include Eurasian milfoil, reed canarygrass, purple loosestrife, Canadian thistle 1
If you counted: > 19 species points = 2

5 -19 species points=1

< 5 species points =0

H 1.4. Interspersion of habitats
Decide from the diagrams below whether interspersion among Cowardin plants classes {described in H 1.1}, or
the classes and unvegetated areas {can include open water or mudflats) is high, moderate, low, or none. If you
have four or more plant classes or three classes and open water, the rating is always high.
3

& O @

None =0 points Low =1 point

All three diagrams
in this row
are HIGH = 3points

Wetland Rating System for Western WA: 2014 Update 7
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H 1.5. Special habitat features:

Check the habitat features that are present in the wetland. The number of checks is the number of points.

_X large, downed, woody debris within the wetland (> 4 in diameter and 6 ft long).

__X_Standing snags (dbh > 4 in} within the wetland

—_Undercut banks are present for at least 6.6 ft {2 m) and/or overhanging plants extends at least 3.3 ft (1 m)
over a stream (or ditch) in, or contiguous with the wetland, for at least 33 ft {10 m}) 3

____Stable steep banks of fine material that might be used by beaver or muskrat for denning {> 30 degree
slope) OR signs of recent beaver activity are present (cut shrubs or trees that have not yet weathered
where wood is exposed)

X __ At least % ac of thin-stemmed persistent plants or woody branches are present in areas that are
permanently or seasonally inundated (structures for egg-laying by amphibians)

____Invasive plants cover less than 25% of the wetland area in every stratum of plants (see H 1.1 for list of
strata)

Total forH 1 Add the points in the boxes above 13
Rating of Site Potential If scoreis:__ 15-18=H _X 7-14=M __ 0-6=1L Record the rating on the first page
H 2.0. Does the landscape have the potential to support the habitat functions of the site?

H 2.1. Accessible habitat {(include only habitat that directly abuts wetland unit).
Calculate: % undisturbed habitat 7_+ [(% moderate and low intensity land uses)/2] 7.5 =_14.5 %If
total accessible habitat is:
> /5 (33.3%) of 1 km Polygon points = 3 1
20-33% of 1 km Polygon points= 2
10-19% of 1 km Polygon points=1
< 10% of 1 km Polygon points=0

H 2.2. Undisturbed habitat in 1 km Polygon around the wetland.
Calculate: % undisturbed habitat 28 + [(% moderate and low intensity land uses)/2] 7.5 = 35.5 %
Undisturbed habitat > 50% of Polygon points =3 1
Undisturbed habitat 10-50% and in 1-3 patches points =2
Undisturbed habitat 10-50% and > 3 patches points=1
Undisturbed habitat < 10% of 1 km Polygon points=0

H 2.3. Land use intensity in 1 km Polygon: If
> 50% of 1 km Polygon is high intensity land use points = (- 2}
< 50% of 1 km Polygon is high intensity points=0 -2

TotaiforH?2 Add the points jn the boxes above 0
Rating of Landscape Potentlal If scoreis:___ 4-6=H __ 1-3=M _X <1=L Record the rating on the first page

“H 3.0. Ts the habitat provided by the site valuable to society?

H 3.1. Does the site provide habitat for species valued in laws, regulations, or policies? Choose only the highest score
that applies to the wetland being rated.
Site meets ANY of the following criteria: points =2
— It has 3 or more priority habitats within 100 m (see next page)
— It provides habitat for Threatened or Endangered species {any plant or animal on the state or federal lists)
— It is mapped as a location for an individual WDFW priority species
— It is a Wetland of High Conservation Value as determined by the Department of Natural Resources
— it has been categorized as an important habitat site in a local or regional comprehensive plan, in a
Shoreline Master Plan, or in a watershed plan
Site has 1 or 2 priority habitats (listed on next page) within 100 m points=1
Site does not meet any of the criteria above points=0
Rating of Value Ifscoreis;___2=H _X 1=M __ 0=1L Record the rating on the first page
Wetland Rating System for Western WA: 2014 Update 8
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WDFW Priority Habitats

Priority habitats listed by WDFW (see complete descriptions of WDFW priority habitats, and the counties in which they can
be found, in: Washington Department of Fish and Wildlife. 2008. Priority Habitatand Species List. Olympia, Washington.
177 pp. hitp:/ /wdfw. blications /00165 /w 5.pdf or access the list from here:

http: / /wdfw.wa.gov/conservation/phs/list/)

Count how many of the following priority habitats are within 330 ft (100 m) of the wetland unit: NOTE: This question is
independent of the land use between the wetland unit and the priority habitat.

—- Aspen Stands: Pure or mixed stands of aspen greater than 1 ac (0.4 ha).

— Biodiversity Areas and Corridors: Areas of habitat that are relatively important to various species of native fish and
wildlife (full descriptions in WDFW PHS report).

— Herbaceous Balds: Variable size patches of grass and forbs on shallow soils over bedrock.

— Old-growth/Mature forests: 0ld-growth west of Cascade crest - Stands of at least 2 tree species, forming a multi-
layered canopy with occasional small openings; with at least 8 trees/ac (20 trees/ha ) > 32 in (81 cm) dbh or > 200
years of age. Mature forests - Stands with average diameters exceeding 21 in (53 ¢m) dbh; crown cover may be less
than 100%; decay, decadence, numbers of snags, and quantity of large downed material is generally less than that
found in old-growth; 80-200 years old west of the Cascade crest.

X Oregon White Oak: Woodland stands of pure oak or oak/conifer associations where canopy coverage of the oak
component is important (full descriptions in WDFW PHS report p. 158 - see web link above).

— Riparian: The area adjacent to aquatic systems with flowing water that contains elements of both aquatic and
terrestrial ecosystems which mutually influence each other.

— Westside Prairies: Herbaceous, non-forested plant communities that can either take the form of a dry prairie or a wet
prairie (full descriptions in WDFW PHS report p. 161 - see web link above).

— Instream: The combination of physical, biological, and chemical processes and conditions that interact to provide
functional life history requirements for instream fish and wildlife resources.

— Nearshore: Relatively undisturbed nearshore habitats. These include Coastal Nearshore, Open Coast Nearshore, and
Puget Sound Nearshore. (full descriptions of habitats and the definition of relatively undisturbed are in WDFW report -
see web link on previous page).

— Caves: A naturally occurring cavity, recess, void, or system of interconnected passages under the earth in soils, rock,
ice, or other geological formations and is large enough to contain a human. .

Cliffs: Greater than 25 ft (7.6 m) high and occurring below 5000 ft elevation.

— Talus: Homogenous areas of rock rubble ranging in average size 0.5 - 6.5 ft {0.15 - 2.0 m), composed of basalt, andesite,
and/or sedimentary rock, including riprap slides and mine tailings. May be associated with cliffs.

— Snagsand Logs: Trees are considered snags if they are dead or dying and exhibit sufficient decay characteristics to
enable cavity excavation/use by wildlife. Priority snags have a diameter at breast height of > 20 in (51 cm) in western
Washington and are > 6.5 ft (2 m) in height. Priority logs are > 12 in (30 cm) in diameter at the largest end, and > 20 ft
(6 m) long.

Note: All vegetated wetlands are by definition a priority habitat but are not inctuded in this list because they are addressed
elsewhere.

Wetland Rating System for Western WA: 2014 Update 9
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CATEGORIZATION BASED ON SPECIAL CHARACTERISTICS

Wetland Type Category

Check off any criteria that apply to the wetland. Circle the category when the appropriate criteria are met.
SC 1.0. Estuarine wetlands
Does the wetland meet the following criteria for Estuarine wetlands?
— The dominant water regime is tidal,
— Vegetated, and
— With a salinity greater than 0.5 ppt Yes—Go to SC1.1 Not an estuarine wetland

SC 1.1. Is the wetland within a National Wildlife Refuge, National Park, National Estuary Reserve, Natural Area
Preserve, State Park or Educational, Environmental, or Scientific Reserve designated under WAC 332-30-151?
Yes = Category | No-GotoSC1.2

SC 1.2, Is the wetland unit at least 1 ac in size and meets at least two of the following three conditions?
— The wetland is refatively undisturbed {has no diking, ditching, filling, cultivation, grazing, and has less
than 10% cover of non-native plant species. (If non-native species are Spartina, see page 25)
— At least % of the landward edge of the wetland has a 100 ft buffer of shrub, forest, or un-grazed or un-
mowed grassland.
— The wetland has at least two of the following features: tidal channels, depressions with open water, or
contiguous freshwater wetlands. Yes = Category| No = Category Il

Cat. |

Cat. |

Cat.ll

SC 2.0. Wetlands of High Conservation Value (WHCV)
SC 2.1. Has the WA Department of Natural Resources updated their website to include the list of Weglands of High
Conservation Value? Yes - Go to $C 2.2 Go to SC 2.3 Cat. !

SC 2.2. Is the wetland listed on the WDNR database as a Wetland of High Conservation Value?
Yes = Category | No = Not a WHCV

5C 2.3. Is the wetland in a Section/Township/Range that contains a Natural Heritage wetland?
mp://wwwl.dnr.wa.gov/nhp/refdeslgiq asearch/wnhpwetlands.pdf

g Contact WNHP/WDNR and go to SC 2.4 No = Not a WHCV
SC 2.4. Has WDNR identified the wetland withinThe S/T/R as a Wetland of High Conservation Valueand listed it on
their website? . Yes = Category| @ Not a WHCV Note*

S$C3.0. Bogs
Does the wetland (or any part of the unit) meet both the criteria for soils and vegetation in bogs? Use the key
below. If you answer YES you will still need to rate the wetland based on its functions.

5C 3.1. Does an area within the wetland unit have organic soil horizons, either peats or mucks, tha: :§mpose 16inor

more of the first 32 in of the soil profile? Yes~-Goto SC3.3 Goto SC3.2

SC 3.2. Does an area within the wetland unit have organic soils, either peats or mucks, that are less¥han 16 in deep
over bedrock, or an impermeable hardpan such as clay or volcanic ash, or that are floating o top of a lake or
pond? Yes—GotoSC3.3 Qs Is not a bog

5C3.3. Does an area with peats or mucks have more than 70% cover of mosses at ground level, ANDSt least a 30%
cover of plant species listed in Table 4? Yes = Is a Category | bog No- Goto SC3.4
NOTE: If you are uncertain about the extent of mosses in the understory, you may substitute that criterion by
measuring the pH of the water that seeps into a hole dug at least 16 in deep. If the pH is less than 5.0 and the
plant species in Table 4 are present, the wetland is a bog.

SC 3.4.Is an area with peats or mucks forested (> 30% cover) with Sitka spruce, subalpine fir, western red cedar,
western hemlock, lodgepole pine, quaking aspen, Engelmann spruce, or western white pine, AND any of the
species {or combination of species) listed in Table 4 provide more than 30% of the cover under the canopy?

Yes = Is a Category | bog No =Is nota bog

Cat. |

Note: Contact was made with Joe Rocchio, Vegetation Ecologist, Washington Dept. of Natural Resources, Natural Heritage Program, on
6/15/2015. Mr. Rocchio confirmed the wetlands were not included in the list of Wetlands of High Conservation Value.

Wetland Rating Systern for Western WA: 2014 Update 10
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§C 4.0. Forested Wetlands

Does the wetland have at |least 1 contiguous acre of forest that meets one of these criteria for the WA

Department of Fish and Wildlife's forests as priority habitats? If you answer YES you will still need to rate

the wetland based on its functions.

— Old-growth forests (west of Cascade crest): Stands of at least two tree species, forming a multi-layered
canopy with occasional small openings; with at least 8 trees/ac (20 trees/ha) that are at least 200 years of
age OR have a diameter at breast height (dbh) of 32 in (81 cm) or more.

— Mature forests (west of the Cascade Crest}: Stands where the largest trees are 80- 200 years old OR the
species that make up the canopy have an average diameter {dbh) exceeding 21 in {53 cm).

Yes = Category| Not a forested wetland for this section Cat. |

$C 5.0. Wetlands in Coastal Lagoons
Does the wetland meet all of the following criteria of a wetland in a coastal lagoon?
— The wetland lies in a depression adjacent to marine waters that is wholly or partially separated from
marine waters by sandbanks, gravel banks, shingle, or, less frequently, rocks
— The lagoon in which the wetland is located contains ponded water that is saline or brackish (> 0.5 ppt)

during most of the year in at least a portion of the lagoon (needs tg.he measured near the bottom) Cat.|
Yes—Go to SC5.1 Not a wetland in a coastal lagoon
SC 5.1. Does the wetland meet all of the following three conditions?
— The wetland is relatively undisturbed (has no diking, ditching, filling, cultivation, grazing), and has less
than 20% cover of aggressive, opportunistic plant species (see list of species on p. 100). Cat. Il
— At least % of the landward edge of the wetland has a 100 ft buffer of shrub, forest, or un-grazed or un-
mowed grassland.
— The wetland is larger than */10 ac (4350 ft%)
Yes = Category | No = Category Il
SC 6.0, Interdunal Wetlands
Is the wetland west of the 1889 line {also called the Western Boundary of Upland Ownership or WBUO)? If
you answer yes you will still need to rate the wetland based on its habitot functions.
In practical terms that means the following geographic areas:
— Long Beach Peninsula: Lands west of SR 103
Grayland-Westport: Lands west of SR 105 Catl
— QOcean Shores-Copalis: Lands west of SR 115 and SR 109
Yes—-Goto SC6.1 = not an interdunal wetland for rating
Cat. Il

5C6.1. Is the wetland 1 ac or larger and scores an 8 or 9 for the habitat functions on the form (rates H,H,H or H,H,M
for the three aspects of function)? Yes = Category | No -Goto SC6.2

SC6.2. Is the wetland 1 ac or larger, or is it in a mosaic of wetlands that is 1 ac or larger?
Yes = Category I} No—-Goto SC6.3 Cat. lll

SC6.3. Is the unit between 0.1 and 1 ac, or is it in a mosaic of wetlands that is between 0.1 and 1 ac?
Yes = Category lll No = Category IV

Cat. IV
Category of wetland based on Special Characteristics Not
If you answered No for all types, enter “Not Applicable” on Summary Form Applicable

11
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PHOTOPLATES 1 & 2
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Photo 1: Southern border of Wetland A looking West.

Photo 2: TP6 in Wetland A.

Photo 3: Southern border of Wetland A looking East.
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Ecological
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Photo 4: Example of large ash tree in buffer.

Photo 5: Wetland B southern border looking
northeast.

Photo 6: Photo of Himalayan blackberry in buffer.
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= ECOLOGICAL LAND SERVICES, INC.
e S —

June 9, 2016

Phil Bourquin

Community Development Director
City of Camas _

616 NE 4™ Avenue

Camas, WA 98607

Re: Amendment #1 — Final Wetland Delineation Report for Parklands at Camas Meadows — Final
Report December 2015.

Dear Mr. Bourquin,

Recent conversations with City staff and engineers working on the proposed Parklands at Camas
Meadows project resulted in some concern about statements made in the final wetland delineation
report for the project. After reviewing the wetland delineation report and taking comments from
City staff and the project engineer into account, I believe the following amendments to the wetland
delineation report are justified. '

Storm Water Facilities in Wetland buffers
On page 6 of the wetland delineation report, the following bullet was listed:

2. Storm water from streets and traffic bearing surfaces will be collected, treated, and
conveyed in facilities outside of the wetlands and the associated buffers. The wetlands and
buffers will NOT be used for storm water treatment or detention/retention facilities.

The intent of this measure was to prohibit the construction of ponds, berms, or structures in the
wetland buffer which result in land clearing, tree removal, and extensive grading. Using the
wetland buffer to passively dispersive treated storm water should be allowed and will actually be
beneficial to the wetland system. Irecommend replacing the above bullet with the following:

2. Storm water from streets and traffic bearing surfaces will be collected and treated, - in
Jacilities outside of the wetlands and the associated buffers. The current storm water
design does not propose storm water treatment or detention in the wetlands or associated
buffers. Site storm water may be conveyed across buffers via sheet flow or through
existing conveyances to the wetlands as necessary.

Trail in Wetland Buffer
Proposed site developments include the construction of a pedestrian trail through the wetland buffer

areas. This trail is designed to provide passive recreational use of the area without having
significant impacts to the functions and values of the wetland and associated buffer. That said, the

1157 - 3rd Avenus, Sulte 220 - Longview, Washington 98632 ». (360) 578-1371 « Fox {360) 414-9305
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trail will be located within a sinuous corridor avoiding mature trees and other sensitive habitat
features including snags, large stumps, nests, etc. The trail bed will be constructed using porous
material including, but not limited to, wood chips, bark chips, porous gravel, porous pavers, and
other materials that allow water to infiltrate while providing stable footing.

If you have any questions I can be contacted at (360) 578-1371 or timh@eco-land.com.

Sincerely,

. Ve
Timoﬂ'fy J. Haderly
Senior Ecologist/Principal
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H-1 Maintenance and Operations Manual
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MAINTENANCE AND OPERATIONS MANUAL

PARKLANDS SUBDIVISION AND ARCHERY BUSINESS PARK

AUGUST 19, 2016

KESSI ENGINEERING
6400 NE Hwy 99 #G-169
Vancouver, WA 98665
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Operation & Maintenance Procedures: Vegetation Management 68 now 17
General Goals and Philosophy
General Procedures

vegetation anell est-Managementn Steuln Sle‘“’e' Facilities

Appendix A

Manual Layout
The manual breaks out the various storm sewer system components and the general maintenance
activities required for said component. For each component or activity this manual will:

o Briefly describe the component type, e.g. facility or activity.

e List the water quality and non-water quality result of each facility oractivity.

e List the Best Management Practices (BMP’s) needed to meet the water quality and
general maintenance requirements.

Additional information may be found in other manuals, such as the Washington Department of
Ecology’s 2005 Stormwater Management Manual for Western Washington, Vols. IV and V, or
site specific Operation and Maintenance (O&M) Manuals.

Maintenance is performed as a means to obtain specific results. The maintenance results, as
listed below, are specified for each drainage feature or activity. They include maintaining
performance and appearance of the facility, and the need to prevent maintenance work itself
from becoming a pollutant source or damaging habitat.

Maintenance Results (R1-R10)
Water Quality Results:

R1
R2

R3
R4

Avoid or minimize sediment and pollutant discharges from the work area.
Prevent parking areas, roads, drainage systems, and drainage facilities from
becoming pollutant sources.

Avoid or minimize vegetation removal.

Preserve native vegetation.

Infrastructure Maintenance Results:

RS
R6
R7
R8
R9
R10

Protect public safety and health.

Prevent catastrophique infrastructure failures.

Maintain and/or restore the intended infrastructure function.
Prevent and/or reduce flooding.

Protect infrastructure.

Meet public expectations for aesthetics.

Storm sewer facility refers to specific drainage features, such as catch basins, pipes, ditches,
ponds, biofiltration swales, and infiltration systems. Activities refer to maintenance tasks
associated with operating and maintaining stormwater facilities such as vegetation management

Page 3 of 17
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and small repair projects. Depending on the extent of the maintenance, some property owners
may be able to handle storm sewer maintenance themselves. Often, however, depending on the
type of maintenance, the property owners will contract out the work. Landscapers are often
employed to maintain vegetated facilities, such as swales and pond areas.

Heavier work, like cleaning catch basins, ditch inlets, outlet structures, or drywells often requires
special equipment, such as trucks that can vacuum out sediment. When located within the city
right-of-way, maintenance is typically the responsibility of the City. For those located on private
property, a contractor would need to be contacted to perform this work. Check phone book
listings, such as sewer and cleaning contractors, tank cleaning, and environmental and ecological
services. Check with the contractor to ensure that all materials are disposed of according to solid
waste and hazardous materials regulations. Ultimately, the generator of the waste or hazardous
material is responsible for proper disposal.

Special Facilities:

Manufactured storm sewer facilities, such as leaf compost filters and oil/water separators often
have maintenance requirements and manuals specified or written by the manufacturer. Also,
larger or more complex storm sewer facilities may include specifications for maintenance and
vegetation management that provide specific detail above and beyond this manual. Where the
Public Works Director determines that these manuals or plans provide an equal or greater level
of maintenance and water quality protection, then these procedures shall be followed by the
owner. The Public Works Director must approve these individual maintenance plans,
specifications, or manuals.

Page 4 of 17
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Catch Basins and Curb Inlets

Catch basins and curb inlets trap sediment and some oils that are washed off the road surface
during a storm event. This sediment and the oils if not removed from the basins and inlets have
the potential to pollute water bodies. They need to be inspected and cleaned at a minimum
annually, more often if necessary; to remove accumulated sediment, fluids, and trash.

Maintenance Results
R1 Avoid or minimize sediment and pollutant discharges from the work area.
R2 Prevent parking areas, roads, drainage systems, facilities, and property from
becoming pollutant sources.
R7 Maintain or restore the intended infrastructure function
R8  Prevent or reduce flooding.
R9 Protect infrastructure.

Procedures

Inspection
Inspect catch basins and curb inlets at least once per year, more often if necessary.

Periodically inspect the catch basin or curb inlets and surrounding areas for pollutants, such as
leaks from dumpsters, minor spills, and oil dumping. Act to have the pollutant source removed.
Ensure that grass clippings and leave debris is not being blown into the streets.

Cleaning
Clean catch basins and curb inlets when they become one third full in order to maintain

sediment-trapping capacity. Catch basin, curb inlet, and manhole cleaning should be performed
in a manner that keeps removed sediment and contaminated water from being discharged back
into the storm sewer.

Clean putrid materials from the catch basins and curb inlets when discovered or reported.

Keep the inlet grates cleared of debris and litter.

Safety
Work inside underground structures (e.g. manholes) requires special OSHA-required confined

space equipment and procedures. The most practical option may be to contract with a sewer-
cleaning contractor for this work.

Materials Handling

Disposal of waste from maintenance of drainage facilities shall be conducted in accordance with
federal, state, and local regulations, including the Minimum Functional Standards for Solid
Waste handling Chapter 173-304 WAC; guidelines for disposal of waste materials; and where
appropriate, Dangerous Waste Regulations, Chapter 173-303 WAC.
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Removed sediment must be disposed of in the garbage as solid waste. Contaminated water
should be disposed of in a sanitary sewer after oils are removed using oil absorbent materials or
other mechanical means. Used oil absorbents should be recycled or disposed according to the
manufacture’s instructions.

Repairs
Repair any damages that prevent the catch basin or curb inlet from functioning as designed. An
example is a broken or missing outlet elbow.

Follow the Procedures described under the Activity: Installation, Repair and Replacement of
Enclosed Drainage Systems.

Page 6 of 17
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Energy Dissipaters

Energy dissipaters are critical for preventing erosion at storm drain outfalls. There are a variety
of designs, including wire gabion baskets, rock splash pads, trenches, and specially designed
pools or manholes.

Maintenance Results
R1 Avoid or minimize sediment and pollutant discharges from the work area.
R2 Prevent parking areas, roads, drainage systems, and drainage facilities from
becoming pollutant sources.
R7 Maintain or restore the intended infrastructure function.
R8  Prevent or reduce flooding.
R9 Protect infrastructure.

Procedures

Inspection
Inspect at least once per year.

Cleaning
Remove any accumulated litter.

Dispersion trenches: remove sediment from pipe when it reaches 20 percent of the pipe diameter.

Repairs
Rock splash pads: replace missing or moved rocks to cover exposed soil and meet design

standards.

Dispersion trenches: repair conditions that cause concentrated flow along the trench. Clean pipe
perforations when one-half of them are plugged or if flows bypass or overflow the trench.

Manhole/Chamber: when the structure deteriorates to one-half its original size or it becomes
structurally unsound, replace it to the design standards.

Follow the practice described under the Activity: Installation, Repair and Replacement of
Enclosed Drainage Systems.

Page 7 of 17
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Manholes

Manholes are large cylindrical vaults usually set at storm sewer pipe connections. Unless you
have OSHA approved training and equipment, never enter a manhole. There is a considerable
risk of poisonous gas and injury.

Maintenance Results
R1  Avoid or minimize sediment and pollutant discharges from the work area.
R2 Prevent parking areas, roads, drainage systems, and drainage facilities from
becoming pollutant sources.
R7 Maintain or restore the intended infrastructure function.
R8 Prevent or reduce flooding.
R9 Protect infrastructure.

Procedures

Inspection

Inspect the manhole once per year. Check frame and lid for cracks and wear, such as rocking
lids or lids move by traffic.

Periodically inspect the manhole and surrounding areas for pollutants such as leaks from
dumpsters, minor spills, and oil dumping. Take action to have the pollutant source removed.

Cleaning
Clean manholes when there is a blockage of the stormwater channel. Cleaning should be

performed in a way that ensures removed sediment and water is not discharged back into the
storm sewer.

Safety
Never enter a confined space without proper training and safety gear. Work inside underground

structures requires special OSHA-required confined space equipment and procedures. The most
practical option may be to contract with a sewer-cleaning contractor.

Materials Handling

Disposal of waste from maintenance of drainage facilities shall be conducted in accordance with
federal, state, and local regulations, including the Minimum Functional Standards for Solid
Waste handling Chapter 173-304 WAC; guidelines for disposal of waste materials; and where
appropriate, Dangerous Waste Regulations, Chapter 173-303 WAC.

Removed sediment must be disposed of in the garbage as solid waste. Contaminated water
should be disposed of in a sanitary sewer after oils are removed using oil absorbent materials or
other mechanical means. Used oil absorbents should be recycled or disposed according to the
manufacture’s instructions.
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Repairs
Repair all security and access features so they are fully functional. This includes locking lids,
cover, and ladder rungs.

Replace broken parts or lids that rock or are moved by traffic.

Follow the practice described under the Activity: Installation, Repair and Replacement of
Enclosed Drainage Systems.

Page 9 of 17
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Storm Sewer/Drain Pipe

Storm sewer pipes convey stormwater. Storm pipes are constructed of many different types of
materials and are sometimes perforated to allow groundwater to be collected by the storm
system. Storm pipes are cleaned to remove sediment or blockages when problems are identified.
Storm pipes must be clear of obstructions and breaks to prevent localized flooding.

Maintenance Results
O1  Avoid or minimize sediment and pollutant discharges from the work area.
02  Prevent parking areas, roads, drainage systems, and drainage facilities from
becoming pollutant sources.
o7 Maintain or restore the intended infrastructure function.
08  Prevent or reduce flooding.
09  Protect infrastructure.

Procedures

Inspection

Pipes are difficult to inspect requiring special equipment and training. Usually, if a problem
occurs the owner needs to call a sewer of plumbing contractor to inspect, repair, or clean
pipelines.

Cleaning
Clean pipes when sediment depth is greater than 20 percent of pipe diameter. When cleaning a

pipe, minimize sediment and debris discharges from pipes to the storm sewer. Install
downstream debris traps (where applicable) before cleaning and then remove material.

Generally, use mechanical methods to remove root obstructions from inside storm sewer pipes.
Do not put root-dissolving chemicals in storm sewer pipes. If there is a problem, remove the
vegetation over the line.

Safety
Work inside underground structures requires special OSHA-required confined space equipment

and procedures. The most practical option may be to contract with a sewer-cleaning contractor.

Materials Handling
Sediment and debris from pipes should be disposed in the garbage as solid waste. Pick out any
rocks first.

Repairs
Repair or replace pipes when a dent or break closes more than 20 percent of the pipe diameter.

Repair or replace pipes damaged by rust or deterioration.

Follow the practice described under the Activity: Installation, Repair, and Replacement of
Enclosed Drainage Systems.
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FloGard Perk Filter™ (using ZPC Filter Media)

Reference: June 2016 - GENERAL USE LEVEL DESIGNATION FOR BASIC AND PHOSPHORUS TREATMENT
For Kristar/Oldcastle Precast, Inc. FloGard Perk Filter™ (using ZPC Filter Media)

Maintenance: The required maintenance interval for stormwater treatment devices is often dependent
upon the degree of pollutant loading from a particular drainage basin. Therefore, Ecology does not
endorse or recommend a “one size fits all” maintenance cycle for a particular model/size of manufactured
filter treatment device.

o Typically, Kristar/Oldcastle designs PerkFilter systems for a target filter media replacement interval of 12
months. Maintenance includes removing accumulated sediment from the vault, and replacing spent
cartridges with recharged cartridges.

e Indications of the need for maintenance include effluent flow decreasing to below the design flow rate,
as indicated by the scumline above the shoulder of the cartridge.

e Owners/operators must inspect PerkFilter for a minimum of twelve months from the start of post-
construction operation to determine site-specific maintenance schedules and requirements. You must
conduct inspections monthly during the wet season, and every other month during the dry season.
(According to the SWMMWW, the wet season in western Washington is October 1 to April 30. According
to SWMMEW, the wet season in eastern Washington is October 1 to June 30). After the first year of
operation, owners/operators must conduct inspections based on the findings during the first year of
inspections.

e Conduct inspections by qualified personnel, follow manufacturer’s guidelines, and use methods
capable of determining either a decrease in treated effluent flowrate and/or a decrease in pollutant
removal ability. When inspections are performed, the following findings typically serve as maintenance
triggers:

e Accumulated vault sediment depths exceed an average of 2 inches, or

e Accumulated sediment depths on the tops of the cartridges exceed an average of 0.5 inches, or
e Standing water remains in the vault between rain events, or
® Bypass occurs during storms smaller than the design storm.

o Note: If excessive floatables (trash and debris) are present, perform a minor maintenance consisting of
gross solids removal, not cartridge replacement.

Maintenance Results
R1 Avoid or minimize sediment and pollutant discharges from the work area.
R2 Prevent parking areas, roads, drainage systems, and drainage facilities from
becoming pollutant sources.
R7 Maintain or restore the intended infrastructure function.
R9 Protect infrastructure.
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Procedures

Inspection
Inspect the structure (see third bullet in above list). The inspection should determine sediment

depth and the specific maintenance and repairs needed.

Inspect annually for cracks large enough to let soil enter the vault, broken or defective plates and
baffles, and crushed or damaged pipes.

Periodically inspect the structure and surrounding areas for pollutants such as leaks from
dumpsters, minor spills, and oil dumping. Take action to have the pollutant source removed.

Cleaning
Remove trash and litter from the vault, inlet, and piping.

Remove sediment when it accumulates to 2-inches in depth in the vault
Remove sediment when it accumulates on filter media.

Replace media cartridges per manufacture’s recommendation.

Safety
Work inside underground structures requires special OSHA-required confined space equipment

and procedures. The most practical option may be to contract with a sewer-cleaning contractor.
Materials Handling

Disposal of waste from maintenance of drainage facilities shall be conducted in accordance with
federal, state, and local regulations, including the Minimum Functional Standards for Solid
Waste handling Chapter 173-304 WAC; guidelines for disposal of waste materials; and where
appropriate, Dangerous Waste Regulations, Chapter 173-303 WAC.

Removed sediment must be disposed of in the garbage as solid waste. Contaminated water
should be disposed of in a sanitary sewer after oils are removed using oil absorbent materials or
other mechanical means. Used oil absorbents should be recycled or disposed according to the
manufacture’s instructions.

Repairs
Repair any cracked or defective plates or baffles. Cracks are repaired so that no cracks greater

than Y-inch are found.

Replace media cartridges if it takes longer than an hour for water to empty through media or if
water frequently overflows the treatment chamber. Replace defective cartridges.

Repair all security and access features so they are fully functional. This includes locking lids,
covers, and ladder rungs.

Follow the practice described under the Activity: Installation, Repair, and Replacement of
Enclosed Drainage Systems.
Page 12 of 17
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Access Roads and Easements

Most stormwater facilities have access roads to bring in heavy equipment for facility
maintenance. These roads should be maintained for inspection access and ease of equipment
access.

Maintenance Results
R1 Avoid or minimize sediment and pollutant discharges from the work area.
R2 Prevent parking areas, roads, drainage systems, and drainage facilities from
becoming pollutant sources.
R7 Maintain or restore the intended infrastructure function.
R10  Meet public expectations for aesthetics.

Procedures

Inspection
Inspect once a year or when facilities are maintained.

Cleaning
Remove litter when mowing or when there is any accumulation.

Remove any debris that blocks roads or may damage tires.

Vegetation Management

Manage vegetation as for the rest of the facility. Trees and shrubs may be removed from access
roads and easements if they block access for necessary maintenance or will prevent or harm
intended stormwater facility function. Use of pesticides is prohibited unless prior approval is
received from the City.

Repairs
Correct any bare or eroded soils by seeding or a cover BMP.

Repair road surfaces when they may lead to erosion or limit equipment access.

Page 13 of 17
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Pavement Sweeping

Pavement sweeping is performed as a means of removing sand, dirt, and litter from streets and
curb gutters. Sweeping also reduces dust during dry weather. Pavement sweeping is also part of
storm sewer maintenance procedure because it limits the amount of sediment washed into the
storm sewer facilities. The water quality procedure for street sweeping focuses on sediment
removal and disposal. Reducing the amount of sediment washed into catch basins, curb inlets,
detention facilities, drywells, and other facilities can save money because sweeping is generally
cheaper that removing sediment from facilities. Sweeping also helps protect facilities from
clogging with sediment.

Maintenance Results
R2 Prevent parking areas, roads, drainage systems, and drainage facilities from
becoming pollutant sources.
R5 Protect public safety and health.
R10 Meet public expectations for aesthetics.

Procedures

Inspection
Inspect on a weekly basis, depending on traffic volumes.

Cleaning
Sweep the site to help keep sediment from entering storm sewer systems and water bodies.

Sweeping is especially useful for cleaning up work areas.

Sweeping can be as easy as using a couple of push brooms or as involved as using mechanical
methods.

Materials Handling

Disposal of waste from maintenance of drainage facilities shall be conducted in accordance with
federal, state, and local regulations, including the Minimum Functional Standards for Solid
Waste handling Chapter 173-304 WAC; guidelines for disposal of waste materials; and where
appropriate, Dangerous Waste Regulations, Chapter 173-303 WAC.

Sweepings should be disposed of as solid waste or under a program permitted by the Southwest
Washington Health District.
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Installation, Repair, and Replacement of Enclosed Drainage Systems

This chapter includes tasks such as repair and replacement of pipe, catch basins, drywells, and
manholes. It also includes drainage projects that add new pipes, catch basins, or infiltration
structures. New drainage projects are subject to regulations under CMC 15.36
Erosion/Sediment Control Plans.

Maintenance Results
R1  Avoid or minimize sediment and pollutant discharges from the work area.
R2 Prevent parking areas, roads, drainage systems, and drainage facilities
from becoming pollutant sources.
R7 Maintain or restore the intended infrastructure
function. R8 Prevent or reduce flooding.

Procedures

Cleaning
Avoid or minimize vegetation removal. If work is near a stream or wetland, there are regulatory

requirements to must be met.
Prevent debris, oils, cleaning agents, and sediment from entering waterways.
Avoid or minimize work in wet weather. This will reduce the problems of containing sediment.

Carry spill control kit on-site to contain and clean up possible small spills in the work area,
e.g. oil spills.

Protect our storm systems:

e Install sediment traps around curb inlets and catch basins, e.g. biobags or gravel
filled pillows.

e Install catch basin inserts.

e Sweep or vacuum dust and debris from the repair job. Do not wash materials into
storm sewers.

e Place stockpiles away from drainage ways, wetlands, and natural wetland and habitat
buffers. Cover stockpiles or contain them with berms or other containment devices.

e At stream crossings, trap material using screens or another approved form of
containment. Use containment BMP’s to protect roadside ditches during wet weather.

Ensure that along with the approved erosion/sediment control measures that are in-place prior
to construction, that there is an emergency sediment control kit for unexpected problems; e.g.
trench dewatering. This should include:

e Sediment bag,

e Additional biobags and catch basin inserts,

e Push brooms and flat edge shovels.
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Minor Culvert Repair (not in a natural stream)

This activity is for the replacement or repair of culverts and inlets. It applies only to structures
that are in ditches that are specifically for storm drainage. These are ditches that do not carry
water during dry weather. If there is any question about whether the ditch is a storm drain or a
stream, consult with the Washington Department of Fish and Wildlife and the City of Camas
Public Works Department.

Maintenance Results
R1 Avoid or minimize sediment and pollutant discharges from the work
area. R3 Avoid or minimize vegetation removal.
R7 Maintain or restore the intended infrastructure
function. R8 Prevent or reduce flooding.
R9 Protect infrastructure.

Procedures
Comply with erosion/sediment control requirements in CMC 15.32.

Avoid or minimize vegetation removal. If work is near a stream or wetland, there are likely to
be regulatory requirements.

Other than to address a threat to public safety or property due to flooding, perform work
during the dry season.

Minimize soil disturbance.
Use sediment controls to trap any sediment and prevent sediment from entering the storm
sewer and water bodies. Sediment trapping BMP’s are to be used to the extent practical

during emergencies. An emergency sediment control kit is highly recommended.

Use cover BMP’s to prevent erosion of bare soil. Vegetate bare soils.
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Operation & Maintenance Procedures: Vegetation Management
General Goals and Philosophy

The City of Camas recognizes the special importance of the rivers, streams, wetlands, ponds,
and stormwater control and treatment facilities. The sensitive nature of such habitat, their plant
and animal communities, and their direct link with other waterways require that we establish
specific policies to ensure their health. All landscape management decisions for controlling
unwanted vegetation, diseases, and pests should follow Integrated Pest Management (IPM)
principles and decision-making rationale. These are as follows:

e Proper planning and management decisions begin the IPM process.

e Cultural methods of vegetation and pest control are preferred and are firstemployed.

e Mechanical means of vegetation and pest control are next in line of preference, and
are utilized where feasible.

e Biological methods of vegetation and pest control are considered before chemical
means, where they are feasible.

e Botanical and synthetic pesticides are used only when no other feasible methods exist.

General Procedures

Use Only Appropriate Plants

The City of Camas has adopted a list of approved plants for use in development projects, and
to assist homeowners in choosing appropriate plantings. The list also has prohibited
undesirable plants. Only plants approved for use on the City of Camas Plant List are allowed
for use within the City’s right-of-way, storm sewer facilities, and wetland buffers.

Mulching
Mulches and other ground coverings are useful during the installation and restoration of

landscapes as well as their ongoing maintenance. Mulches meet a variety of needs. They
suppress weeds, help to retain moisture around plants, reduce possible erosion, and
provide visual enhancement.

Always consider the possible impacts when using mulches, which may include:
Inadvertent introduction of non-native plants and diseases to the site.

Leaching of substances such as tannins from the mulch into nearby waterways.
Migration of mulch material in waterways.

Nutrient leaching into waterways.
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