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1T Introduction

This Design Report was prepared for The Ranch on Swauk Creek Diversion Improvement and
Restoration Project (project). The project is being implemented by Kittitas County Conservation
District (KCCD), with the support of the Washington Department of Fish and Wildlife (WDFW) and
with grant funding from the Washington Recreation and Conservation Office (RCO) through the
Salmon Recovery Funding Board (SRFB).

KCCD proposes to restore fish passage and conserve instream flow in a reach of Swauk Creek by
consolidating two gravity irrigation diversions that serve The Ranch on Swauk Creek to a single point
of diversion. The project will also pipe portions of the irrigation conveyance ditch on the ranch to
reduce evaporation and infiltration losses, and it will include planting cottonwood copses in strategic
locations to provide shade and future woody debris for the stream and floodplain. This report
outlines project objectives and constraints, summarizes how the project objectives have been
addressed through the key elements incorporated into the design of the project, and includes
analyses completed as a basis for the design of the project.

1.1 Project Background

The Yakima River basin has been modified by a complex array of reservoirs, diversion dams, canals,
and drains used to divert and convey water for over 100 years. Humans have modified the timing
and quantity of river and streamflows in the Yakima River and several of its tributaries. Tributaries to
the Yakima River, especially those that do not have large dams and are not subject to storage
reservoir operations, offer excellent opportunities to improve salmonid rearing habitat. KCCD has
been working with the Yakima Tributary Access and Habitat Program (YTAHP) technical group, local
agencies, and irrigators to improve fish passage on tributaries to the Yakima River in Kittitas County.

The proposed project is located on Swauk Creek, northwest of Ellensburg in Kittitas County. Swauk
Creek is a tributary to the Yakima River. The Swauk Creek watershed drains an area of about

100 square miles before entering the Yakima River at River Mile (RM) 170. Swauk Creek is an
important and productive spawning and rearing stream for Endangered Species Act (ESA)-listed
steelhead, spring Chinook salmon, coho salmon, ESA-listed bull trout, and other species. Like other
tributaries to the upper Yakima River, flow in Swauk Creek is largely derived from snow during the
winter months and snowmelt in the spring. The upper Yakima River limiting factors analysis (Haring
2001) identified that low flows (or sometimes no flows) in lower Swauk Creek severely limit steelhead
production and may preclude coho salmon spawning because flows are typically lowest in the fall.

Two irrigation diversions draw water from Swauk Creek at RM 7.71 and RM 7.92 to supply The Ranch
on Swauk Creek, just upstream of where the creek crosses under U.S. Highway 97. The irrigation
diversions are not screened in accordance with current National Marine Fisheries Service (NMFS) and
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WDFW screening guidelines, resulting in mortality of fish when they are trapped in the irrigation
systems. The diversions also represent partial barriers to fish migration.

The proposed project will consolidate the irrigation diversions into a single point of diversion with a
fish screen that meets current WDFW fish-screening guidelines. The project will also correct fish
passage barriers at the two existing points of diversion, convert a portion of an earthen delivery ditch
to a buried pipeline to reduce evaporation and infiltration, and restore riparian areas by planting
cottonwood copses in key locations to provide shade and future woody debris for the stream.

1.2 Prior Work

The current irrigation headgate and screen system was replaced in 2010 to reduce entrainment of
fish in the irrigation ditch system. A short, steep rock ramp was installed at that time to raise the
water elevation in the creek to allow for diversion at the upper headgate. This rock ramp shifted
during high flows and no longer holds Swauk Creek to a sufficient elevation to maintain irrigation
diversions throughout the irrigation season. A vertical flat plate screen with a propeller-driven
mechanical brush was also installed in 2010, but the hydraulic conditions at the screen have not
provided the appropriate velocities needed to move fish and debris past the screen and through the
bypass back to the creek. In addition, the outlet of the fish bypass pipeline frequently becomes
buried in sediment and is difficult to maintain.

1.3 Project Purpose

The overall purpose of the project is to improve fish passage and conserve instream flows in Swauk
Creek by consolidating two gravity irrigation diversions on Swauk Creek to a single point of
diversion, piping an irrigation conveyance channel to reduce evaporation and infiltration, and
planting cottonwood copses in strategic locations to provide shade and future woody debris for the
stream and floodplain. The design and implementation of key project elements are intended to
achieve the following specific project objectives:

1. Eliminate irrigation-related mortality of steelhead, coho, and Chinook salmon at Swauk Creek
RM 7.71 and significantly reduce the irrigation-related mortality of steelhead, coho, and
Chinook salmon at Swauk Creek RM 7.92.

2. Restore year-round fish passage for all life stages of salmonids at Swauk Creek RM 7.71 and
RM 7.92.

3. Improve summer rearing conditions for juvenile steelhead, coho, and Chinook salmon in
Swauk Creek by increasing irrigation efficiency, resulting in up to 0.25 cubic foot per second
(cfs) of conserved water (approximately 8% of the water right) available for instream flow
benefits.
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4. Increase canopy cover, provide shade, and produce a source of future large woody debris for
Swauk Creek and its floodplain by planting up to approximately 3.5 acres with cottonwood
copses.

1.4 Report Organization

This report includes the following sections:

¢ Section 2, Project Location and Existing Conditions: Describes existing conditions at the
proposed project site and summarizes the design criteria and requirements for the project.

* Section 3, Proposed Improvements: Describes the proposed improvements at the project site.

o Section 4, Design Criteria: Lists the design criteria used in the development of project
improvements.

e Section 5, Design Analyses: Summarizes the analyses completed to evaluate project
alternatives, select a preferred project alternative, and develop the design of the project.

¢ Section 6, Summary of Proposed Improvements: Summarizes the key facilities included in the
design of the project.

e Section 7, Opinion of Probable Construction Cost: Includes the opinions of probable project
costs developed as part of the design and identifies cost considerations that have been
evaluated and refined as part of the final design phase of the project.

* Section 8, Summary and Recommendations: Provides an overall summary and
recommendations for design development and implementation.
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2 Project Location and Existing Conditions

This section includes a brief description of the project site and its existing conditions.

2.1 Location

The proposed project is located on Swauk Creek (Water Resource Inventory Area [WRIA] 39),
northwest of Ellensburg, Washington, in Kittitas County (Figure 2-1). The two irrigation diversions are
located in the northwest quarter of Section 27, Township 20N, Range 17E, just upstream of where
Swauk Creek crosses U.S. Highway 97 near the intersection of U.S. Highway 97 and Washington State
Route 970.

2.2 Existing Conditions

Existing conditions were observed during a site visit on April 29, 2020. Notes and photographs taken
during the site visit are included as Appendix A. Key characteristics of Swauk Creek and the existing
irrigation facilities at the site are summarized as follows.

2.2.1 Swauk Creek

Swauk Creek originates in the Wenatchee Mountains (a northwest-southeast trending spur of the
Cascade Mountains) near Diamond Head peak (elevation 5,915 feet), just south of Blewett Pass. It
flows for approximately 23 miles to its confluence with the Yakima River near RM 170. The Swauk
Creek watershed is approximately 100 square miles. Swauk Creek drains approximately 83 square
miles upstream of the project site. The upstream diversion is at an elevation of 2,191 feet (North
American Vertical Datum of 1988 [NAVDA88]). The basin is fed by multiple small tributaries. Like other
tributaries to the upper Yakima River, the hydrology of Swauk Creek is defined by high spring and
early summer flows driven by snowmelt, with low late summer and early fall flows. Although the
drainage area of Swauk Creek is fairly large, precipitation in the Swauk Creek watershed is low, with
the majority coming in the form of snow during the winter months. Late-summer low flow in lower
Swauk Creek limits steelhead production and may preclude coho salmon spawning.

Aerial photography shows that most of the basin is forest canopy with no development. Previous
logging is evident by the location of forest roads and drag marks. The creek channel in the upper
portions of the drainage basin is steep, at an average grade of greater than 20%. However, the
channel becomes flatter at approximately 2% grade through the last 10 miles of the basin upstream
from the project site. The mean basin slope is approximately 33.6%.
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Figure 2-1
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A substantial number of commercial and private interests conducted gold prospecting throughout
the upper Swauk Creek watershed in the late 1800s and early 1900s. The resulting impacts of mining
activities are still apparent today. The relatively high degree of fine sediment within the system is a
likely result of the long history of suction dredging. In addition, many of the coarse materials
{(boulders and cobbles) were dredged out of the creek and placed in mounds adjacent to the creek.
In the mid-1950s, U.S. Highway 97 was constructed, and Swauk Creek was channelized and
straightened to accommodate the highway. The cumulative effect of these actions has reduced large
wood and pools that are important components of stream function and aquatic habitat.

2.2.11  Out-of-Stream Water Needs and Water Rights

The Ranch at Swauk Creek relies on Swauk Creek to provide stock water and irrigation water for up
to 118.2 acres of pasture for raising of horses and livestock. The Ranch at Swauk Creek currently has
water rights that allow for diversion of surface water from Swauk Creek of up to 2.0 cfs at RM 7.92
and up to 1.5 cfs at RM 7.71.

2.2.1.2  Fish Species Present

The primary fish species of concern in Swauk Creek listed under the ESA is mid-Columbia summer
steelhead trout. Swauk Creek also provides habitat for ESA-listed spring Chinook salmon, ESA-listed
bull trout, coho salmon, Pacific lamprey, cutthroat trout, and rainbow trout. NMFS identified the
upper Yakima local steelhead population as being at high risk (NMFS 2011). Radio telemetry data
from 2002 to 2014 indicate that 13% of upper Yakima steelhead spawn in Swauk Creek (USBR 2006;
Temple et al. 2015). Table 2-1 provides a summary of the key fish species that may be present at the
site.

Table 2-1
Key Fish Species Potentially Present at Project Site
= Endangered Species Act | L | Juvenile Migratory
Sp_e_cies _ Coverage | Adult Migratory Season Season
Middle Columbia Summer Yes, Threatened April to May March to May
Steelhead _
Coho Salmon No ~ October to November April to May
.?prir-wg Chinook Salmon No ! September October to November
Columbia River Bull Trout Yes, Threatened | October to November ~ Year-round
I Pacific Lamprey No | April to July November or March to
_ | April

Upper Yakima steelhead hold in the mainstem river during the winter months and migrate to
tributaries for spawning in the spring, possibly related to water temperature (Yakima Subbasin Fish
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and Wildlife Planning Board 2004). Steelhead would thus be migrating through the creek during or
just following the spring snowmelt runoff.

2.2.2 lrrigation Diversion at RM 7.92

The irrigation diversion at RM 7.92 consists of the following key components:

¢ Headgate Structure: Flow from Swauk Creek to the irrigation system is controlled by a 4-foot-
wide slide gate mounted on a reinforced-concrete inlet structure on the right bank (looking
downstream) of the creek. The existing headgate and inlet structure appear to be in good
condition and operate as designed.

¢ Fish Screen: The headgate controls flow through a short segment of unlined ditch to the existing
fish screen. The fish screen is a vertical flat plate screen mounted in a fabricated metal structure
that was originally provided by WDFW. The screen is self-cleaning with a mechanical brush that is
driven by a propeller that rotates in the irrigation water as it discharges through the structure
downstream of the screen. The screen appears to consistently keep fish from being entrained in
the irrigation ditch but frequently backwaters. The hydraulic conditions at the screen do not
maintain consistent sweeping velocities to move fish and debris past the screen and through the
bypass back to the creek. During the irrigation season, the existing screen requires very frequent
cleaning (as often as every 2 hours).

o Fish Bypass: An 8-inch fish bypass pipeline conveys excess water, fish, and debris back to the
creek. The bypass outlet at the creek frequently becomes buried in sediment and it appears, at
times, that water backs up in the bypass and flows toward the screen.

* Roughened Channel: A previous project constructed in 2010 created a small roughened channel
and rock weir structure immediately downstream from the intake to back the water up into the
intake. Streambed boulders were placed in the channel to create the weir. However, it appears
that some streambed boulders have shifted or settled and are not able to maintain adequate
hydraulic conditions to keep the appropriate depth or flow of water needed in the diversion
during the late summer.

To operate the current diversion system and maintain diversions during the late summer, the
property owner currently installs an aluminum pole across the stream channel with a plastic tarp
attached to it and anchored to the streambed to back up the water. These materials placed in the
channel create a complete fish passage barrier while in place.

2.2.3 Diversion at RM 7.71

The diversion at RM 7.71 consists of the following key components:

o Headgate Structure: Flow from Swauk Creek to the irrigation system is controlled through a 16-
inch canal gate mounted on a reinforced-concrete inlet structure on the left bank of the creek.
The existing headgate and inlet structure appear to operate as designed.
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¢ Diversion Pipeline: The headgate controls flow to a 16-inch-diameter steel pipeline that
conveys water to the irrigation system. A combination of buried pipeline and open ditch conveys
water from the point of diversion to the fish screen.

o Fish Screen: This diversion includes a vertical flat plate screen mounted in a fabricated metal
structure that was originally provided by WDFW, similar to the fish screen at the upper diversion.
However, the screen is far off-channel and downstream of the diversion, approximately 500 feet
from the point of diversion, between the headgate structure and Burke Road. The screen is self-
cleaning with a mechanical brush that is driven by a propeller that rotates in the irrigation water
as it discharges through the structure. Because the fish screen is far downstream of the diversion
on the ditch system, fish become entrained in the diversion system and cannot easily be returned
to the creek. In addition, the existing fish screen appears to overtop multiple times a year when
diverted flows exceed the capacity of the fish screen. A fish bypass pipeline returns bypass flows
and fish to Swauk Creek at a discharge point near the U.S. Highway 97 bridge. The bypass pipe
does not meet current fish passage guidelines and, during low flow conditions, drops water more
than 3 feet into the rocky stream channel at the outlet.

The diversion facilities, diversion pipeline and ditch, fish screen, and bypass are not located on
property owned by The Ranch at Swauk Creek. These facilities are also much less accessible than the
diversion facilities at RM 7.92.

The gradient of the stream channel at this location is very steep and does not provide adequate
depth or flow conditions during the late summer to maintain irrigation diversions. In addition, the
diversion pipe inlet is high relative to the channel, so it is difficult to divert water, even when there is
some depth in the creek adjacent to the diversion. Currently the property owner installs cattle
fencing with a plastic tarp attached to it and temporary pipe extending up the left bank of the creek
to maintain diversions during the late summer low-flow period. The owner deploys these materials to
the creek as early as July to maintain diversions through the irrigation season.

The temporary materials placed in the channel at this diversion create a fish passage barrier. In
addition, there are two drops over boulders in the channel adjacent to the headgate that are at least
12 inches high and may preclude passage by some fish species and juvenile fish.

2.2.4 lIrrigation Delivery System

The existing delivery system conveys water to points of use primarily through a system of open,
unlined earthen ditches and culverts. Up to 2.0 cfs flows through the upstream diversion to an open
ditch that extends more than 850 feet west, where it then crosses under U.S. Highway 97 through an
existing 36-inch corrugated metal pipe (CMP) culvert. Approximately 360 feet west of

U.S. Highway 97, the ditch branches. The main flow continues west to irrigate pasture on ranch
property north and west of Swauk Creek. Excess water flows in the other branch of the ditch south
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along Burke Road, where it crosses through a series of culverts under an access driveway and Ranch
Road, before discharging to Swauk Creek.

Up to 1.5 cfs flows through the downstream diversion to a 16-inch steel pipeline. A combination of
pipelines and open ditches conveys diverted water to the fish screen, which is approximately 500 feet
downstream of the point of diversion. Water for irrigation passes through the fish screen and is
conveyed via a combination of buried pipelines, culverts, and open ditches to a structure on the east
side of Burke Road. The structure controls flow through a culvert under Burke Road and allows for
overflow through a branching ditch and culvert to Swauk Creek. Water conveyed for irrigation
continues under Burke Road through a 24-inch corrugated high-density polyethylene (CPE) culvert to
an open ditch that conveys water to a pond located on ranch property south of Burke Road. Water
from the pond is used to irrigate pasture south and east of Swauk Creek.
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3 Proposed Improvements

The proposed improvement project is shown on the design drawings included as Appendix B. These
drawings represent design of a preferred alternative that was selected after evaluation of other
potential design alternatives considered and summarized in Section 5 of this report. The project will
consolidate the two gravity irrigation diversions on Swauk Creek at RM 7.92 and RM 7.71 to a single
point of diversion, at the location of the existing upstream point of diversion (RM 7.92). The diversion
facilities at RM 7.92 will be upgraded to handle the combined flow and address existing deficiencies.
Improvements will also be made to the roughened channel at that location. The fish screen and
bypass pipeline will also be replaced. The diversion facilities at RM 7.71 will be removed and the left
bank of the stream channel will be restored. Segments of open irrigation ditches will be piped to
conserve water. Cottonwood copses will be planted to enhance the riparian area along the creek
west of Burke Road. These improvements are summarized as follows.

3.1 Diversion at RM 7.92

The diversion facilities at RM 7.92 will be upgraded to include a new rotating drum fish screen and
fish bypass pipeline. Immediately downstream of the diversion, a roughened channel will be
constructed to improve fish passage. The roughened channel design will include a low-flow channel
approximately 80 feet long with a constructed slope of 2.5%. A gravel-cobble-boulder mix will be
installed approximately 42 inches deep along the roughened channel section. Disturbed bank slopes
and other areas will be revegetated by hydroseeding.

3.2 Diversion at RM 7.71

The diversion facilities at RM 7.71 will be abandoned by removing the structures in the stream,
removing the first 20 feet of diversion piping, and plugging the remaining pipe with non-shrink
grout. Disturbed bank slopes and other areas will be graded to a 2:1 slope and revegetated by
hydroseeding.

3.3 lIrrigation Delivery System

Portions of the existing open, unlined ditch conveyance system will be replaced with buried delivery
pipelines to conserve water. The pipelines will deliver water from the upgraded diversion at RM 7.92
to locations south of Burke Road. The first section of conveyance pipeline will follow the general
alignment of the existing ditch on the north side of Swauk Creek for approximately 850 feet from the
intake to U.S. Highway 97 where it will discharge water under the highway through the existing
culvert. Water conveyed under U.S. Highway 97 in the culvert will flow into a pipeline on the other
side of the highway which will terminate approximately 360 feet downstream in a manhole, where
the flow will be split. Up to 2.0 cfs will be conveyed to the west through a short segment of pipe to
an open ditch that delivers water for irrigation of pasture on ranch property north and west of Swauk
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Creek. Up to 1.5 cfs will be conveyed to the south through a pipeline that will cross Swauk Creek and
deliver water to an open ditch that conveys water to a pond on ranch property south and east of
Swauk Creek.

3.4 Riparian Planting

Up to approximately 3.5 acres of cottonwood copses will be planted in gaps in the riparian growth
along Swauk Creek west of Burke Road. The cottonwood copses will provide shade and a future
source of large woody debris for Swauk Creek and its floodplain. This work will be done by a
volunteer crew or under a separate contract than the construction contract used to complete the
diversion and irrigation system improvements.
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4 Design Criteria

4.1 Design Flow Rates

Based on the analysis of available hydrologic data and WDFW fish passage design requirements, the
following key flow rates and velocity criteria were identified for use in designing intake, piping, fish
passage, and channel restoration improvements.

e Design flow rate for combined irrigation diversion = 3.5 cfs

¢ Design flow rate to pasture on north/west side of Swauk Creek = 2.0 cfs

e Design flow rate to pasture on south/east side of Swauk Creek = 1.5 cfs

* |ow design flow for upstream adult fish passage = 4.6 cfs (80% overall exceedance flow)

e High design flow for upstream adult fish passage = 264 cfs (10% exceedance flow during the
month of April for steelhead migratory season)

o 2-year flow = 356 cfs (channel-forming flow to inform design of channel restoration)

e 100-year flow = 1,180 cfs (peak flow to ensure channel stability, prevent upstream flooding)

e Maximum average channel velocity during high design flow (264 cfs) = 4.0 feet per second
(fps)

4.2 Intake and Fish Screening Facilities

Fish screening facilities are required to meet the most current requirements for screening of
diversions from WDFW and NMFS Anadromous Salmonid Passage Facility Design Guidelines
(NMFS 2011), developed by the NMFS Northwest Region. The criteria applicable to the sizing and
design of new screening facilities for the project include the following:

¢ Maximum approach velocity: 0.4 fps (assumes an active screen)
¢ Effective screen area: maximum screen flow/allowable approach velocity
e Submergence: 65% to 85% of drum diameter (for rotating drum screens)
¢ Sweeping velocity: 0.8 to 3.0 fps
e Screen material: corrosion-resistant and sufficiently durable to maintain a smooth, uniform
surface with long-term use
e Maximum opening size
-~ 0.087 inch for woven wire mesh (6 to 14 mesh)
— 1.75 millimeters for slotted screens
- 3/32-inch-diameter for circular screen openings (includes perforated plate)
- 3/32inch on diagonal for square screen openings

Minimum open area: 27%

The project will use an existing screen that WDFW has already fabricated and is storing at its screen
shop in Yakima, Washington. The screen will meet all of these criteria.
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4.3 Delivery Pipelines

Pipelines will replace two sections of open, unlined conveyance ditches and will be designed to
convey water from the intake to earthen conveyance ditches closer to the points of use. The
pipelines will generally be designed to flow partially full by gravity. However, the profile of the
segment of pipeline that crosses Swauk Creek will need to rise and fall in elevation and will be
designed to flow full. The following requirements and criteria apply to the design of these pipelines:

o Sizing of Gravity Flow Pipelines: Gravity pipelines will be designed to convey the full flow rate
while flowing less than 75% full. Pipe will be sized to maximize velocities while ensuring that
pipelines have adequate capacity and do not flow full.

» Sizing of Closed Pipelines: As a general guideline, closed pipelines will be sized to limit
velocities to a maximum of 5 fps and to limit pressure loss.

* Pipe Roughness: For completing hydraulic analysis of the proposed delivery system, a
Manning's formula roughness coefficient (n) of 0.012 was used to estimate hydraulic loss in each
delivery pipeline, consistent with recommendations of HDPE pipe manufacturers.

» Trenching and Backfill: Where possible, delivery pipelines will be designed with a minimum
burial cover of at least 30 inches. Imported bedding and select backfill will be used to provide a
solid foundation and protection for the pipeline.
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5 Design Analyses

This section summarizes the analyses completed to support the selection of a preferred design
alternative and design of the project.

5.1 Alternatives Considered

RCO Manual 18 provides guidance for funding of salmon recovery projects. Appendix D-2 of
Manual 18 provides guidance for deliverables needed to demonstrate that salmon recovery funding
goals are achieved by proposed design and construction projects. One of the key elements required
for SRFB-funded projects is consideration and evaluation of alternatives to demonstrate that the
design alternative selected provides the best overall solution for achieving stated salmon recovery
project goals. The goals for this project, as stated in Section 1 of this report, include the following:

1. Eliminate irrigation-related mortality of steelhead, coho, and Chinook salmon at Swauk Creek
RM 7.71 and significantly reduce the irrigation-related mortality of steelhead, coho, and
Chinook salmon at Swauk Creek RM 7.92.

2. Restore year-round fish passage for all life stages of salmonids at Swauk Creek RM 7.71 and
RM 792,

3. Improve summer rearing conditions for juvenile steelhead, coho, and Chinook salmon in
Swauk Creek by increasing irrigation efficiency, resulting in up to 0.25 cfs of conserved water
(approximately 8% of the water right) available for instream flow benefits.

4. Increase canopy cover, provide shade, and produce a source of future large woody debris for
Swauk Creek and its floodplain by planting up to approximately 3.5 acres with cottonwood
copses.

An initial review of the preliminary design report for the project by the SRFB Review Panel identified
the need to document the design alternatives considered and provide an evaluation of alternatives
sufficient to demonstrate that the selected design alternative is the best overall option for meeting
the salmon recovery goals of the project. This section of the report outlines the alternatives that were
considered, describes the benefits and challenges of each alternative considered, documents why the
preferred alternative was selected as the best option for meeting the goals of the project, and
provides detailed analysis to support the design of the preferred alternative.

The following alternatives were considered by KCCD for improving fish passage and habitat
conditions along Swauk Creek through the project reach:

» Alternative 1 is the preferred alternative described in detail in this report. It would consolidate
the two gravity irrigation diversions on Swauk Creek at RM 7.92 and RM 7.71 to a single point of
diversion, at the location of the existing upstream point of diversion (RM 7.92). The diversion
facilities at RM 7.92 would be upgraded to handle the combined flow and address existing
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deficiencies. Improvements would also be made to the roughened channel at that location. The
fish screen and bypass pipeline would also be replaced. The diversion facilities at RM 7.71 would
be removed and the left bank of the stream channel would be restored. Segments of open
irrigation ditches would be piped to conserve water. Cottonwood copses would be planted to
enhance the riparian area along the creek west of Burke Road.

e Alternative 2 would maintain and upgrade diversion facilities at both RM 7.92 and RM 7.71. The
design of new diversion facilities would be completed with the intent of reducing the scale and
impact of the facilities on the stream channel, while ensuring that the facilities have the capacity
to divert the full water right at each point of diversion to The Ranch at Swauk Creek.
Improvements would include roughening the channel or installing rock weirs to ensure sufficient
water surface elevations exist in the stream channel to maintain diversions of up to 2 cfs at RM
7.92 and up to 1.5 cfs at RM 7.71 throughout the irrigation season. Screening and bypass
facilities would be upgraded to address deficiencies. Segments of open irrigation ditches would
be piped to conserve water. Cottonwood copses would be planted to enhance the riparian area
along the creek west of Burke Road.

s Alternative 3 would consolidate the two gravity irrigation diversions on Swauk Creek at RM 7.92
and RM 7.71 to a single point of diversion at the location of the existing downstream point of
diversion (RM 7.71). The diversion facilities at RM 7.71 would be upgraded to handle the
combined flow and address existing deficiencies. Improvements would also be made to the
stream channel at this location to ensure that the water surface elevations would be sufficient to
maintain diversions. The fish screen and bypass would be replaced. The diversion at RM 7.92
would be removed and the right bank of the stream channel would be restored. Segments of
open irrigation ditches would be piped to conserve water. Cottonwood copses would be planted
to enhance the riparian area along the creek west of Burke Road.

¢ Alternative 4 would be similar to Alternative 1, with the following variations:

- Rather than installing a piped fish bypass to return fish from the screen to Swauk Creek, an
open channel would be constructed to allow fish bypass/return at the point of diversion.

~ Rather than replacing open segments of ditch with buried pipelines, portions of the canal
system would be selectively lined or partially piped to avoid removing native trees and
shrubs and small patches of cattails near or within the existing irrigation ditch on the right
bank of Swauk Creek.

Each of these alternatives would be designed and constructed to minimize or avoid dewatering of
the stream channel and remove barriers to fish passage in Swauk Creek. For each alternative, the fish
screen replacements and diversion facilities would be designed to minimize the size and impact of
these facilities.

Design Report 15 November 2020



5.2 Alternatives Evaluation and Comparison

The alternatives were evaluated and compared to select a preferred alternative for design. Table 5-1

summarizes the key characteristics, challenges, and constraints associated with each alternative.

Alternative 1 was selected as the preferred alternative based on evaluation and comparison of these

key characteristics, challenges, and constraints. The following provides key conclusions from the

evaluation that demonstrate why Alternative 1 was selected as the preferred design alternative:

The invert elevation of the inlet to the diversion pipeline (2,178.8 feet) at the lower diversion

(RM 7.71) is substantially higher than the invert of the stream channel adjacent to the diversion.
Consequently, under low flow conditions, the ranch operator installs temporary pipe to extend
the inlet up the channel to a location where the water surface elevation can be elevated to
consistently divert water into the pipeline.

The lower diversion (RM 7.71) is lower than the invert of the canal that delivers water from the
upper diversion to the pasture north and west of Swauk Creek. The invert of the diversion
pipeline is 2,178.8 feet and the invert of the culvert on the irrigation canal at Burke Road on the
north side of Swauk Creek is just under 2,183.9 feet. Consequently, Alternative 3, which proposes
to consolidate diversions at the location of the lower diversion, would not be feasible without
pumping.

The channel is steep both upstream and downstream of the lower diversion. Establishing stream
conditions at the lower point of diversion that would be suitable for diverting water would
require more extensive in-channel work than would be needed at the upper diversion location.
The potential for fish to be entrapped in the existing lower diversion facilities is very high. The
screening location is far (approximately 500 feet) downstream of the point of diversion at the left
bank of Swauk Creek, and fish are easily entrapped in the diversion pipe and ditch segments
between the creek and the fish screen.

Fish that are entrained in the ditch will often remain in the ditch when irrigation water is shut off
and can be left stranded in the segments of pipe and ditch between the creek and the fish
screen, resulting in fish mortality.

The upper diversion (RM 7.92) includes facilities that are much more consolidated, easier to
access, and offer less opportunity for fish entrapment, injury, and mortality.

The fish screen at the lower diversion does not function well and does not meet current WDFW
and NMEFS fish screening criteria. The screen is not as accessible as the upstream screen, and so it
cannot be as easily adjusted to address problems that occur. The fish screen experiences
inadequate sweeping velocity and overtops under high flow conditions.

Design Report 16 November 2020



Table 5-1

Comparison of Alternatives

Key Design Characteristic |

Alternative 1

Alternative 2

Alternative 3

Proposed Improvements:

Diversion at RM 7.92

Diversion at RM 7.71

. In Channel

Diversions to be consolidated

at RM 7.92.

Diversion to be upgraded to
deliver 3.5 cfs without placing
plastic and other materials in
the creek.

Diversion to be removed.

Install boulders and cobbles
to create roughened channel
rock ramp downstream of
diversion at RM 7.92.

No revisions to channel near
diversion at RM 7.71.

Diversion to be upgraded so
that full water right (2 cfs)
can be diverted without
placing plastic and other
materials in the creek.

Diversion to be upgraded so

that full water right (1.5 cfs)
can be diverted without
placing plastic and other
materials in the creek.

Install boulders and cobbles

to create roughened channel
rock ramp downstream of
diversion at RM 7.92.

Install boulders and cobbles
to create roughened channel
from upstream of diversion
at RM 7.71 downstream to
US Highway 97 bridge.

Alternative 4

Diversion to be removed.

Diversions to be consolidated
at RM 7.92.

Diversion to be upgraded to
deliver 3.5 cfs without placing
plastic and other materials in
the creek.

Diversions to be consolidated
atRM 7.71.

Diversion to be upgraded to
deliver 3.5 cfs without placing
plastic and other materials in
the creek.

Diversion to be removed.

No revisions to channel near
diversion at RM 7.92.

Install boulders and cobbles
to create roughened channel
from upstream of diversion
at RM 7.71 downstream to
US Highway 97 bridge.

Fish Screening

New rotating drum fish
screen to be installed near
RM 7.92.

Fish screen on lower
diversion system to be

abandoned.
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New rotating drum fish
screen to be installed near
RM 7.92.

New fish screen to be
installed closer to point of

diversion at RM 7.71.
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Install boulders and cobbles
to create roughened channel
rock ramp downstream of
diversion at RM 7.92.

Fish screen on upper
diversion system to be
removed or abandoned.
New fish screen to be
installed closer to point of

| diversion at RM 7.71.

New rotating drum fish
screen to be installed near
RM 7.92.

Fish screen on lower
diversion system to be

abandoned.
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Key Design Characteristic |

Bypass

Irrigation Conveyance

Challenges and Constraints:
Diversion at RM 7.92

_Alt_ernative 1

Alternative 2

New bypass pipe to be
installed from new fish screen
near RM 7.92 to pool
upstream of boulder on right
bank of creek.

Existing bypass pipe from
screen on lower diversion to
be removed or abandoned.

New bypass pipe to be
installed from new fish screen
near RM 7.92 to pool
upstream of boulder on right
bank of creek.

Existing bypass pipe from
screen on lower diversion to
be abandoned.

New bypass pipe to be
instalied from new fish screen
location near RM 7.71.

Open ditches to be replaced

with buried pipelines.

In-channel improvements
would be needed to maintain
diversion of 3.5 cfs.
Improvements need to
consider potential for

| flooding upstream.
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Open ditches to be replaced
with buried pipelines.

Open ditches to be replaced

Alternative 3

Alternative 4

Existing bypass pipe from
screen on upper diversion to
be removed or abandoned.
Existing bypass pipe from
screen on lower diversion to
be removed or abandoned.
New bypass pipe to be
installed from new fish screen
location near RM 7.71.

New bypass channel (open
channel) to be installed from
new fish screen near RM 7.92
to pool upstream of boulder
on right bank of creek.
Existing bypass pipe from
screen on lower diversion to
be removed or abandoned.

with buried pipelines.

In-channel improvements
would be needed to maintain
diversion of 2.0 cfs.
Improvements need to
consider potential for
flooding upstream.
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The existing diversion
structure and headgate
would need to be removed.

Open ditches to be partially
lined or partially piped to
preserve key riparian plants

| along ditch bank.

In-channel improvements

would be needed to maintain
diversion of 3.5 cfs.
Improvements need to
consider potential for
flooding upstream.
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'Key Design Characteristic |

Diversion at RM 7.71

Alternative 1
The diversion is less
accessible,
Approximately 500 feet of
diversion pipeline and ditch
between the point of
diversion and the fish screen
is not screened. Fish
entrainment in the diversion
facilities is a problem.
| Existing diversion facilities
would need to be removed
or abandoned.

_ Alternative 2

The diversion is less

accessible.

Approximately 500 feet of
diversion pipeline and ditch
between the point of
diversion and the fish screen
is not screened. Fish
entrainment in the diversion
facilities is a problem.

The diversion pipe inlet is
high relative to the invert of
the existing creek at RM 7.71.
In-channel improvements
would be needed to maintain
diversion of 1.5 cfs.
Improvements need to
consider impact to

US Highway 97 bridge.

_A_Itgrnative 3

The diversion is less

accessible,

Approximately 500 feet of
diversion pipeline and ditch
between the point of
diversion and the fish screen
is not screened. Fish
entrainment in the diversion
facilities is a problem.

The diversion pipe inlet is
high relative to the invert of
the existing creek at RM 7.71.
Diversion elevations are not
high enough to deliver water
by gravity to pasture on the
north side of Swauk Creek.
Replacement of the diversion
structure and pipeline would
be needed to increase
capacity to 3.5 cfs.

In-channel improvements
would be needed to maintain
diversion of 3.5 cfs.
Improvements need to
consider impact to

| US Highway 97 bridge.

The diversion is less

Alternative 4

accessible.

Approximately 500 feet of
diversion pipeline and ditch
between the point of
diversion and the fish screen
is not screened. Fish
entrainment in the diversion
facilities is a problem.
Existing diversion facilities
would need to be removed
or abandoned.
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| Key Design Characteristic

| In Channel

Fish Screening

or abandoned.

Alternative 1

Alternative 2

Alternative 3

Plastic draped over a metal

rod is installed in the channel
to maintain diversions at

RM 7.92 in the late summer.
It is a barrier to fish passage.
In-channel improvements
would be needed.

Cattle rail with plastic draped
over it and temporary pipe
are installed to maintain
diversions at RM 7.71. Itis a
barrier to fish passage. The
diversion would be removed

The existing fish screen at

RM 7.92 is only sized for a
diversion of 2.0 cfs. A new
screen would be needed.
Hydraulic conditions at the
fish screen do not maintain
sweeping velocities and the
screen requires a lot of
cleaning and maintenance.
The existing fish screen for
the diversion at RM 7.71
would be removed or
abandoned.

Plastic draped over a metal
rod is installed in the channel
to maintain diversions at

RM 7.92 in the late summer.
It is a barrier to fish passage.
In-channel improvements
would be needed.

Cattle rail with plastic draped
over it and temporary pipe
are installed to maintain
diversions at RM 7.71. It is a
barrier to fish passage.
In-channel improvements

would be needed.

Hydraulic conditions at the

fish screen at RM 7.92 do not
maintain sweeping velocities
and the screen requires a lot

of cleaning and maintenance.

A new screen would be
needed.

The existing fish screen for
the diversion at RM 7.71 is
less accessible, too far
(~500 feet) from the point of
diversion; hydraulic
conditions do not maintain
appropriate sweeping
velocities, and the screen is
overtopped multiple times
each season. A new screen
would be needed closer to
the point of diversion.

Design Report

20

Plastic draped over a metal
rod is installed in the channel
to maintain diversions at

RM 7.92 in the late summer.
It is a barrier to fish passage.
The diversion would be
removed or abandoned.
Cattle rail with plastic draped
over it and tempaorary pipe
are installed to maintain
diversions at RM 7.71. ltis a
barrier to fish passage. The
diversion would be removed
or abandoned.

The existing fish screen for
the diversion at RM 7.92
would be removed or
abandoned.

The existing fish screen for
the diversion at RM 7.71 is
only sized for a diversion of
1.5 cfs, is less accessible, and
is too far (~500 feet) from
the point of diversion.
Hydraulic conditions do not
maintain appropriate
sweeping velocities, and the
screen is overtopped multiple
times each season. A new
screen would be needed
closer to the point of
diversion.

Alternative 4 ‘

Plastic draped over a metal

rod is installed in the channel
to maintain diversions at

RM 7.92 in the late summer.

It is a barrier to fish passage.
In-channe! improvements
would be needed.

Cattle rail with plastic draped
over it and temporary pipe
are installed to maintain
diversions at RM 7.71. It is a
barrier to fish passage. The
diversion would be removed
or abandoned. |

The existing fish screen at |
RM 7.92 is only sized for a |
diversion of 2.0 cfs. A new
screen would be needed.
Hydraulic conditions at the

fish screen do not maintain
sweeping velocities and the
screen requires a lot of
cleaning and maintenance.
The existing fish screen for

the diversion at RM 7.71

would be removed or
abandoned.
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| Key Design Characteristic

Alternative 1

Alternative 2

Alternative 3

Bypass

Irrigation Conveyance

Design Report

The existing fish bypass pipe
outlet from the diversion at
RM 7.92 frequently becomes
buried in the creek bank. It
would need to be relocated.
The existing fish bypass pipe
outlet from the diversion at
RM 7.71 is perched 3 feet
above a rocky bank with no
plunge pool below. It would
be removed or abandoned.

- The existing ditch on the

right bank, supplied by the
diversion at RM 7.92, is
constructed in permeable
alluvial material.

The existing pipeline and
ditch on the left bank,
supplied by diversion at
RM 7.71, is also constructed
in alluvial material, is less
accessible, and is not on

The existing ditch o-n the_

The existing fish bypass pipe
outlet from the diversion at
RM 7.92 frequently hecomes
buried in the creek bank. It
would need to be relocated.
The existing fish bypass pipe
outlet from the diversion at
RM 7.71 is perched 3 feet
above a racky bank with no
plunge pool below. It would
need to be relocated with the
screen.

The existing fish bypass pipe

outlet from the diversion at
RM 7.92 frequently becomes
buried in the creek bank. It
would be removed or
abandoned.

The existing fish bypass pipe
outlet from the diversion at
RM 7.71 is perched 3 feet
above a rocky bank with no
plunge pool below. It would
need to be relocated with the
screen,

Alternative 4

The existing fish bypass pipe
outlet from the diversion at
RM 7.92 frequently becomes
buried in the creek bank. It
would need to be relocated.
The existing fish bypass pipe
outlet from the diversion at
RM 7.71 is perched 3 feet
above a rocky bank with no
plunge pool below. It would
need to be relocated with the
screen.

right bank, supplied by the
diversion at RM 7.92, is
constructed in permeable
alluvial material.

The existing pipeline and
ditch on the left bank,
supplied by diversion at
RM 7.71, is also constructed
in alluvial material, is less

| accessible, and is not on
| property owned by the ranch. | property owned by the ranch. | property owned by the ranch.
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The existing ditch on the
right bank, supplied by the
diversion at RM 7.92, is
constructed in permeable
alluvial material.

The existing pipeline and
ditch on the left bank,
supplied by diversion at
RM 7.71, is also constructed
in alluvial material, is less
accessible, and is not on

The existing ditch on the
right bank, supplied by the
diversion at RM 7.92, is
constructed in permeable
alluvial material.

The existing pipeline and
ditch on left bank, supplied
by diversion at RM 7.71, is
also constructed in alluvial
material, is less accessible,
and is not on property
owned by the ranch.
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¢ The fish bypass at the lower diversion does not function well and does not meet current WDFW
NMFS guidelines. The bypass has been blocked at times to keep the screen functioning and
delivering the flow rate needed by the ranch. The outlet of the fish bypass is perched 3 feet
above the rocky bank of Swauk Creek with no plunge pool to safely return fish to the creek,
causing injury and mortality to fish.

¢ The lower diversion, pipeline, ditch, fish screen, and bypass are not located on The Ranch at
Swauk Creek property and access to the facilities is much more challenging.

¢ The lower point of diversion is just upstream of the U.S. Highway 97 bridge. The work required in
the Swauk Creek channel to make the diversion reliable and operable without deploying barriers
to the stream channel each summer could adversely affect the bridge structure downstream and
would require additional analysis and potentially additional work at the bridge.

¢ Consolidating the irrigation points of diversion at the upper diversion location (RM 7.92) would
eliminate a significant source of fish entrainment, injury, and mortality.

¢ Constructing an open channel bypass at the upstream diversion {(RM 7.92) would be challenging
due to the topography along the right bank of the creek. The channel would have to be relatively
deep with a very gentle slope. Under high flows, water could back up into the diversion channel,
and under peak flow conditions, the water surface would overtop the right bank and there wouid
be risk of washing out the narrow bank that would remain between the fish bypass channel and
the creek. A buried, piped bypass would reduce the risk of damage at high flows.

o Selectively lining and/or partially piping the canal, rather than fully replacing the open irrigation
canal on the right bank of the creek with piping, may be feasible for the sake of preserving
riparian vegetation that has developed adjacent to the canal. However, the following are benefits
for replacing the canal with pipe:

- The material between Swauk Creek and the irrigation canal is generally coarse, highly
permeable alluvial sands, gravels, and cobbles. Consequently, groundwater levels generally
correspond closely with creek levels and groundwater is relatively shallow, especially when
the creek levels are high.

- ltis unlikely that groundwater levels adjacent to the canal are wholly influenced by the
canal alone, but are also hydraulically connected to the adjacent creek.

- In the late part of the irrigation season, when creek levels are low, it has become extremely
difficult to divert water to the irrigation canal and keep enough flow in the canal for
irrigation.

- Inthe early part of the irrigation season, when the creek is high, the canal can also gain
water via high groundwater that seeps into the canal from the creek.

e Based on these considerations, KCCD recommended piping the canal to potentially conserve up
to 0.25 cfs by reducing seepage. KCCD determined that the water conservation savings would be
worth the potential risk to riparian vegetation. The conserved water would reduce the amount
diverted, providing a flow benefit to the creek. Final calculations of conserved water that would
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result from converting the open ditch to a pipeline for delivery will be completed after additional
assessment (continued flow measurement and potential the use of the U.S. Department of
Agriculture Natural Resources Conservation Service ditch loss calculator).

Overall, resolving the issues at the lower point of diversion would require a complete reconfiguration
of the diversion system, which would require much more effort and cost. As a result, Alternatives 2
and 3, which would require continued use of the lower diversion at RM 7.71, were not selected as the
preferred alternative.

Providing an open bypass canal, which was identified as part of Alternative 4, would expose the right
bank to potential damage and washout at the diversion under high flow conditions and was not
considered a preferred option. Likewise, lining or partial piping of the irrigation ditch was considered
feasible but would not provide the same level of conservation savings as replacing the irrigation
ditch with piping and was not recommended as a preferred option.

Based on this analysis and comparison of potential alternatives, Alternative 1 was identified as the
preferred alternative and best option for meeting the salmon recovery goals for the project and
improving the operation of the irrigation system that serves The Ranch at Swauk Creek.

5.3 Hydrologic Analysis

The hydrology of Swauk Creek was evaluated to determine likely flow conditions at the project site.
To the extent possible, the project will be designed to maintain diversions throughout the irrigation
season and provide fish passage during critical migratory periods for key fish species. This section
provides a summary of that analysis.

5.3.1 Existing Flow Data

The Swauk Creek watershed drains approximately 83 square miles upstream of the project site and is
predominately a snowmelt-dominated system. The U.S. Geological Survey (USGS) StreamStats

(USGS 2020) program estimates that the mean annual precipitation in the watershed is
approximately 27 inches per year, but precipitation varies widely throughout the watershed,
depending on location and elevation. Flows in the creek are continuously monitored at the following
location:

e Ecology Gage No. 39M130, Swauk Creek Below First Creek: This gage is located
approximately 0.5 mile northeast of the intersection of U.S. Highways 97 and 970 at latitude
47°12'30", longitude 120°42'2", approximately 0.4 mile upstream from the proposed project site.
Flows have been monitored at this location since May 2014.
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5.3.2 Annual Variation in Flow Rates

Peak flows in Swauk Creek typically correspond with winter and spring storm events and snowmeit.
Because peak flows occur outside the irrigation season, it is unlikely that diversions have a significant
impact on peak streamflow rates measured at the gage on Swauk Creek.

The peak 15-minute flow rates measured on Swauk Creek at Ecology Gage No. 39M130 were 498 cfs
(recorded December 10, 2015; February 15, 17, and 18, 2016). Because the period of flow
measurement covers only 6 years, a precise estimate of the 100-year flood flow rate cannot be made
from the data available. The StreamStats program estimates the 100-year flow at 1,180 cfs. Because a
precise estimate of the 100-year flood flow rate could not be made from the gage data available, the
StreamStats estimated 100-year flow was used as a peak flow rate for design of the proposed
improvements.

Flow statistics for daily mean flows recorded at Ecology Gage No. 39M130 are plotted in Figure 5-1.
The 10%, 50%, and 90% daily mean exceedance values are plotted to show the variability of flows
throughout the year. The 10% exceedance values represent wet conditions, the 90% exceedance
values represent dry conditions, and the 50% exceedance values represent the median. These are
plotted against the 10%, 50%, and 90% overall exceedance values for the full record of daily mean
flows recorded at this gage.

Streamflow statistics are summarized in Table 5-2. As shown in Figure 5-1 and in Table 5-2, for
wetter than normal years, flows at the Ecology gage are typically greater than 3.0 cfs throughout the
irrigation season. However, daily mean flows measured at the Ecology gage typically drop below

3.0 cfs during the late summer in normal to drier than normal years.

WDFW fish passage design guidance (WDFW 2013} indicates that the high design flow should be the
10% exceedance flow for the month(s) of migration for the species of interest, in this case summer
steelhead. From data on adult fish tracking in Swauk Creek, April sees the majority of adult steelhead
passing through the system. The 10% exceedance flow for April is 264 cfs. For the low-flow design,
WDFW (2013) recommends using either the 2-year, 7-day low flow, or a zero flow. However, the 80%
exceedance flow was chosen because it is a very low flow when accounting for irrigation withdrawals
of up to 3.5 cfs. As an illustration, the 90% exceedance flow of 3.2 cfs is less than the water right.

Low flows naturally occur during the late summer and early fall, when irrigation demand is the
highest. Table 5-3 summarizes average late-summer 2-week average flow rates in Swauk Creek,
based on the flows measured at Ecology Gage No. 39M130. The data indicate that flows in late
August and early September may be less than the total 3.5 cfs surface water right at The Ranch at
Swauk Creek, which suggests that during the late summer, the ranch may not be able to fulfill its
water right. A detailed trust water right analysis, as summarized following Table 5-3, was completed
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by KCCD as part of this study to demonstrate that the probability of dewatering the creek at the
proposed diversion is very low.

Figure 5-1
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Ecology Gage No.: 39M130
Period of Record: May 2014 to June 2020

Daily Mean Flow Exceedance Probability — Swauk Creek at First Creek

50% Daily Mean Exceedance

= = =50% Overall Exceedance

) O

90% Daily Mean Exceedance

= = =90% Overall Exceedance

Table 5-2
Swauk Creek Streamflow Statistics
Streamflow (cfs)
2014 2020

Parameter | (Partial) 2015 2016 2017 2018 2019 (Partial) All Years

Maximum 227 236 498 31 411 255 99.8 498

Minimum 3.0 16 16 2.3 1.7 14 2.6 14

Average 349 339 80.5 62.6 53.8 28.9 333 48.8
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I Streamflow (cfs)
2014 | 3 2020
Bararato: ('_,a rtial) 2015 2016 2017 2018 ¥ 2019 (Partial) All Years
O,
10% 125 120 210 213 191 101 162 154
Exceedance - |
) |
0% 39 5.2 3.2 3.0 3.0 36 3.1 3.2
Exceedance | |

Note: Streamflow data from Ecology Gage No. 39M130

Table 5-3
Summary of lrrigation Season 2-Week Flow Rates

e Date Range ' Average Flow (cfs)

| April 1 to April 15 - 145.9 .
' April 15 to April 30 1417 .

May 1 to May 15 . 133.8 |
| May 15 to May 31 -_76.8

June 1 to June 15 _ 31.0

June 15 to June 30 - 18.1

July 1 to July 15 o 10.0

July 15 to July 31 64 -

August 1 to August 15 42
_Fgust 15 to August 31 | 33

September 1 to September 15 3.1

September 15 to Sep_tember 30 38

Note: Streamflow data from Ecology Gage No. 39M130

5.3.3  Trust Water Right Analysis

A trust water right analysis was completed by KCCD to more closely evaluate water availability for
both irrigation and maintaining instream flows below the proposed consolidated diversion for The
Ranch at Swauk Creek at RM 7.92. That analysis is included in Appendix C.

In addition to the irrigation diversions on Swauk Creek,, another irrigation diversion was located at
RM 3.9 on First Creek, which is a left-bank tributary that joins Swauk Creek at RM 8.4, upstream of
The Ranch at Swauk Creek. The water right on First Creek has the senior water right in the watershed,
with a priority date of 1877. The water rights for The Ranch at Swauk Creek are next in priority, with a
priority date of 1878. Portions of these water rights have since been put into trust to maintain
instream flows. Trust water quantities associated with these diversions restrict the quantity of water
that can be diverted for irrigation depending on the flow conditions in First Creek and Swauk Creek.
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Trust water right quantities associated with the water rights on First Creek and on Swauk Creek at
The Ranch on Swauk Creek vary based on the month of the irrigation season. The quantity of trust
water on First Creek is established at the point of diversion at RM 3.9 on First Creek and is expected
to remain as instream flow in First Creek and downstream in Swauk Creek, beyond the diversions at
either RM 7.92 or RM 7.71. The quantity of trust water in First Creek may be adjusted if the flow from
First Creek to Swauk Creek, as measured at the mount of First Creek, is below the trust water
quantity. The quantity of water diverted to The Ranch at Swauk Creek is also subject to a trust water
right on Swauk Creek.

Due to natural fluctuations in flows in First and Swauk Creeks, trust water quantities and the quantity
of water available for irrigation diversions are typically impacted most frequently during the mid to
late summer months, when natural flows are lowest. During low flow conditions, when flows in First
Creek and Swauk Creek are less than the combined trust water and irrigation water rights, the
following adjustments are made;

¢ The trust water quantity in First Creek is reduced to the flow rate measured at the mouth.

¢ The flow rate measured at the mouth of First Creek (the trust water quantity) is expected to pass
The Ranch at Swauk Creek diversion at RM 7.92 and continue down Swauk Creek.

¢ The flow in Swauk Creek is reduced by the trust water quantity from First Creek and then
prorated based on the trust water quantity for Swauk Creek, which is a percentage of the total
water right on Swauk Creek. For example, in August, the flow measured at the mouth of First
Creek would be subtracted from the total flow in Swauk Creek as the instream quantity for First
Creek. The remaining flow would be multiplied by 89.74% to accommodate the trust water
quantity associated with the water right on Swauk Creek. The resulting flow would be available
for diversion to The Ranch at Swauk Creek.

KCCD completed an analysis of flow rates recorded at the Ecology flow monitoring gage on Swauk
Creek to determine what quantities of water would have been available for irrigation diversion to The
Ranch at Swauk Creek and what flow rates would have been passed downstream as instream flows
through the period of historical flow record. The results indicate that the reach of Swauk Creek
downstream of the diversion would not have been dewatered during this period. Flows downstream
of the diversions to The Ranch at Swauk Creek would have dropped to approximately 0.92 cfs in the
summer of 2018. Flows availabie for diversion to the ranch would have dropped to 2.1 cfs late in the
summer of 2018.
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5.4 Hydraulic Analysis

5.4.1 Intake Hydraulics

Existing and proposed stream channel conditions were modeled using the U.S. Army Corps of
Engineers (USACE) Hydrologic Modeling System software one-dimensional hydraulic model (HEC-
RAS; USACE 2017) to determine velocities, flow depths, and shear stresses on the channel and to
compare existing and proposed channel conditions. The following topographic data were used for
modeling existing conditions:

e Surveyed Topography (2020): As part of this project, KCCD subcontracted with
HLA Engineering and Land Surveying, Inc., to collect topographic data of the creek, diversion
ditch, intake facilities, and adjacent upland areas.

o LiDAR Data: For areas beyond the extents of these two datasets, contours generated from LIDAR
data from the Washington Department of Natural Resources LiDAR Portal were incorporated into
the surface to complete the topography.

The proposed design contours and channel sections were used to modify existing channel sections,
and to model proposed conditions. The existing conditions and alternatives were modeled using the
following design flow conditions:

e  Qiow = 4.6 cfs (80% overall exceedance flow)

Qnigh = 264 cfs (10% exceedance flow during April steelhead migratory season)

Qz-year = 356 ¢fs (channel-forming flow to inform the design of channel restoration elements)
e Qiooyear = 1,180 cfs (peak flow to ensure stability of design elements)

A Manning’s roughness coefficient (n) of 0.045 was used to model all but the low-flow condition.
Given the depth of flow relative to the rock size during the low-flow condition, a much higher n value
of 0.25 was used. The low-flow roughness coefficient was selected based on guidance in the

U.S. Forest Service technical report Photographic Guidance for Selecting Flow Resistance Coefficients in
High-Gradient Channels (Yochum 2014).

The 2-year flow was included as the channel-forming flow, during which velocities and shear stresses
will have a high impact on the geomorphic response of the channel. The 100-year flow estimated by
the StreamStats program was modeled to evaluate channel stability under peak flow conditions.
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Table 5-4 summarizes the average channel velocities at key cross sections for both existing and
proposed conditions at the 100-year, 2-year, 10% April exceedance, and 80% overall exceedance
flows. More detailed HEC-RAS results are included as Appendix D.

Table 5-4
Summary of Hydraulic Analysis Results at Key Sections
Average Average
Channel Velocity, Velocity,
Channel Cross Section | Model | Manning's Existing Proposed
Location Relative to Station | Roughness Conditions Conditions
Intake (feet) (n) Used Flow (fps) (fps)
0.045 100-Year 11.36 11.60
0.045 2-Year 740 735
104 feet upstream 5069.13 -
0.045 April 10% Exceedance 6.36 6.27
0.25 80% Exceedance 0.31 033
0.045 100-Year 9.73 7.39
0.045 2-Year 6.91 537
79 feet upstream 5043.89
0.045 10% Exceedance (April) 6.03 495
0.25 80% Exceedance 0.34 073
0.045 100-Year 9.61 5.94
0.045 2-Year 6.8 3.03
32 feet upstream 4997.51 -
0.045 10% Exceedance (April) 6.17 2.56
0.25 80% Exceedance 2.26 0.11
0.045 100-Year 8.1 9.27
0.045 2-Year 5.21 4.51
Intake 4965.06 -
0.045 10% Exceedance (April) 474 4.14
0.25 80% Exceedance 035 0.45
0.045 100-Year 6.16 7.01
0.045 2-Year 4.51 6.68
21 feet downstream 4943.60
0.045 10% Exceedance (April) 3.93 5.89
0.25 80% Exceedance 0.22 054
0.045 100-Year 6.65 8.83
0.045 2-Year 48 6.56
57 feet downstream 4908.09 =
0.045 10% Exceedance (April) 446 575
0.25 80% Exceedance 034 0.81
0.045 100-Year 6.27 7.11
0.045 2-Year 4.18 484
94 feet downstream 4871.20
0.045 10% Exceedance (April) 3.86 459
0.25 80% Exceedance 041 047
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Average Average
Channel Velocity, Velocity,
Channel Cross Section | Model | Manning's Existing Proposed
Location Relative to Station | Roughness Conditions Conditions
Intake {feet) (n) Used Flow {fps) (fps)
0.045 100-Year 412 495
0.045 2-Year 273 3.24
118 feet downstream 484725
0.045 10% Exceedance {April) 247 3.00
| 0.25 80% Exceedance 0.17 0.24

Notes:

1. The 100-year flow was 1,180 cfs

2. The 2-year flow was 356 cfs

3. The 10% exceedance flow for April was 264 cfs
4. The 80% overall exceedance flow is 4.6 cfs.

Potential changes in average channel velocity were estimated between existing and proposed
conditions during the 10% April and 80% low flows (fish passage design flows) to identify fish
passability of the proposed roughened channel. For the most part, velocities upstream of the
diversion are slightly lower for the proposed condition under the 10% exceedance flows and slightly
higher for the 80% exceedance flows. Velocities downstream of the intake along the roughened
channel are estimated to be higher under the proposed conditions, with average velocities along the
roughened channel for the 10% exceedance flows ranging from 3.0 to 5.9 fps. WDFW guidance
recommends that the average flow velocities in the channel during migration should not exceed 4
fps for culverts and other crossings (WDFW 2013). The estimated velocities under the proposed
conditions exceed this value; however, they are similar to velocities in the creek channel both
upstream and downstream of the roughened channel and are well within the swimming capabilities
of both adult steelhead and coho salmon that can swim at sustained speeds of 4 to 10 fps (Bell
1991). During the low design flow, average velocities are below 1 fps. Because the roughened
channel will have large rock spaced throughout the ramp that would create hydraulic shadows (low-
velocity areas behind the rocks), it is likely that juvenile fish would be able to pass upstream during
low flows.

Potential changes in velocity were also compared for existing and proposed conditions at the 2-year
flow event and the 100-year flow event (Table 5-4). These flows both contribute to channel-forming
and geomorphic processes, but fish would not likely be attempting to migrate upstream during
these peak flows. The velocities during the 100-year event are additionally important for channel
stability, and the proposed design generally shows similar velocities overall, with some cross sections
showing higher velocities and some showing lower velocities. The sections showing a reduction in
the 100-year velocities indicate that channel stability will improve once the project is constructed.
Sections showing increased velocities are mainly along the roughened channel which was designed
to withstand higher velocities.
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The HEC-RAS model indicates that under the modeled 100-year flow conditions, the water surface in
the creek would overtop the intake structure by almost 1 foot. Flow conditions approaching the
1,180-cfs flow modeled as the 100-year flow were not observed in the period of record at Ecology
Gage No. 39M130. The highest flow recorded at the gage was 498 cfs during the winter of 2015 to
2016. The model indicates the water surface in the creek would overtop the intake structure by
approximately 0.3 foot at this flow rate. We are not aware of conditions that were observed during
this event, but the aerial photographs indicate that the stream has shifted course upstream of the
intake location over the last 10 years. Table 5-5 summarizes the water surface elevations calculated in
the model for the 100-year flow conditions near the intake. The greatest increase in water surface
elevation occurs nearest the intake structure. The modeled 100-year water surface elevation does not
appear to impact any houses or other structures and is likely similar to the conditions before the
previous rock ramp shifted.

Table 5-5
Modeled 100-Year Water Surface Elevations at Key Sections
Channel Cross Water Surface Water Surface |
Section Location Model Station Elevation, Existing Elevation, Proposed Difference (ft)
Relative to Intake (feet) e _Conditions {ft) Conditions (ft) i || [Proposed]-[Existing]
104 feet upstream 5069.13 2196.22 2196.19 -0.03 |
. 79 feet upstream 5043.89 2195.81_1 I 2196.56 072
32 feet upstream 499751 | 2194.68 | 219644 156
Intake - | 4965.06 | 2194.67 219546 0.79
21 feet downstream 494360 i 2194.76 219542 0.66
_57 feet dow_nstre;m 4908.09 2194.34 2194.39 0.05
94 feet downstream 4871.20 2194.18 219362 056 |
118 feet down_s_tream 4847.25 - 2194.30 2193.77 -0.53

5.4.2 Fish Screen Analysis

As noted in Section 4.2, fish screening facilities will need to be designed to meet the most current
requirements for screening of diversions from the WDFW and NMFS Anadromous Salmonid Passage
Facility Design Guidelines (NMFS 2011). Based on discussions with KCCD and WDFW, it is proposed
that a modular rotating drum screen that has already been fabricated by WDFW and is being stored
at WDFW's Yakima Screen Shop will be used for this project. Information about the proposed fish
screen to be used for this project is included in Appendix E.

It is our understanding that WDFW will furnish and deliver the rotating drum screen and will assist
with installation in generally the same location as the existing screen. The project contractor will be
required to perform the earthwork needed to accommodate the new screen, and to place and
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compact foundation material for the screen. The screen is a 24-inch-diameter, 6-foot-long modular
rotating drum screen and has been designed by WDFW for a maximum flow rate of approximately
3.6 cfs. For the screen to operate properly, the hydraulic conditions need to maintain proper
submergence, which means that the screen needs to stay 65% to 85% submerged relative to the
height of the screen while in operation.

5.4.3 Hydraulic Analysis of Delivery Pipeline

Hydraulic calculations were also completed to support the sizing and design of the delivery pipelines
proposed to replace open gravity ditches. Gravity pipelines were evaluated using a backwater
spreadsheet model that calculates hydraulic losses in a pipeline based on Manning’s equation. The
calculations also estimate velocities and the profile of the water surface in the pipeline. The
calculations assume smooth-walled CPE pipe with a Manning's n value of 0.012 for delivery pipelines
that will operate partially full under gravity flow conditions. For delivery pipelines that run full, the
analysis assumed that butt-fused, solid-wall HDPE pipe would be used, also with an n value of 0.012.
These calculations are included as Appendix F.

The proposed pipeline will mostly operate as gravity flow, running partially full. Pipeline segments
have been designed so that pipelines will flow generally less than 75% full under design flow
conditions. These segments of pipeline will be watertight CPE pipe. The segment of pipeline that
extends south from Ranch Road along the south side of Burke Road will have a profile with low
points and high points, as required to cross the bridge over Swauk Creek and maintain appropriate
depths of cover elsewhere. This segment of pipe will be designed to run full by filling the upstream
manhole to an elevation that is above the crown of the pipe and discharging to a downstream
manhole that is full above the elevation of the crown of the pipe. Because this segment of pipe will
run full, it will need to be designed to accommodate low pressures, so solid-wall, butt-fused HDPE
pipe is recommended. Based on the results of the analysis, pipe sizes will vary from 10-inch diameter
for the pipeline extending south along Burke Road to 15-inch diameter for the pipeline that conveys
water from the intake facilities to the manhole at Burke Road.

5.5 Geology and Geomorphology

The geology of the watershed is predominantly Tertiary-era, nonmarine sedimentary rocks and
basalts in the Swauk and Wenatchee Formations and related ash-flow tuffs, and Miocene-era basalt
flows from the Columbia River basalts overlaying much older metamorphic schists. These layers were
folded and uplifted as the Cascade Range rose and the Columbia Plateau subsided (Tabor et al.
1982). Surficial deposits include glacial morainal deposits and glacial till, particularly the deposits that
created Swauk Prairie, which has two layers of glacial till with glacial lake deposits of clay and sand
between the till layers. More recent alluvial deposits are present along Swauk Creek and from
tributaries at deltaic fans.
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The Soil Survey of Kittitas County Area, Washington (NRCS 2010) indicates that the predominant soils
along the steeper upland slopes upstream of the project area include Sapkin-Rubble land complex
(slopes 30% to 75%) that are derived from basalt and to a lesser extent loess (wind-blown glacial
materials), and Keechelus gravelly ashy loam (slopes 30% to 60%) that are derived from basalt,
brecchia, and pyroclastic rock with some volcanic ash in the upper part. Farther upstream in the
watershed are complexes of Keechelus-Nard-Kafing soils. Nard soils are derived from sandstone and
old alluvium with volcanic ash in the upper part. Kafing soils are derived from sandstone and
siltstone with volcanic ash in the upper part. Kiper stony ashy sandy loams (slopes of 30% to 65%)
are also present, derived from sandstone with volcanic ash in the upper part. There are numerous
dredged placer mining spoils piles along the creek within the project area and for several miles
upstream of the project area (see Figure 5-2).

In the floodplain of the project area, soils are primarily alluvial, including Quicksell loam (0% to 5%
slopes); Patnish-Mippon-Myzel complex (0% to 3% slopes); and Teanaway ashy loam (3% to 10%
slopes) derived from loess over glacial till with volcanic ash in the upper part.

Swauk Creek and its tributaries have cut their channels down through the glacial and bedrock
materials, resulting in confined valleys until about RM 8 where Swauk Creek enters Swauk Prairie. In
this area the creek was likely historically more complex with wetlands and a wide floodplain.
Downstream of Swauk Prairie, the creek enters a confined valley as it approaches the Yakima River.
Government Land Office mapping from 1892 (Figure 5-3) shows Swauk Creek with a slightly sinuous
course and does not note wetlands or multiple channels. It is striking to see the number of mining
claims and placer mining areas already in place by 1892.

Extensive mining, including placer mining in the creeks, has occurred in the watershed for over a
century. Mining removed large wood and natural substrates and contributed to channel incision and
confinement. Bedrock outcrops occur along the banks and bed of the creek in numerous locations
(Figure 5-4). The construction of U.S. Highway 97 also straightened and channelized Swauk Creek in
numerous locations. In Swauk Prairie, the creek has also likely been straightened along property
lines, and beaver dams and riparian habitats have been removed. Interfluve (2010) estimated that an
upstream reach of Swauk Creek was incised by 2.5 to 4 feet. Within the project area, the creek
appears to have been excavated down at least 2 feet as evidenced by the dredged spoils piles
adjacent to the creek.

The stream gradient through the project area is typically about 1.5%. The river substrates in the
project reach are a mixture of gravel, cobbles, and some boulders and patches of sands and silts. The
watershed has many natural sources of sediment that can be contributed via landslides, roads, and
forestry or rural residential land uses (Figures 5-5 and 5-6). No substantial accumulations of sediment
were noted in the creek channel in the vicinity of the irrigation diversion structures, although
seasonal accumulation of sands and silts may occur in low-velocity areas. The fish bypass return pipe
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downstream of the upper diversion becomes buried in sediment seasonally. Higher streamflows
would transport gravels. Upstream of the upper diversion, the creek changed course and abandoned
a meander bend during and after the high flows in 2009 (Figures 5-7, 5-8, and 5-9) as a result of
gravel and debris deposition in the old channel.

Figure 5-2
Placer Mining Spoils Pile

-
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Figure 5-3
General Land Office Map (1892)
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Figure 5-4

Swauk Creek Confined Between Bedrock and Road Fill Near RM 10
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Figure 5-5
Scree Slopes in Upstream Watershed
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Figure 5-6
Siltstone in Upper Watershed
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Figure 5-7
Swauk Creek Location in 2006 (Google Earth)

Figure 5-8
Swauk Creek Location in 2011 (Google Earth)
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Figure 5-9
Swauk Creek in 2017 (Google Earth)
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The Swauk Creek channel is fairly uniform in dimensions and gradient both upstream and
downstream of the project reach, with bankfull dimensions ranging from 35 to 45 feet and slopes
ranging from 1.5% to 2%. This is likely a legacy of the dredge mining that has generally confined the
channel in its existing alignment and dimensions.

A roughened channel can accommodate passage of sediment and wood without changing its overall
configuration because it generally replicates a natural slope and substrate conditions. It is likely that
gravel will periodically accumulate near the diversion headgate structure (just upstream of the ramp),
so gravel may need to be removed periodically, such as when the irrigation diversion is first opened
each season.

The fish bypass return from the proposed screen would be located to discharge back into the creek
further downstream of the existing bypass. The new alignment would discharge adjacent to a large
rock and scour pool, reducing the potential for burial of the pipe outlet. The current bypass pipe
discharges into a segment of the creek with the lowest gradient and most potential for sediment
deposition.
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6 Summary of Proposed Improvements

This section provides a detailed summary of the key facilities for the proposed project.

6.1 Stream Channel Improvements

Stream channel improvements will include the construction of a roughened channel immediately
downstream of the intake to create improved fish passage and ensure the adequate submergence
depth of the fish screen and bypass facilities. The roughened channel will be created by placing
3-man to 5-man boulders immediately downstream of the intake to create a grade control. The
roughened channel fishway will extend downstream at a 2.5% slope for 80 feet to meet a flatter
section of the creek. The fishway will be composed of a well-graded gravel and cobble mix with
boulders interspersed throughout. This slope is similar to the average slope along the entire creek.
The roughened channel will include a low-flow channel designed to maintain depths and suitable
velocity conditions during periods of low flows. The remainder of the channel was designed to
withstand and pass the 100-year recurrence interval flow.

Bed material was sized using guidance in the U.S. Bureau of Reclamation Rock Ramp Design
Guidelines (USBR 2007). Using methods cited in the guidelines, multiple sizing calculations were
performed and the threshold shear stress required to move bed materials was calculated. The most
conservative of these methods was used to decide on a median grain size (Dso) of 18 inches. The
guidance suggests using 1.5 times the Dss (85th percentile rock size) for the depth of the streambed
material, which yielded a depth of approximately 42 inches.

The area near the downstream diversion to be removed will be graded, and the large boulders will
be reworked to remove any drops larger than 6 inches. As necessary, the same gravel and cobble mix
used upstream will be used to fill in void spaces in the boulders and minimize channel and bank
erosion. The bank in the immediate vicinity of the removed diversion structure will be regraded,
mixing in the gravel and cobble mix, then hydroseeded.

6.2 Fish Screen Replacement

Fish screening facilities will be designed to meet the most current requirements for screening of
diversions from WDFW and the NMFS Anadromous Salmonid Passage Facility Design Guidelines
(NMFS 2008). Those criteria are outlined in Section 4.2. Based on discussions with KCCD and WDFW,
it is proposed that a modular rotating drum fish screen will be used that has already been fabricated
by WDFW and is being stored at their Yakima Screen Shop.

It is our understanding that WDFW has committed to furnish and deliver the rotating drum screen
and will oversee installation of the screen. The screen will be installed at generally the same location
as the existing screen. The project contractor will be required to perform the earthwork needed to
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accommodate the new screen, and to place and compact foundation material for the screen. Key
characteristics of the screen and recommended water surface elevations (WSELs) are as follows:

e Screen diameter: 24 inches

e Screen length: 6 feet

o WDFW design flow rate: 3.6 cfs maximum

» Screen bottom elevation: 2,190.27 feet (NAVD 88)

o  WSEL needed for 65% submergence: 2,191.57 feet (NAVD 88)

o WSEL needed for 70% submergence (target for design flow): 2,191.67 feet (NAVD 88)
e WSEL needed for 85% submergence: 2,191.97 feet (NAVD 88)

For the screen to operate properly, the hydraulic conditions need to maintain proper submergence,
which means that the screen needs to stay 65% to 85% submerged relative to the height of the
screen while in operation. To ensure that the water surface is well within that targeted range, WDFW
has recommended that the design target a submergence of 70% at the design flow of 3.5 cfs.

A new 8-inch solid-wall, butt-fused DR 32.5 HDPE fish bypass pipeline is recommended to replace
the existing fish bypass. As noted earlier, the existing fish bypass pipeline outlets to a portion of the
screen that accrues sediment and regularly becomes buried. Extending the outlet of the pipeline
farther downstream, along with proposed channel improvements designed to maintain appropriate
water levels at the screen, will allow for improved flow and outlet conditions through the fish bypass
pipeline to ensure that the fish bypass pipeline does not backwater.

6.3 Delivery Pipeline

Installation of the following segments of pipeline is recommended to replace open ditches and
convey water from the intake facilities to points of delivery to The Ranch on Swauk Creek on both
the north and south sides of Swauk Creek:

¢ Approximately 857 feet of 15-inch CPE pipe is recommended to convey 3.5 cfs from the intake
facilities to the culvert under U.S. Highway 97.

* Approximately 364 feet of 15-inch CPE pipe is recommended to convey 3.5 cfs from the culvert
under U.S. Highway 97 to a manhole near Burke Road where flows will be split.

» Approximately 10 feet of 12-inch CPE pipe is recommended to discharge up to 2.0 cfs from the
manhole near Burke Road to the open ditch that extends west to irrigate pasture within the
ranch north and west of Swauk Creek.

e Approximately 340 feet of 10-inch CPE pipe is recommended to convey up to 1.5 cfs along the
south side of Burke Road from the first manhole to a second manhole near Ranch Road.

o The flow will fill the manhole at Ranch Road and the pipeline downstream of this manhole will
operate completely full. Approximately 919 feet of 10-inch DR 32.5 solid-wall, butt-fused HDPE
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pipe is recommended to convey water from the manhole at Ranch Road across Swauk Creek to a
manhole near the outlet to the open ditch south of Swauk Creek.

e Approximately 23 feet of 12-inch CPE pipe is recommended to discharge up to 1.5 cfs from the
manhole south of Swauk Creek to the open ditch that conveys water to the pond on ranch
property south and east of Swauk Creek.

6.4 Riparian Plantings

Areas disturbed by the removal of the downstream irrigation diversion headwall and installation of
the roughened channel areas will be graded to smooth slopes and seeded with native grass species
(see Table 6-1) and red osier dogwood cuttings (Cornus stolonifera).

Table 6-1
Recommended Native Grass Seed Mix
Species Name Common Name Pounds/Acre
Agrostis idahoensis Idaho redtop 3
Elymus glaucus Blue wildrye 5
Elymus lanceolatus Streambank wheatgrass 5
Festuca idahoensis Idaho fescue 7

Downstream of the irrigation infrastructure improvements, approximately 3.5 acres of riparian habitat
will be planted with cottonwood poles (Populus balsamifera) to supplement prior riparian plantings.
Cottonwood poles should be 1.5 to 3 inches in diameter (butt end) and 8 to 12 feet in length, with all
lateral branches cut off. Poles should be cut with a 45-degree angle on the butt end. The growing
end should be cut flat and treated with tree paint or other suitable plant sealant to prevent
desiccation. Poles should be harvested from within the watershed, kept in cold storage prior to
delivery to the site, and then placed to soak the lower half for a minimum of 24 hours prior to
planting. Cottonwood poles should be harvested and planted during the dormant season, preferably
in March. Poles should be installed at 10-foot spacing using an auger or waterjet to create a hole for
planting to a minimum depth of 4 feet.
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7 Opinion of Probable Construction Cost

An opinion of the probable construction costs was developed for the proposed project (Table 7-1). A
detailed breakdown of materials, work, and related costs is included in Appendix G.

The opinion of probable construction costs incorporates the following:

e 10% allowance for mobilization/demobilization
e 8.0% sales tax rate

The total construction cost includes a 10% construction contingency to reflect uncertainty in the
schedule for bidding and items that may change prior to or during construction. The design has
been developed to the 90% design level. The costs in Table 7-1 only include an opinion of the
probable construction cost that would be borne by the construction contractor. Engineering,
permitting, and administration costs are not included in this opinion of probable cost. Most of the
engineering, permitting, and administration work to be completed during the design phase has
already been funded. Additional funding may be needed to administer and manage the project
through construction.

Costs were divided into base bid items and the following optional bid items:

¢ Option A Bid Items - Includes modification to the stream channel at the lower point of
diversion, including reworking of boulders to eliminate drops in the channel upstream of
RM 7.71. This work may not be required or desired as part of the final bid package.

e Option B Bid Items - This includes installation of corrugated polyethylene pipe to replace the
irrigation ditch east of U.S. Highway 97. KCCD may decide not to construct this segment of
pipeline if there is not budget to support the work.

e Option C Bid Items — This includes cottonwood copse planting. KCCD anticipates that this work
may be completed by volunteers or others under a separate contract.

7.1.1  Assumptions
The following assumptions are reflected in the opinion of costs:

o The pipeline installed from the intake to Burke Road will be installed within an existing ditch
easement. No additional easements or property acquisition will be required for this pipeline.

e The pipeline along Burke Road will be installed entirely within Kittitas County right-of-way and
will be subject to a franchise agreement being developed between the ranch owner and the
County. Any costs associated with that franchise agreement are assumed to be the responsibility
of the ranch owner and are not included.

o  WDFW will furnish and oversee installation of the rotating drum fish screen. The costs include
contractor labor to transport the screen to the site from the Yakima Screen Shop, remove the
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existing fish screen, excavate to accommodate the new fish screen, prepare subgrade, place and

compact foundation material, and assist WDFW with screen installation.

¢ The contractor will also trench, place and compact backfill, and install the fish bypass pipeline

and connect that pipeline to the modular fish screen.

e  One-third of streambed boulders will be sourced on site.

o No export of streambed materials will be required.

The opinion of probable construction cost will be refined through the detailed design.

Table 7-1
Opinion of Probable Construction Costs

Item

|

Opinion of Probable Cost

Base Bid Items:

Division 1 — General Requirements $48,000
Division 2 — Existing Conditions $18,000 -
Divi;ion 31 - Earthwork ) $86,000
Division 32 — Exterior Improvements $46,000
Division 33 — Utilities - $57,000
Construction Subtotal ~ Base Bid Items $255,000
Sales Tax (8.0%) _'  $20.400
Subtotal - Construction Contract - Base Bid Items : $275,000
| Contingency (10%) | $27,500
Total Co:struction Cost - B_as_e -Bid Items | $303,000
Option A Bid Items (Channel Restoration at RM 7.71):
| Division 31 - Earthwork ' $5,000
| Division 32 — Exterior Improvements _.i - $8,000 o
Construction Subtotal — Option A Bid Items i $1i00_0
Sales Tax (8.0%) .' $1,040
Subtotal - Construction Contract — Option A Bid Items $14,000
Contingency (10%) $1,400
Total Construction Cost — Option A Bid Items ) $15,000
Option B Bid Items (Irrigation Pipeline East of Highway 97)
Division 31 — Earthwork $21,000
| Division 33 — Utilities - $31,000
Construction Subtotal ~ Option B Bid Items $_52:020 -
Sales Tax (8.0%) $4,160
Subtotal — Construction ' Contract - Option B Bid Items $56,000
I Contingency (10%) $5,600
Total Construction Cost - Option B Bid Items _$62,000

Design Report 44

November 2020



mem e T

Opinion o} Probable Cost

Option C Bid Items (Cottonwood Copse Planting):

Division 32 — Exterior Improvements - $11,000
Construction Subtotal — Option C Bid Items $11,000
Sales Tax (8.0%) $880
T Subtotal - Construction Contract - Option C Bid Items $12,000 -
Contingency (10%) - $1,200
Total Construction Cost — Option C Bid Items $13,000 o
| Total - Base Bid and All Optional Bid Items:
- Construction Subtotal | $331,000 ) )
Sales Tax (8.0%) ) $26,480
o Subtotal - Construction Contract $357,000
| Contingency (10%) $35,700
Total Construction Cost $393,000 |
Notes:

1. Intake facilities include preparing the screen structure for screen installation.

2. Pipeline costs include trenching; furnishing and installing pipe, fittings, and appurtenances; backfilling; compaction of backfill;

surface repair; and hanging pipeline on bridge.
3. Subtotals and totals are rounded up to the nearest $1,000.
4. Costs are in 2020 dollars.
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8 Summary and Recommendations

This report summarizes the design of The Ranch on Swauk Creek Diversion Improvement and

Restoration Project. The project will convert a portion of the existing open, unlined delivery ditch to a

buried pipeline, upgrade the fish screen and bypass at the existing intake facility, and construct a
roughened stream channel downstream from existing intake. The project will also remove a second,

downstream intake structure and restore the channel in that location. Downstream of the irrigation

infrastructure improvements, approximately 3.5 acres of riparian habitat will be planted with
cottonwood poles to supplement prior riparian plantings. These improvements are intended to

achieve the following objectives:

Eliminate irrigation-related mortality of steelhead, coho, and Chinook salmon at Swauk Creek
RM 7.71 and significantly reduce the irrigation-related mortality of steelhead, coho, and Chinock
salmon at Swauk Creek RM 7.92.

Restore year-round fish passage for all life stages of salmonids at Swauk Creek RM 7.71 and

RM 7.92.

Improve summer rearing conditions for juvenile steelhead, coho, and Chinook salmon in Swauk
Creek by increasing irrigation efficiency, resulting in up to 0.25 cfs of conserved water available
for instream flow benefits.

Increase canopy cover, shade, and a source of future large woody debris for Swauk Creek and its
floodplain by planting up to approximately 3.5 acres with cottonwood copses.

Design Report 46 November 2020



9 References

Bell, M.C., 1991. Fisheries Handbook of Engineering Requirements and Biological Criteria. U.S. Army
Corps of Engineers, North Pacific Division, Portland, Oregon.

Haring, D. 2001. Habitat Limiting Factors in the Yakima River Watershed WRIAs 37-39 Final Report.
Washington State Conservation Commission, Olympia, Washington.

Interfluve, 2010. Swauk Creek Assessment and Conceptual Project Development. Prepared for the Mid-
Columbia Fisheries Enhancement Group, Final Draft February 2010.

NMFS (National Marine Fisheries Service), 2011. Anadromous Salmonid Passage Facility Design.
NMFS, Northwest Region, Portland, Oregon. July 2011.

NRCS (Natural Resources Conservation Service), 2010. Soil Survey of Kittitas County Area,
Washington. Available at:
https://www.nrcs.usda.aov/wps/portal/nrcs/surveylist/soils/survey/state/?stateld=WA

Tabor, RW,, R.B. Waitt, Jr,, V.A. Frizzell, Jr, D.A. Swanson, G.R. Byerly, and R.D. Bentley, 1982. Geologic
Map of the 1:100,000 Quadrangle, Central Washington. U.S. Geological Survey, accompanies
Map No. 1-1311. Available at: https://pubs.usgs.gov/ds/137/

Temple, G.M,, R. Fifield, R.E. Steele, Z. Lessig, C. Frederiksen, Z. Mays, and T. Seamons, 2015. Yakima
Steelhead VSP Project: Resident/Anadromous Interactions Monitoring. BPA Project #: 2010-
030-00. Report prepared by Washington Department of Fish and Wildlife and Yakima
Confederated Tribes.

USACE (U.S. Army Corps of Engineers), 2016. Hydrologic Engineering Center River Analysis System
(HEC-RAS). Version 5.0.3. September 2016.

USBR (U.S. Bureau of Reclamation), 2006. Steelhead Movements in the Upper Yakima River Basin, Fall
2002-Spring 2006. Technical Memorandum No. 3290-07-05. Denver, Colorado.

USBR, 2007. Rock Ramp Design Guidelines. U.S. Department of the Interior Bureau of Reclamation
Technical Service Center Denver, Colorado. September 2007.

USGS (US. Geological Survey), 2016. The StreamStats program. Available at:
http://streamstats.usgs.gov. Accessed June 2020.

WDFW (Washington Department of Fish and Wildlife), 2013. Water Crossing Guidelines. Washington
Department of Fish and Wildlife, Olympia, Washington. 2013.

Design Report 47 November 2020



Yakima Subbasin Fish and Wildlife Board, 2004. Yakima Subbasin Plan. Prepared for the Northwest
Power and Conservation Council, May 2004.

Yochum, S.E., F. Comiti, E. Wohl, G.C. David, C.L. Gabrielle, and L. Mao, 2014. Photographic Guidance
for Selecting Flow Resistance Coefficients in High-Gradient Channels. Gen. Tech. Rep. RMRS-
GTR-323. Fort Collins, CO: U.S. Department of Agriculture, Forest Service, Rocky Mountain
Research Station.

Design Report 48 November 2020



Appendix A
Site Visit Notes and Photographs




ANCHOR

Meeting Minutes
Kick-off Meeting/Site Visit

The Ranch on Swuak Creek Project
1:00 PM; April 29, 2020; Project Site

Attendees

David Rice, P.E. Anchor QEA

Merri Martz Anchor QEA

Ryan Roberts, P.E. Kittitas County Conservation District
Cassandra Weekes Washington Department of Fish and Wildlife

Meeting Minutes/Site Visit Notes

WDFW Screen and Coordination

e Josh from WDFW's screen shop was not able to attend the site visit.

e Dave will contact Josh and/or Danny at WDFW's screen shop and schedule some time to talk
through screening options over the phone.

¢ The existing screen at the upstream diversion seems to do a decent job of keeping fish out of the
irrigation canal, but it backwaters and does not offer consistent sweeping velocity to move fish
past the screen and through the bypass back to the creek. The bypass sometimes appears to flow
backwards towards the screen.

e At the time of the site visit, the water level in the creek appeared to be higher than the invert of
the bypass at the screen, but there did not appear to be water backing up into the screen
through the bypass, which would suggest that the bypass was plugged or has some kind of
check feature.

» They are considering different options but there are two modular rotating drum screens available
in the shop. If one of these screens looks like it is the correct size, this may be a good option.

e The ranch owner maintains the screen and the rest of the diversion system. The existing screen
requires very frequent cleaning during the irrigation season (e.g. every 2 hours).

Kittitas County Conservation District (KCCD) Restoration Goals, Extents

e Streambed boulders were placed in channel at the upstream diversion in an effort to establish
appropriate hydraulic head conditions when the screen was replaced about 10 years ago.

LAProjects\KittitasConservDist\Swauk Creek Fish Screen and Restoration\Meetings\KCCD - Swuak Creek - 2020-04-29 - Kick-off Meeting and Site Visit Minutes.docx
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» The streambed boulders have either shifted or settled and are not maintaining the appropriate
hydraulic conditions to keep water in the diversion during the late summer and to keep water
moving past the screen with sweeping velocity.

e The ranch owner currently installs an aluminum pole across the stream channel with a plastic tarp
draped over it and anchored to the stream bed to check up the water in the late summer to
maintain diversions at the upstream diversion.

» The ranch owner currently installs cattle fencing with a plastic tarp draped over it and some
temporary pipe extending up the left bank of the creek to capture enough water for the
downstream diversion during the late summer low-flow period.

o The downstream diversion is not screened and entrains fish into the system.

» The ranch owner has to put the materials in the creek early in the season (sometimes as early as
the first half of July) to get water.

¢ Both diversions are barriers to fish passage.

» KCCD and the ranch owner would like to see a fish-passable rock weir that maintains the
appropriate hydraulic conditions to keep water in the diversion during the late summer low-flow
period and maintains appropriate depth and sweeping velocity conditions at the new screen.

e Additional restoration work could include planting up to 1 acre of cottonwood copses in the
riparian area downstream of Burke Road, where some previous restoration work occurred, but
there are breaks in the riparian coverage.

Irrigation Operations

e The ranch uses the water as follows:

- The upstream diversion conveys water to a canal that extends south, crossing Highway 97
and Burke Road, and delivers up to approximately 2 cfs to pasture that is south of Burke
Road and west of Swauk Creek. The small ditch that extends east along Burke Road to
Swauk Creek from the main canal spills excess water back to Swauk Creek.

- The downstream diversion conveys water through pipes and open canal to a pond on the
ranch property south of Burke Road and east of Swauk Creek. The ranch then irrigates
pasture on the east side of Swauk Creek from the pond.

- The total combined peak flow rate for the two diversions is 3.5 cfs. The upstream diversion
has two water rights that each allow for diversion of up to 2 cfs, but the water rights are
rotating, so the maximum diversion rate at any time is 2 cfs. The downstream diversion
has a water right that allows for diversion of up to 1.5 cfs.
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Franchise Agreement, Coordination with County Public Works

The ranch owner has indicated that they are negotiating to obtain a franchise agreement with
the County for domestic water and it would be ideal if the agreement also included irrigation
water.

Ryan indicated that it is not clear yet whether the franchise agreement exists and whether it will
allow for burial of irrigation pipe along the edge of Burke Road.

The proposed crossing at Swauk Creek would consist of hanging the pipe on the County’s bridge
where Burke Road crosses Swauk Creek. Ryan is not sure yet whether the County will allow this.

If the pipe cannot be hung from the bridge, the downstream diversion may need to be supplied
by a pipe crossing under Swauk Creek near the location of the diversion to send water through
the upstream diversion into the existing lower pipe/canal system.

Any property owner coordination would go through Ryan at KCCD.

Schedule, Timeline for Implementation

If possible, they would like to start construction this fall when the irrigation season ends to avoid
having another irrigation season with fish mortality and fish barriers.

That would require permitting on a very short timeline (would need permits in hand by
September).

Cassandra will verify the in-water work window (verified after the meeting as July 15 to
September 30). An extension into October is likely to be feasible.

They will use BPA as the federal lead for permitting, but with the Covid-19 situation, there have
been some delays in Section 106 consultations.

If needed, maybe we can consider doing the out-of-channel work in the spring before the
irrigation season starts.

Typically, they would like to submit permits with a 60% complete design to ensure that things do
not change significantly as the permits are reviewed, but in this case the 30% design (with
sufficient details) would likely need to be used for permitting.

Action ltems

Anchor QEA

o Call Josh and Danny to discuss screen configurations and pin down the screen type and
approach for installing it.

o Look at the CAD survey file to verify the limitations on the data near Burke Road. Send
request for additional survey data to Ryan.
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o Review background information to verify what we have received and what we have not
received. Request additional information, if needed.
Ryan
o Coordinate with the ranch owner and the County Public Works Department to clarify the
status of the franchise agreement between the County and the ranch owner, confirm
whether the agreement will include irrigation water infrastructure, and determine
whether pipe can be hung from the Burke Road Bridge over Swauk Creek.
o Coordinate and contract with HLA to collect additional survey data, if needed.
o Provide any other background information requested by Anchor QEA, if available.
Cassandra
o Verify in-water work window. DONE, EMAILED TO ANCHOR QEA ON 4/30.
o Clarify level of design needed to initiate permitting. DONE. EMAILED TO ANCHOR QEA
ON 4/30.
o Send WSDOT Report with additional flow information for upstream fish passage project.

DONE. EMAIL TO ANCHOR QEA ON 4/30.
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Site Photographs

Photograph 2 — Fish Screen and Irrigation Canal from Diversion Structure
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Photograph 3 — Fish Screen with Paddle Wheel

-

:P-.!":i : Y L
gk r

. ’ ' | ... . 1 l‘
LA
o Y

e an i v - B e Y L]

A 2

Photograph 4 — Channel at Diversion with Streambed Boulders
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Photograph 6 - Irrigation Canal Downstream of Fish Screen on West Side of Creek
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Photograph 8 — Culvert Inlet on Irrigation Canal on West Side of Creek at Highway 97
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Photograph 10 — Flow Control Structure on East Canal/Pipeline N Side of Burke Road
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Photograph 11 — Pond at Downstream End of Canal on East Side of Swauk Creek

Photograph 12 — S Side of Burke Road Bridge Over Swauk Creek
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'VEGETATION REMQVAL I5 REQUIRED, VEGETATION WILL BE CUT AT GROUNG
LEVEL (NOT GRUBBED).

1 AT PROJECT COMPLETION, ALL TEMPORARY ACCESS ROADS AND PATHS WALL
AND THE SC1L WALL

TO THE MOST

mmwmmmmmmmmamnninmm
SURFACE, TO MATCH
E T
FLOODING THE END OF
WINDOW,

TEMPORARY STREAM CROSSINGS.
‘A DXISTING STREAM CROSSINGS WILL BE PREFERENTIALLY USED WHENEVER

BE MINDMIZED.

[y

EQUIPMENT
CONSTRUCTION. TREATED WIX0D SHALL NOT BE USED! ON TEMPORARY

€ EQUIPMENT AND VEHICLES WILL CROSS THE STREAM IN THE WET OMLY
WHERE:

. THE STREAMBED IS BEDROCK; OR
e A

CROSING.

F. VEHICLES AND MACHINERY WILL CROSS STREAMS AT RIGHT ANGLES T0 THE
MAIN CHANNEL WHEREVER POSSIBLE

& THE TEMPORARY THAT MAY
INCREASE TE ISk OF GHANREL KE ROUTING OR AVULSION.

H. POTENTIAL 4.£, POOL TAILOUTS) o
AVOIDED TO THE MAXIMUM EXTENT POSSIBLE.

L ocaur. WHEIN
INTHE GRAVEL WL BE

CONTACTED FOR SPECIFIC TIMING INFORMATION.
1L T ('3

EQUPMENT STORAGE, VEHICLE
mmﬂm SERVICING, AND HAZARDOUS MATERIAL STORAGE) WILL BE
150 FEET OR WETLAND, OR ON AN

WL

ADUACENT,

RLOCDPLAIN

8 NATURAL
SUCH AS LAAGE WOOD, GRAVEL, AND BOULDERS, MAY BE STAGED WITHIN THE
100-YEAR FLOODPLAN.

€ ANY LARGEWOCD, TOPSOLL, AND MATIVE CHANNEL MATERIAL DISPLACED BY

SPECIICALLY IDENTIHED AND FLAGGED AREA

o, NOT NATIVE 70 THE
WL THE 100-YEAR
ROODPLAN FORDISPOSAL
3 VEHICLES WILL BE SELECTED,
‘QPERATED, AND MAINTAINED IN A THAT MINIMIZES ADVERSE EFFEC
o G, MINMALLY-SIZED, LOW PRESSURE TIRES; Mi
HARD-TURN PATHS FOR TRAGKED 'MATS OR PLATES WITHIN
WET AREAS OR ON SENSITIVE SORS) ALL VEHICLES AND
BE
A STORED, FURLED, 150
ASUACENT, ESTABLISHED ROAD} AREA;
e 150 FEET
NATURAL SUCHAS
WITH THANS.
GALLONSE

To

156 FEET OF ANY NATURAL

E ORDANARY HIGH WATER,

1, L THE PROJECT SPONSOR WILL DETERMINE THE APPROPRIATE DUST

SOIL PREVZ
WIND DIRECTION, AND THE EFFEC TS CAUSED BY OTHER EROSION AND SEDIMENT
MEASURES. IN ADDAT L BE

A WORKWILL BESEQUEN
“TO WIND ERGSION.

P SO AS O MMM Tt LHHBBOD T THEY WILL
USNISLAFCNATE WALL BRI ATED 70 AMAAI RATECE

Asmmmvmwmmxamm

ammnmrsmwmsn

€ APPUICATION OF | BE AVOIDEDY DURING OR
T SEORE WET WEATHER AND AT STREASA CAOSSINGS OR OTER AREAS THAT
COULD RESULT IN UNFILTERED DELIVERY OF THE DUST AJATEIMENT MATERIALS TO
AWATERSODY {TYPICALLY THESE WOULDY BE AREAS WITHIN 25 FEET OF A
WATERBODY OR STREAM - DISTANCES | WHERE
'VEGETATION IS SPARSE OR SLOPES ARE STEEP).

D SPLL CONTAINMENT EQUIPMENT WILL BE AVAILABLE DURING APPLICATION OF
DUST ABATEMENT CHi

€ PETROLEIM-RASED PROCUCTS WILL NOT BE USED FOR DUST ABATEMENT.

THE FUEL, LUBRICANTS,
HYDRAULK ALUID, O OTHER CONTAMNANTS INTO THE RPARAN ZONEOR.
OIRECTLY INTO THE WATER wnonmv.
MATERIALS. CHANNEL MAY RESULT IN
ACCIDENTAL! E

OF HAZARDOUS MATERIALS THAT WILL BE LISED, INCLUDI)
INVENTORY, STORAGE, AND HANDUNG PROCEDA nswumvuuu:oﬂ-sﬂz

WILL BE POSTED
€ SPILL GONTAINMENT KITS
ADETIAT Emnﬁmswu\mmornmmsmms
USED AT THE SITE WILL BE AVAILABLE AT THE WORK SITE.
5. WORKERS WILL BE TRAINED IN SPILL CONTAINMENT PROCEDURES ANDWILL BE.
INFORMED OF THE LOCATION OF SPAL CONTAINMENT

BEFROPERLY TRANSPORTED TO AND DISPOSED OF AT A FACIITY THAT IS
APPROVED FOR RECEIPT OF HAZARDOUS MATERIALS.

9. EROSION CONTROL ERDSION CONTROL MEASURES WILL BE PREPARED AND.
- 5 ERH SCOFE RTHITHERCTION, THATMAY NCLUDE 2 srecies THE FOLLOWING MEASURES WILL OE FOLLOWED TO
A TEMPORARY EROSION CONTROLS. e CERNASHE FLANTS AND HC00US WEELS INTORREISCT
L TEMPORARY BempLACE A PRICRTO THESITE ALL VECLES AND EQUIPHENT WLl 8E POWER
o GRS ALLOWES 76 FULLY DR A NS PETES T MRS AR N PLARTS,
(OF PROJECT ACTMTY WITHIN' \REA LINTIL SITE ‘SO, OR OTHER ORGANIC MATERIAL ADHERES 1O THE SURFACE.
REHABAITATION IS COMPLETE. B. WATERCRAFT, WADERS, BOOTS, oneER
THERE | TENTIA ERODED SEDYMENT TO ENTER STREAM, WATER WL | AQUATIC INVASIVE SPECIES.
N :n‘ BARS) PR o THE! MITH FELT SOLES ARE NOT TO BE USED DUE TO THER
T Y FOR AIDING IN THE TRANSFER GF INVASIVE SPEES.
EL TEMPORARY ST
BNOER OR
‘GEQTEXTIES AND GEOSYNTHETIC FABRIC.
5o TACMAR
e

SMATERLALS ARE NGIIGUS WEED FRE AND NONTOXIC TO ACUATIC AND
‘TERRESTRIAL ANBMALS, SOIL WICROCRGANISMS, AND VEGETATION.

V. SEDIMENT WILL BE REMOVED FROM EROSION CONTROLS ONGE IT HAS REACHED
173 OF THE EXPOSED HEGHT OF THE CONTROL.

VL ONCE THE SITE IS STABILIZED AFTER CONSTRUGTION, TEMPORARY EROSION
CONTROL MEASURES WILL BE REMIOVEDL

B. EVERGENCY
Wi

L ASUPPLY OF SEDIMENT CONTROL MATERIALS; AND
L

N COLOR ADIKENT BLOCEE
W a—

?
i
H

O NCH

AT FULL SZE  NOT ONE

ICHSCALE ACCORIWGLY.

50% DESIGN:NOT FOR CONSTRUCTION |
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[
mlsmumwovxm

WOSMJ wAmmornAzAmouswmus
mA“mEsnEwu S AVRAGLE AT ot WIS
n

ANDWIL BE

E Amwm:ummscmmmnn:srmmmmumw
A TARPALAIN, UNTIL THEY CAN
BE PROPERLY TRANSPORTED TO AND DISPOSED OF AT A FACKITY THAT IS
APPROVED FOR RECHPY OF HAZARDOUS MATERIALS.

W BAASVE CONTRCX. THE FGLLOWING MEASURES WILL BE FOLLOWED TO
/ASIVE PLANTS AND NOXIOUS WEEDS 1NTG PROJECT
AREAS:
A, PRIOR TO ENTERNG THE SITE, ALL VEHICLES AND EQUIPMIENT WILL BE POWER
WASHED, ALLOWED 0 FULLY DAY, AR 7O MAKE SURE NO PLANTS,
ADMERES TO THE SURFACE.

1mrmﬁnw4wsm ANY GTHER GEAR TO BE USED IN OR NEAR

WATER WiLL BETNSPECTED FOR AQUATIC INVASTVE SPECIES.

€ WACHIS MO WTH LT 1)
THE TRANSFER CF INVASIVE SPECIES.

WORK AREA ISOLATION & FISH SALVAGE

1 BOWATE
A BLOCK NETS WILL B INSTALLEDY AT UPSTREAM AND DOWNSTREAM LOCATICNS

AND MAINTAINED IN A SECURED ROSITION TO EXCLUDE FISH FROM ENTERING T

PROIECT AREA.
BLOGKNETS WALBE SCCLRED T0 T STRCAM CHANNE. DED AND BArdcs
FISH CAPTURE ANDI

O NETS WL ANYTIME
SALVAGE AS DESCRIBED BELOW, FISH TRAPPED WITHIN THE ISOLAT
wlmzmmvouumzncmornm mnansmAumm
s o BY
< samwmuwsum TURE OF

WILL BE USED,

@

MINNOW TRAPS WAL BE LEFT IN PLACE VERNIGHT ANO USED IN CONJUNCTION
WATH SEINING.

IF BUCKETS ARE USED TO TRANSPORT FISH:
‘THE THAE FISH ARE I A TRANSPORT GLICKET WALL BE LIMITED, AND WAL bE
RELEASED

—m

AS QUICALY AS|
1. THE NUMBER OF mmﬂArmlvm‘Mmmmmmwm
WILL BE OF RELATIVELY COMPARABLE SIZE TO MINBVIZE PREDAT

oR
FREQUENTLY CHANGED WITH COLD CLEAR WATER AT 15 MINUTE CRMORE
FREQUENT INTERVALS.
V. BUCKETS WALL BE KEPT [N SHADEL AREAS OR WALL BE COVERED BY A CANOPY I
[DPOSED ARFAS.

4 PEWATER, DEWATERING WHENECESSARY, WL b2 CONDUCTED OVER A SUFFIGENT
OF TIME TO ALLOW SPECEES TO NATURALLY MIGRATE GUT OF THE WORKAREA
AND WILLBE UMITED TO THE SHORTESTLINEAR XTENT PRACTICLBLE
ST MAYBE ACCOMPSHED WITHA
wmnmwAw-Mssmmvmmoum
DIVERSION DITCH. wmimmvmlsnowosmmmmmnz
'USED, BUT MUST BE OPERATED IN SUCH A WAY AS TO AVOID REPETTTIVE
DEWATERING AND REWATERING OF THE SITE. BMPOUNDMENT BEHIND THE
COFFERDAM MUST OCCUR SLOVAY THROUGH THE TRANSITION, WHILE
CONSTANT FLOW IS DELIVERED TO THE DOWNSTREAM REACHES.
B AL PUMPS WILL HAVE FISH SCREENS TO AVOID JUVENILE FISH IMPINGEMENT
‘OR ENTRAINMENT, AND WAL HE OPERATED IN ACCORGANCE WITH NIFSS
|SCREEN CRITERIA (NMFS 20114, OR MOST RECENT VERSION) IF
CUBIC FEET SECOND (CFS1, A NMPS HYDRO FISH

TH wiLL
mﬁmmmlﬂmﬂvﬁmﬂoﬂoﬂﬂmmm
D, SATE REENTRY OF FISH INTO THE STREAM CHANNEL WL BE PROVIDED,

muvmcmmmrvmu:mimsmmwwwsm

E s:mﬁswnawmlﬁmwﬁ: A TEMPORARY STORAGE AND TREATMENT
UPLAND AREAS TO ASLCAY WATER T0 PERCOLATE THROUEH S0

oRTQ mmmmnvazrmm

CHANNEL

4 NATIONAL MARINE RISHERIES SERVICE 2071 ANADROMOUS SALMONID
NORTHWEST REGON. AT

FISH-PASSAGE-DESIGNPDF
5. SALVAGE| MONITORING AND RECORTANG OF FISH PRESENCE, HANDLING,
ND M MUST OCCUR DURING THE DURATION OF THE ISOLATION, SALVAGE,

ING, DEWATERING, AND REWATERING OPERATIONS. GNCE OPERATIONS
SRS COMPLETED,A SALVACE REPORT W DOCUVIT USED, ANY FISH
RUURES OR DEATH GNCLUDING NUMBERS OF RSH ATFECTED] AND) CAUSES OF ANY
DEAY

90% DESIGN:NOT FOR CONSTRUCTION.

¥, DEAD FSHWALLING? € STORED N TRAISPORT BUCKETS, BUT WL OE LT Ot
A0 WORK AREA WITHN THE WETTD CHANMEL WEL B2 SOLATED FROM THE ATV THE STREAM BANK TO AVDID MORTALITY COUNTING
CERTAY ORI
F. AS RAPIDLY AS POSSIBLE TROU),
VSN WAt ARER EGLATION £ REGUIED DESIGH FLAS WL INCLUE AL SOLATION T e A ot EA i o 1 ISH PASSAGE WL B PROVIDED FORANY ADULT OR ANELE IS
ELENENTS, FISH RELEASE AREAS, AND, WHEN A PUNP IS USED TO DEWATER THE b o PREFERRED, BUT PRESENT IN THE ACTION AREA DURING
THAT NMFES FISH i PASAGE DIb N DS BEFOR CONSTRUCION O LE STREAMAIE NATUBALLY
h AND R IMPASSABLE AT THE TIME OF CONSTRUCTION. IF THE PROVISION OF TEMPORARY HIS
SCREEN CHITERIA QS 207 mmcstmm JORAREA SOLATION WD i COMSTRLICTION. » T s s
EARLYIN ATE I THE DAY, s SPECIES OF INTEREST OR THEIR HABITAT, A VARANCE CAN BE 3
" WITH WORK TO ENSURE. NP F AND THE PERTI
friedoi OF ALLFSK. PEORMATION SUCH AS T E SPCis LENGTH OF STREAM REACH
- NATIONAL 2011, ALTERNATIVESC , WILL BE INCLUIDED IN THE VARIANCE REQUEST.
FAZLITY DESIGN. NOATHWEST REGION. AVAILABLE ONLINE AT: ELECTRORSHNG WL B USED OMLY AFTER OTHERSAVAGE 2 o |AND DISCHARGE WATER
S DETERMINED TO NOT BE FEASIME OR EFFECTVE. JF ELECTROFISHING WL BE USED TO A A S NEEDS. BT OKLY
‘CAPTURE FISH FOR SALVAGE, THE SALVAGE OPERATION WL BE LED BY AN
- US. FISH AND WILDLIFE SERVICE. 2010, BEST MANAGEMENT PRACTICES 10 MINMIZE BROLOREST ANG THE £OLOWING. GUIDELIES WAL BE NOT EXCEED 10%
ACVERSE EFFECTS TO PAOFIC LAVPREY. FOLLOWED: C AL DISCHARGE WATER WALL BE COLLECTED AND TREATED
Py i GUDEINES 1S 2000, USING THE BEST AVAILABLE TECHNOLOGY APPLICASLE TO SITE CONDITIONS
Avma 5 onY! CURRENT PO} D TREATMENTS 7O REMIOVE DEBRIS, NUTRIENTS, SEDIMENT, PETROLEUM
METALS AND OTHER POLLUTANTS LIKELY T0 BE PRESENT WALL
CONDUCTIVITY MUST BE TESTED. e
TROUT 1 (F CONDUCTIMTY IS LESS TMAN 100 MS, VOLTAGE RANGES FROM 900 TO 1100
ELECTRO RSHING SHALL GALY GCCUR FROM MAY 1 T0 LY 31. NG ELECTRO RSHING WAL BE USED.
WILL OCCURIN ANY BULL TRGUT OCCUPIED HABITAT AFTER AUGUST 15, BULL TROUT [} 100 TO 300 WS, 2
AREVERY HOCKED 500710300
SALVAGE L FOR CONDUCTTATY GREATER THAN 200 MS, VOLTAGE WILL BE LESS THAN 400,
THE COOLEST ELECTROFISHING WALL BEGIN WITH A MMIMUM PULSE WIDTH ANO
[ LATE IV THE DAY, RECOMMENDED VCKTAGE AND THEN INCREASE T THE POINT WHERE
PRESENT FISH ARE MM
POLLOY D THEANODE WiLL NOT INTENTIONALLY CONTALT FisH.
IN STEPS Ms srws E ARE
'WALLBE IMPLEMENTED FOR. A..mzcvswmzwow‘cm rr&g:n TURRID AND VISIBLTY IS POCR. e
OF WATER
ACCORDING 10 CONDITIONS ABOVE amnﬂdmsma)m;emmm B it AT
oF g gt ‘SHNAL DEFORMATIONS, DE-SCALING OF 26,5, OR MORE OF BOG, AND TORKDITY
FEUATERING STEPS 4 D) Wl ORINABHLITY TO MAINTAIN UPRIGHT ATTITUDE AFTER SUFFICIENT RECOVERY TIME)
4 'DCCURS DURING ELECTROFISHING, OPERATIONS WILL BE IMMEDIATELY
smmmnsmvummmﬂsﬂ.msmmuommmm
), MACHINE SETTINGS, WATER TEMPERATURE A
sPeaRs. KNOWN 70 82 OCCURED BY CHECKED, AND PROCEDURES ADWSTED CR ELECTRCFESHING POSTPONED TO
LAMPREY, UNLESS FORTHIN US FiSH y
AND WILUFE SERVICE 20107
b:_: e RANCH ON SWAUK CREEK
BEScwTON s I—
g o ek IRRIGATION DIVERSION
ANCHOR UNTY iy AND 108
QEA L=~ CONSERVATION DISTRICT FIoADR: AL BPA HIP 11l GENERAL
e s
o, CONSERVATION &
arwony
IMPLEMENTATION MEASURES
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PARCELS

{618, KITTITAS COUNTY;
—— - —— STREAMS (WDNRGIS DATAl
— PROPOSED APELINE
— — — SHEETDXTENTS

NORTH

o
¥
]
[PLAN INTENDED 7O BE VIEWED
N CDIOR, ADIACENT MOCR B
o g—

‘SCALE IN FEET

NOTES:

iy

1. HORZONTAL DATUM: WASHINGTON
STATE PLANE SOUTH ZONE, NORTH
AMERICAN DIATUM OF 1983 (NADAS),
S, SURVEY FEET

GER
AT FULLSZE, NOTONE
INGH SCALE.

BANCH ON SWAUK CREEK

IVERSION
KITTITAS COUNTY . IMPROVEMENT AND RESTORATION
CONSERVATION DISTRICT

OVERALL SITE PLAN sme 5 o222




Commmrution Dkt vk Gt Do &« Bt

CONTROL POINT TASLE

EASTING

ANCHOR.
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KITTITAS COUNTY
CONSERVATION DISTRICT

- PARCELS
SIS, KITHTAS COUNTY)
— PROPOSED PIPELINE

|

o

) %) 150
‘SCALEIN FEET

PLANINTENDED O JEVEWED
IN COLOR ADIAGINT MOk f5
e

NOTES
1. HORIZONTAL DIATUM:
WASHINGTON STATE PLANE SOUTH
ZONE, NORTH AMERICAN DATUM
OF 1963 (NADS3), LS, SURVEY FEET
2 VERTIGAL DATUM: NAVDSS
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'WHERE POSSIBLE, USE EXISTING
ROADS, /AYS, AND OTHER
ESTABLISHED ROUITES FOR ACCESS

. VERIFY STAGING AREAS WITH

. MAINTAIN STAGING AND ACCESS
ACCORDANCE WATHE THE
REQUIREMENTS FOR
BPA-SUPPORTED PROJECTS ON
D dlatazl GAA A

KITTITAS COUNTY
ANCHOR CONSERVATION DISTRICT

l

NOTES:

. HORIZONTAL DATUM:
WASHINGTON STATE PLANE SOUTH
IERICAN DA
OF 1983 BIADA3), US. SURVEY FEET

VERTICAL DATUM: NAVDSS

PLAN INTENDED 1O M VEEWED.
N CMOR, ADIACENT KLOCKES:
e -

5L WOT O

50% DESIGN:NOT FOR CONSTRUCTION
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NOTES
1. HORZONTAL DATUM;

RANCH ON SWAUK CREEK
IRRIGATION DIVERSION

CONSERVATION DISTRICT scur agvonp ‘TEMPORARY EROSKIN, SEDIMENT, AND
DA APTEMGERRO WATER CONTROL PLAN

KITTITAS COUNTY IMPROVEMENT AND RESTORATION

PARCELS (@15, KITTIVAS COUNTY)
— PROPOSED PPELINE
e CLEARING LMITS

160
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DATUM
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ZONE, NORTH AMERICAN
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e
{CESCL TO MANAGE TEMPORARY
‘THE PROJECT, THE NAMED PERSON OR FIRM SHALL BE ON-STTE OR ON-CALL AT ALL TIMES.
2 THEIMPLEMENTATION OF THESE TESC

col
VEGETATIOR/LANDSCAPING 15 ESTABLISHED.

1 THE CLEARING LIMIT ROUNDARIES SHALL BE CLEARLY RAGGED INTHE FELD PRIOR TO
CONSTRUCTION. DURING THE

>

THETESE FACAITES SHOWN ON THESE DRAWINGS MUST BE CONSTRUCTEDIN
ANDIN SUCH A MANNER AS
O EASURE AT SEEAME AND SEEIMENT.LADEN WATER DG NOT ENTER ANY DRARAGE
'SYSTEMS. STREAMS, OR SURFACE WATER BOLIES.

S THETESG FACIITIES SHOWN ON THESE DRAWINGS ARE THE MEVIMUM REQUIREMENTS FOR
ANTKIPATED SITE CONDTIONS. DURING THE CONSTRUCTION PERIOD, THESE TESC FACIITIES
SHALL BE UPGRADED AS STORM EVENTS AND TQ ENSURE THAT
SEDMENT AND: SEDIMENT-LADEN WATER DO NOT LEAVE THESITE

6 THETESC FACKITIES SHALL BEINSPECTED DAILY BY THE CONTRACTOR-AND MANTAINED,
'REPAIRED), OR AUGMENTED AS NECESSARY, TO ENSURE THEIR CONTINUED FUNCTIONING.

ONSTRUCTION SHALL BE INSTALLED AT THE BEGINNING OF
CONSTRUCTION AND MAINTAINED FOR THE DURATION OF THE PROJECT. ADDITIONAL
MUPSURE WET EEFECOMP TOMOUIE THAT AL RS AISIBARE (37 ClStYOF T
DURATION OF THE PROJECT.

L] mmnmmlmmwmmmmumwuﬁm
e s e e

REMAIN EXPOSED
FOR MORE THAN 10 DIAYS, SOILS SHALL lisrunmn'nem: OF THE

sHFrIEmEMnIBAVm
TION REGUI

DIFFERENT ST/

§ MomocToinl Jribles e 4 il conTRrCR ML TARS ADOICMAL CARET
LY DEMONSTRATE THAT QLEARING, GRADING, AND OTHER SOIL-DISTUREING
AnmsmlstounmmAwumnmmwn:ma

'SEDIMENT FROM THE CONSTRUICTION SITE TO RECEIVING WATERS.

10, SOILAND OTHER STOCKPILES MUST BE STABILIZED AND PROTECTED WITH
‘SEDIMENT-TRAPPING MEASURES.

1. ALL POLLUTANTS, INCLUDING WASTE MATERIALS AN DEMOLITICN DESRTS, THAT OCCUR ON
SITE DURING CONSTRUCTION SHALL BE HANDLED AND DISPUSED OF N A MANNER THAT
DOES NOT CAUSE CONTAMINATION OF STORMWATER.

12, MAINTENANGE AND REPAIR OF HEAVY EQUIPMENT AND VEHICLES AND OTHER ACTIVITIES
RS MAY RESULT N DISCHARGE OR SPRLAGE OF POLLUTANTS To THE GROLAD OR INTO

BE CONDLICTED USING SPLL

Kﬂ'.b‘s msmmwz REPORT ALLSHLIS TO91.

12, SATER Mok MOSS DIVETERI OO ONS SHALL JPCISARERD I ANADICENT D)
DR VACANT PROPERTY, AS APPROVED BY KCCD AND
mmmmmmamvm(mvmmmmmsm:
DRAINAGE CHANNELS FROM LTiNG FROM DEW?

ATIONS. uauu'mubnn:mwmmm DEWATERRG VATER SHAL BE HADLES
SEPARATELY FROM STORMWATER AND PROPERLY DISPOSED,

14, THE CONTRACTOR SHALL PRESERVE NATURAL LANDSCAPE, AND) PRESERVE AND PROTECH
EXISTING VEGETATION NOT REGUIRED OR OTHERWSE AUTHGRIZED TO BE REMIOVED, AS
OUTUNED IN THE SPEGFICATIONS.

15, REPAIR OR TREATINJUIRED TREES.
1, AND DISPOSE OF TAEES AND VEGETATION THAT ARE [NAURED OR

mwuwmmwmmmmmmmw
T SPEHCATINS REPUACE THE WOUHED TAEE o S8 A9 CRETED BY

R PERI I hIE

‘THE TESC PLAN DRAWINGS SHOWN ARE CONCEFTUAL THE 5 REQUIRED TO SUBMIT

DETAILED TESC PLANS AND A STORMWATER POLLUTION PREVENTION PLAN
SHPPPNICILTS REPNESENTATIE FOR VAL PEA T FRUREANENTS OF THE CONTRACT

THE CONTRACTOR 15 RESPONSIBLE FOR THE CARE AND DIVERSION OF WATER DURING
CONSTRUCTION [N ACCORRANCE WITH LOCAL STATE, AND FEDERAL WATER QUALITY STANDARDS
AND PROJECT PERMIT REQUIREMENTS.

SHALL BE TAKEN TO PREVENT ANY
COMCRETE OR BYPRODUCTS, ORL ANY DISCHARGE
mgwmnmmnmmmlmﬁmmowsmmmum
SURFACE WA

TESC IMPLEMENTATION AND MAINTENANCE SHALL COMPLY WITH ALL PROJECT PERMIT
REQUREMENTS.

5. THE CONTRACTOR SHALL EQUIPMENT OR STORE FUEL AT ELEVATIONS LOWER
mmmommmummmofmsmsmm oﬁsunmzmm
6 WASHING OF EQUIPMENT ON THE PROVECT Not
WRITING BY KCCD'S REPRESENTATIVE.
ZONSTRUCTION SEQUENCE

o e

»

SCHEDULE AND COMDIICT A m&cmuammm«:mmxcm,w:wmﬂm
‘SUB-CONTRACTOR SUPER THE CONTRACTOR'S

RISCHCTON RLPRESEUTATIVES TS MEETHS SHALL 35 HELD A MIAVUM OF 42 HOURE PRIGR
TO THE START OF WORK.

TREES TO REMAIN
CONSTRUCT STABILIZED CONSTRUCTION ENTRANCES.
NSTALL SILT FENGE.

COARIEIE UM MYD REMOTAL CF NGRS STRLCTUREL ARSI AR THE
ommam»(mwﬁ H SCREEN AND OTHER [RRIGATION EQUIPMENT TO BE

GNSTALL TEMPORARY WATER DIVER THE ISTING
STREAM.

| CHANNEL TO BE MODIFIED,

COMPLETE IN-CHANNEL WORK, ROCKAND
OTHER MATERAALS.

REMCVE TEMPORARY

NSTALL FISH SCREENING AND BPASS FACRUTIES.

NSTALL BELIVERY PPE AND APPURTENANCES.
BACIFILL TRENCHES
PIFEAND

COMPLETE SURFAZE REPAIR AND PLANTING

It 70 PREVENT SEDMENT

PROM iEAVING THE SITE
REMOVE TESC BMPS.
‘SEQUENCE SHALL BE ADAPTED, AS NEEDED, FOR OPTICNAL ITEMES INCLUDED DURING
QONSTRUCTION.

PLAN INTENDED TO BE VEWED
1 COXOR, ADICET BLOCK
e E—

]

TR
AT FULLSIZE, B NOT OME
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o

JOINTS IN FILTER FABRIC SHALL BE SPLICED
ATPOSTS. LISE STAPLES, WIRE RINGS, OR
EQUIVALENT TC ATTACH FABRIC T POSTS

- Dreapt”
J/ itsenmtanmm
2 X2 1 GA WIRE OR
EQUVALENT, IF

Do
Iuibing dering seedba Frapemon

CROWN THE ENTRANGE SO THAT 2° X 4" WOOD POSTS, STEEL FENCE e & X4™ TRECH BACGILL
RUNOFF DRAINS OFF THE PAD PROVIDE FULL WIDTH POSTS, REBAR. OR EQUIVALENT (TP} VATH NATIVE SOIL OR 347~ 1-172"
OF INGRESS/EGRESS AREA WASHED GRAVEL bingle-dop spkiond ence o b -
NoTe: nnmn-nh-mlm \
- Y -
{71y STABILIZED CONSTRUCTION ENTRANCE £\ SILT FENCE Presare o snd ecply seed bekere ‘
w AL, W wu y:nim CRR ::“ﬂg dai ll\dll' e /
SIaMLTD FILTER FASRIC FENCEINSTALLATION. SILT FENCE MAINTENANCE STANDURDS: ¥ v
1. QUARRY SPALLS [OR HOG FUEL) SHALL BE ADDEDI IF THE PAD % NO LONGER N ACCORDANCE WITH THE SPEGRICATIONS. - i
2 IF THE ENTRANKE IS NOT PREVENTING SEDIMENT FROM BEING TRACKED ONTO PAVEMENT, THEN AL TERNATIVE MEASLRES 1 T AODAMACE SLL BERPARED .

THE ENTRANCE, OR THE INSTALLATION OF A WHEEL WASH IF WASHING I5 USED, IT SHALL BE DONE ON 2 MAXIMUM SHEET OR OVERLAND FLOW PATH LENGTH 10 THEFENCE 100 fEET 2. IF CONGENTRATED FLOWS ARE N
AN AREA COVERED WITH CRUSHED ROCK. ASPHALT OR CONCRETE ANC WASHWATER SHALL DRAIN TO A SEDIMENT TRAP O A EVIDENT LPHILL OF THE PENCE,
OR POND. WHEEL WASH! {TER SHOULD STORM WATER OR DISCHARGED TO TER FABRIC: MIRAR 100X OR APPNOVED SQUIAL THEY MUST DEMNTERCEPTED AND ~
‘TR WATER FREATMENT SYSTEI 5 THERUTER FABRICSHALLBE PURGHASED A CONTELCUS BOULCUTTOTHE - CONVEIED TO A SEBIMEBNT TRAP s - b
* é&mnmmasm&ggﬁw&mmmnmghmlum INECESSARY, FILTER CLOTHSHALL BE SPLICED TOGETHER ONLY ATA SUFPORT 3. TS IPORTANT 10 CHECK THE ! ""'“....J.’"””"‘m""‘.f".f #
WASHING DOWN THE STREET, XCEPT WHEN SWEPING 55 xmwmmmﬂommlms POST, WITH A MENIMUM ECH L UPHRLL SICE OF THE FENCE FOR o T news B yewd ang sod —
NECESSARY TO WASH THE STREETS, SUMP SHALL [ SIGNS OF THE FENKE CLOGGING Fromey
6 POSTS SHALL 6 SPACED A MAXIMUM OF & FEET APARS AND DRVEN AND ACTING AS AJARNER TO A VROAADOR DACOMes.
4 CUARRY SPALLS THAT T N SECURELY INTO THE GROUND A MIIVUM OF 18 INCHES. AMINMUMDEFTH  FLOW AND THEN CAUSING 7 Grass-ined chamaie mith
IMMEDIATELY, OF 12 INCHES IS ALLOWED F TOPSOAL OR OTHER SOFT SOIL 5 NOT PRESENT CHANNELIZATION CF FLOWS ecembng 6 Rredc {2 erfsec) shwidd kud
H é TESTEAT AN e AMINIVUM DEPTH OF 18 INCHES CANNOT 6E FENCE PARALLEL 70 THE FENCE. IF THIS Rt ranorc ament et KOTTO SCALL
‘SHALL BE INSTALLED TO CONTROL VS AL B2 NCREASE THE FENCE 15 LOCATED ON OCCURS, REPLACE THE FENCE OR T N
T TS ALL DE EXCAVATED APPROXIMATELY § INCHES WICE AND 4 4 SEDW/GNT MUST BEREMOVED
INCHES DEEP ALONG THE UINE OF POSTS AND UPSICPE FROM THE RARRIER. WHEN THE SEDIMENT IS 6 INCHES
THE TRENCH SHALL BE CONSTRUCTED T0 FOULOW THE CONTOUR. HIGH APPUICATION NOTES:
& AWRE VESH SUPPORT FENCE SHALL BE FASTENED SECURELY TQ THE 5. I THE FLTER FABRK GEQTEXTLE)
UPSLOPE SIDE OF THE POSTS USING HEAVY-CUTY WIRE STAPLES AT LEAST 1 HAS DETERKORATED DUE TO . THE CONTRACTOR SHALL BE RESPONSIBLE FOR DAVERTING SWAUK CREEK DURING
™G INCH LONG, TIE WIRES OR HOG RINGS. THE WIRE SHALL EXTEND INTO THE ULTRAVIOLET SREAKDOWN, 17 COMPLETION OF IN-CHANNEL WORK. THIS DETAIL PROVIDES ONE:
TOP OF CREEX OR CANAL BANK TRENCH A MINIMUM OF 4 INCHES AND SHALL NOT BXTEHD MORE THAN 36 SHALL BE REMACED, FOR A TEMPORARY DIVERSION CHANNEL ALONG THE ALIGNMENT OF THE EXISTING
BOTTOM GF CREEK OR CANAL RANK INCHES ABOVE THE ORKGINAL GROUND SURFACE DITCH AND BYPASS. THE
/ 3. THE ALTER FABRIC SHALL BE WARED TO THE » 7 CHANNEL TO ACCOMMODATE THE FULL RANGE OF FLOWS.
FABRIC SHALL EXTEND INTO THE TRENCH. THE FABRIC SHALL NQT EXTEND ANTICIPATED WHILE THE TEMPORARY |
MORE THAN 36 ICHES ABOVE TVE GRIGRAL SUREACE. 2 LINE THE CHANNEL AS SHOWN WATH EROSION CONTROL
70, FILTER FABRIC SHALL NOT BE STAPLED TO EXISTING "AEES. OTHER TYPES OF BLANKETS AND GRASS OR WITH GECTEXTILE AND RIP-RAP TC PREVENT ERCEION OF
FAGRic it BE STAPLED 1O THEFENGE. e T OF SEDIMENT
3. THE CONTRACTOR MAY PROFCSE AN ALTERNATE METHOD OF CIVERTING FLOWS IN =
SWAUK CREEK DURING CONSTRUCTION. THE AL SHALL BE
A M SUBMITTED TO KITTITAS COUNTY CONSERVATION DISTRICT AS PART OF THE
ANCHOR PLASTIC WITH CONTRACTOR'S DIVERSION AND CONTROL OF WATER SUBMITTAL AND SHALL 8¢
t K] ——— oW STREAMBED BQULDERS APPROVED BY THE DISTRICT'S DESGNATED ENGINEER FRIOR TO IMPLEMENTATION.
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REGRADE BANK, INSTALL GRAVEL MEX
AND VEGETATE, SEE SPEIFICATIONS

REWORK LARGE ROLKS
THALWEG TO 6 INCHES OR LESS, SEE PROFILE

EXTENT OF TOROGRAPHIC SURVEY

REMOVE FIRST 20° GF FIPE, ABANDON
e

LEGEND:

220 DASTING CONTOURS. 1§P°
- 2018 UDAR 1° & 5'INTERVALS)
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2020 SURVEY 1" & 5'INTERVALS) o " 2
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0F 6° 70 8° OF BOULDER EXPOSED.
{1-TO 2-MAN BOULDER)

NOTES:

1

APPUIES'
STREAMBED BOULDERS AND HOT TG THOSE PLACED AS PART
OF THE LEADING EDGE OF THE ROCK RAMP,

SHALLRE
CONFIRMED IN THE FIELD WATH THE ENGINEER.

. LUPSTREAM EDGE OF ROCK RAMP . TYPICAL BOULDER PLACEMENT

EX BOULDER ON RIGHT
BANK OF

SWALK CREEK:
PEAX {100-YEAR FLOOL) WSEL —V—i \

kv
o AR WS ——C

11 8 HDPE DR 325 PIPE ——" e |

ey =
~.
E21m950 L

REMOVE THE 8° BYPASS
PIE AT EACH JOINT FOLLOWING BUTT-FUSION TO A
SMOOTH

ANY

. BYPASS QUTLET TO CREEK
G,

TOP 12" TO 18" OF BOLLDER
DXPOSED B- TO 5-MAN BOULDE

FISH SCREEN ANC: APPURTENANCES - WOPRW. L EYPASS PWELINE - THE CONTRACTOR SHALL RIRNISH
WILL FURN{SH AND INSTALL THE FISH SCREEN, AND INSTALL A 10°
PADDLE WHEEL AND APPURTENANCES

£

-REMOVE THE WELD BEAD ON THE INTERIGR OF

THE 6° BYPASS FIPE AT EACH JOINT FOLLOWING
BUTT-FUSION TO PROVIDE A SMOOTH INTEROR

WDPW WL PROVIDE & WELDED-STER. FIPE SR ACEIATHOMY ASY PCTRL SIOWS

GUTLET WITH A FLANGE FOR CONNECTION TO

AN 8-INCH HDPE FLANGE ADAPTER, [E=2,150.04 10" HDPE FLANGE ADAPTER

BLaN

. BYPASS CONNECTION TO FISH SCREEN

e
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KITTITAS COUNTY
CONSERVATION DISTRICT

MORE THAN THREE
POLES SHALL B

PREPARE AREAS

ARMENIACUS, CIRSHUM ARVENSE, JACOBAEA VULGARIS,
CENTAUREA STOEBE.

THE DORMANT

SEASON. POLES MUST BE A MENEAUM OF 2.5 INGHES IN

DIAMETER AND 8 FEET IN LENGTH AND ALL BRANCHES

WILL BE REMOVED, CUITS SHALL HAVE A STRAIGHT TOP
ABUD.

] BUTT
END SHALL BE AT A 45-DEGREE ANGLE. SPUIT STAKE
CUTTINGS SHAL BE REECTED.

STAKES SHALL BE DRIVEN BLITT END IN THE GROUNG TG
AMINMUM DEPTH OF  FEET. USE OF A WATERET
STINGER TO FACILITATE PLANTING 1S RECOMMENDED.
CUTTINGS SHALL BE KEPT MOIST AND IN SHADED

DAYS AFTER CUTTING OR DELIVERY.
 DRIVEN ON 10 FOOT CENTERS ORAT
IS ARDUND EXISTING TREES.

PARCELS
{GI5, KITNTAS COUNTY)

SUPPLEMENTAL COTIONWOOD
RIPARIAN PLANTINGS

SCALEIN FEET

GEMERAL NOTES:

1 HORZONTAL DATUM: WASHINGTON STATE
PLANE SOUTH ZONE, NORTH AMERICAN
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2 : NAVDSS
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DASTING GROUND

MOUND ANC DEPRESS
BACKALL TO ESTABLISH
MIN COVER AND MATCH
IGSTING GROUND

UMLESS OTHERWISE

THE ENGINEER.
IRUGATION VARSI T PUBLY, TP WAY AL B2
m—murﬁﬁﬂmmwmwwwuﬂss
THE DRAWNGS OR APPROVED: BY THE ENGINEER THE.
MAXIMLM COVER SHALL NOT BXCEED §TX FEET {6 LAILESS OTHERWISE
APPROVED BY THE ENGINEER

ShviatAx TYPICAL TRENCH SECTION NOTES:
1 COVER - MINIMUM COVER FOR ALL IRRIGATION MAJNS SHALL BE THIRTY

PLPE BECOING
MEET THE REQUIREMENTS ssawns-onzmc?mstmn
SPECIRCATIONS. IF EXCAVATED TRENCH UNSTABLE OR NOT

SONTATON A SXEAVATE TO A CEP RECORED Y THE
PAPE BEDDING IN

SELECT BACKALL (FIPE .0, + 6™ MIN)

ENGINEFR AND BACKALL WITH PIPE BECDING. PLACE

—~lrreon.s e mmle- 3
{FOR PIPE INSTALLED [N EX DITCH ALIGNMENT)

DISTING GROUND

MOUND AND DEPRESS
BACKFILL

VIPE BEDDANG (67 MIN) AN T
-1

SELECT BACKFRL - SELECT FALL SHALL AiSC MEET THE REQUIREMENTS OF
SO i) O § SSERme NS PLACE SECT

GF § INCHES ABOVE THE

ROV OF T FPE D COMPAT T 875 OF MAXEAA CRY DENSITY

MK - THE CONTRACTOR SHALL BACKFRL THE REMAINING PORTION

FINAL BACKFILL (VARIES) cwm'omvu»wwmvm
TRACER TAPE AND LOCATOR WARE - TRACER TAPE SHALL MEET THE

JREMENTS OF SECTION 9- 15 18 OF THE STANOARD SPECFICATIONS.
LOCATOR WARE SHALL BE 12 GA. COPPER MULTI-STRAND RHW, CERTIFED FOR
DIRECT BURIAL Mm1mmlw1mmmn&mw
ALONG THE ENTIRE PROFILE OF THE PPE.

SELECT BACKFILL PIPE OD. « 6 MIN

PIPE BEDDING 6™ MINY & SAFETY - L THE SAFETY OF
- . l— | WORKERS. THE AL |
PIPEQD, + 24°NIN INECESSARY SAFETY SYSTEMS TO PROTECT WORKERS FRCM SOML, ROCKS AN
DDEBRIS THAT MAY FALL INTC THE TRENCH.
AUGNMENT)
7 DISTING SOIL CONDITION R
THE ALIGNMENT OF THE PROPCSED PPELINE. THE CONTRACTOR
SHALL BE RESPONSIBLE FOR ASSESSING EXISTING SOIL CONCITIONS BEFORE
TRENCH EXCAVATION.
TYPICAL TRENCH SECTIONS
o
4" MIN CRUSHED ROCK OR 1° MIN
GRADE TO MATCH ADJACENT MATCH GRADE OF EXJSTING: ASPHALT, BLEND TO MATCH
‘GROUND SURFACE Y SURFACE 'DOSTING DRIVEWAY SURFACE

LL OATSIDE ROADWAY

OVER FIPE PER TYPICAL

ROADWAY

X DITCH FLOW UNE -\

X CULVERT (TO BE REMOVED)

NEW FIPEUNE /
E ; a TYPICAL CULVERT REMOVAL AND SURFACE REPAIR DETAIL
7

EX CULVERT T0 REMAIN

TRENCH DETALL, THIS CWG

amolrmwmz-\

NEW CPE OR HDPE PIPELINE

FILL ANNULAR:
INON-SHRINK GROUT. TYP
EACH END OF EX CLVERT

JER) TYPICAI. INSTALLATION IN EXISTING CULVERT

SEE TYPICAL TRENCH

SECTION FOR BACKFILL

REGLAREMENTS, THIS WG
10" X 3" HDPE TEE, BUTT-FUSED.

3° HDPE 45" BEND, BUTTHUSED

LOCATION TO BE CONRRMED WITH
JITTITAS SOUNTY CONSERVATION
DISTRICT PRIOR 7O INSTALLATION.

TRENCHING AND BACKFILL FOR ALL FIPE
SHALL BE PER THE TYPICAL TRENCH
SECTION ON THIS DRAWANG.

/"4 TYPICAL DRAIN VALVE
A

3" KW GATE VALVE
WITH BOX

PLANINTENDED 102 BEVWED

I COLOR, ADIACENT REXX b5
o -

ONRRH
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FISH SCREEN AND APPURTENANCES - WDFW

'WILL FURNISH AND INSTALL THE FISH SCREEN,
PADDLE WHEEL AND APPURTENANCES

=1

WDFW WL PROVIDE A WELDED-STEEL MPE DUTLET,
QONNECTED TO THE MODULAR FiSH

TO AT INSIGE THE BELL END
‘OF A 15{NCH CPE PIPE AT THE SAM INVERT ELEVATION
ASTHE INVERT OF THE FISH SCREEN

L
FURNISH ANDI INSTALL 15" # CPE FIPE FOR IRRIGATION

FURNISH AND INSTALL A FLEJSLE PIFE
chuNGAT CONNECTION WITH
FISH SCREEN PIPE OUTLET

. PIPE CONNECTION TO FISH SCREEN

48" 6 MANHOLE

RIM = 2.165.00
IE = 218404 N (B), 15" OE
IE = 2,183.15 OUT (S}, 10" CPE
IE o 2,184.02 OUT (W), 12° CPE

CONTROL MANHOLE NOTES:
1. MANHOLE COVER PROVDE A VENTED, mmnzmvmzmm
MANHOLE COVER THAT OPENS TO PROVIDE
oPENING DVEION O Anmnumoﬁ

WITHA
s\mAsumvnNaofM MANHOLE COVER O
ST CoNS B THOM DISTRICT FOR nm

~

GATE WATERMAN €-10 CANAL GATE OR APPROVED EQUAL

TRENCHING AND BACKFILL FOR ALL PIPE SHALL BE PER THE
mmn!mwmmmc«

. LOW CONTROL MANHOLE

n.AcEMNu'Des’a'lesmsmus

X CULVERT TAPERED END
SECTION (TYP, BOTH ENDS)
COF BACKALLIN

BX 3¢
r_a(mwmvsmncs.ﬂuvomn—-l

. TIL INSTALLATION AT HIGHWAY 97 CULVERT

PLAN INTENDED 10 B VIEWED
N COLOR, ADMWIENT BLOCKES
i

AV ELaE, 8

T
o
JNCH SCALE ACTORDINGLY
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107 SST PIPE HANGER, SPACED MR 8'O.C.
[

EXIRRIGATION PITCH

Ev217450
: —
SECTION A-A' ;

. PIPE INSTALLATION AT SWAUK CREEK BRIDGE

JE P T30

ELEV VARIES 217610 TO 217630 !

PLACE MINIMUM 12° DEEF 8" MINUS QUARRY SPALLS AT OUTLET
TO EXSTING DITCH, EXTEND UP DITCH BANK MINBMUM 12° ABOVE
PLACE FROM

PIPE QUTLET MINIMUM 5' DOWNSTREAM

E E a PIPE QUTLET AT EXISTING DITCH
L3,/ HE

P NTENDED 0 6 VEWED
I GDLOR ATIACTHT RO
e -

e
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Appendix C
Trust Water Right Analysis




The Ranch on Swauk Creek (The Ranch) currently has rights to divert up to 3.5 CFS of flow from Swauk
Creek between two diversions at RM 7.92 and 7.71. The current SRFB application for The Ranch
proposes to consolidate these diversion to the upper location. A detailed trust water analysis at this
location had previously not been defined which left some questions as to the possibility of dewatering
the creek between the diversions. After researching the water rights that affect diversion quantities at
the upper location, the likelihood of dewatering the creek between the diversions appears to be very
low. Justification for this conclusion is summarized below.

Summary of trust water rights at Swauk Creek RM 7.92 and in the upper watershed

Historic irrigation diversions from within the Swauk Creek watershed consist of one diversion from First
Creek, a left bank tributary to Swauk Creek at approximately RM 8.4 and two diversions from Swauk
Creek, which are the target of the current SRFB application. The First Creek diversion is located at
approximately RM 3.9. The water rights within the Swauk watershed have priority dates ranging from
Nov 2, 1877 to Oct 31 1889. The First Creek water rights are all from the 1877 date and have seniority
over all others. The water rights for the diversion at Swauk RM 7.92 & 7.71 are from 1878 junior only to
First Creek rights. Due to that fact, only water rights from 1877 and 1878 have an effect on trust water
passing the subject diversion and will be the only rights addressed in this summary.

Table 1 describes the water rights from 1877 and 1878. Appendix A provides greater detail for the
individual rights that make up each of the three columns in Table 1.

Priority Date 1877 1878 1878
Owner Suncadia/Roan The Ranch Suncadia
Purpose Instream/Mitigation Irrigation Instream
Creek First Swauk Swauk
April 3.23 3.50 91.15% 0.34
May 3.45 3.50 89.97% 0.39
June 3.51 3.50 89.74% 0.40
July 3.61 3.50 89.29% 0.42
August 3.55 3.50 89.74% 0.40
September 3.39 3.50 90.44% 0.37
October 3.04 3.50 91.86% 0.31
Table 1

Trust quantities are shown in cubic feet per second (CFS) and vary based upon the month of the
irrigation season. The 1877 trust water is composed of water from four different trust applications from
two owners and the 1878 trust and irrigation water is composed of water from five different
applications and two owners.

First Creek Trust Quantity

The amount of First Creek trust water is established at the point of diversion at RM 3.9 and is expected
to remaining within the system well below the Swauk Creek diversion at RM 7.92. The amount of trust
water may be adjusted if the flow within First Creek, as measured at the mouth, is below the trust
guantity in Table 1. At that point, the measured quantity is expected to pass the Swauk RM 7.92
diversion.Swauk Creek Trust Quantity




Due to identical priority dates and diversion locations for the irrigation and trust water from 1878, the
water within Swauk Creek is prorated to each use. The percentage of water diverted to The Ranch for
irrigation purposes is shown in Table 1.

Trust Calculation Scenarios

Due to flow variation within First and Swauk Creeks, the amount of trust water can be significantly
affected as low flows occur during the mid to later summer months. Below are potential flow scenarios,
but do not represent all possible combination of creek flows between First and Swauk Creeks. These
scenarios represent the most likely outcomes during periods of low flow.

1. Flow within First and Swauk Creeks are at or above the combined water quantities for trust
water and irrigation. Under this scenario, the full quantity of First Creek trust water and full
quantity of Swauk Creek trust water is expected to pass the Swauk RM 7,92 diversion. The full
guantity of irrigation water may be diverted from Swauk Creek.

2. Flow within First Creek is below the quantities listed in Table 1 while flow within Swauk Creek
remains at or above the combined 1878 quantities from Table 1 after subtracting First Creek
flows. Under this scenario, the trust water from First Creek is reduced to the flow quantity
measured at the mouth. This quantity plus the full Swauk trust quantity is expected to pass the
RM 7.92 diversion. The full quantity of irrigation rights can be diverted, but only provided by
Swauk Creek flows.

3. Flows within both First and Swauk Creeks are below the trust quantities and combined irrigation
and trust quantities, respectively, provided in Table 1. Under this scenario, the trust water from
First Creek is again reduced to the flow quantity measured at the mouth. The flow within Swauk
Creek is reduced by the quantity measured at First Creek and then prorated based upon the
percentages in Table 1. The full flow from First Creek is now considered trust water and
expected to pass RM 7.92 diversion while the Swauk trust water will be prorated per Table 1.
The quantity of irrigation water diverted is based on the prorated factor applied to Swauk Creek
flows only.

Minor changes in Swauk Creek flows may occur between the mouth of First Creek and the Swauk RM
7.92 diversion, but are assumed to insignificant in the above scenarios.

In-stream flows based on historical flow data

Starting in 2014, the DOE has been tracking flows at the mouth of First Creek and in Swauk Creek
immediately downstream of the confluence via remote gaging stations. Based upon those numbers and
applying the appropriate scenario described above, Table 2 shows how much trust water would have
been expected to pass the Swauk Creek RM 7.92 diversion.



Water (CFS) Passing Diversions Based on Trust Water & DOE Flow Stations
Month / Year 2014 2015 2016 2017 | 2018 2019
April 28.8 200.3 243.3 | 194.3 131.3
May No Data | 12.9 78.6 162.0 | 165.0 58.6
June 4.6 12.8 36.6 | 19.5 9.9
July 4.7 2.03 3.8 6.2 2.8 4.3
August 19 1.5 1.3 0.92 1.77
Sept 1.52 1.68 | No Data 0.96 1.01 1.69
Oct 1.7 2.9 5.7 2.01 | No Data

Table 2

The DOE stations and data can be found at the following web addresses.

Mouth of First Creek

https://fortress.wa.gov/ecy/eap/flows/station.asp?sta=395050

Swauk Creek below First Creek

https://fortress.wa.gov/ecy/eap/flows/station.asp?sta=39M130

If the proposed project is successfully implemented, including all piping, there is a possibility of
increasing existing trust water passing the Swauk RM 7.92 diversion by 0.25 CFS. Swauk Creek between
RM 7.92 and the confluence with the Yakima River may be flow limited based upon levels of yearly
precipitation. Additional trust water would improve the potential for minimizing those periods during

low water years.




Appendix A

Claimant Name New Suncadia LLC J.P. Roan New Suncadia LLC J.P. Roan
Claim # 00648 00648 00648 0648
Certificate # 54-84770-J $4-85121-) $4-85193-) $4-85197-J
Source First Creek First Creek First Creek First Creek
Use Instream flow & mitigation | Instream flow & mitigation | Instream flow & mitigation Instream flows
Period of Use April 1 thru Oct 15 April 1 thru Oct 15 April 1 thru Oct 15 April 1 thru Oct 15
Month

April 1.18 0.11 0.55 1.394

May 1.33 0.11 0.62 1.394

June 1.37 0.11 0.64 1.394

July 1.44 0.11 0.67 1.394
August 1.40 0.11 0.65 1.394
September 1.29 0.11 0.60 1.394
October 1.03 0.11 0.51 1.394
Priority Date

POD First Creek RM 3.2 First Creek RM 3.9 First Creek RM 3.9 First Creek RM 3.9




Claimant Name
Claim #

Certificate #

Source

Use

Period of Use

The Ranch on Swauk
01475

54-83887-)

Swauk Crk & Two
Wells

Irrigation 18.37 ac

April 1 thru Oct 31

The Ranch on Swauk
01475

S4-83890-)

Swauk Creek

Irrigation 78.4 ac &
Stockwater

April 1 thru Oct 31

The Ranch on Swauk
01475
$4-84343-)

Swauk Creek

Irrigation 19.8 ac &
Stockwater

April 1 thru Oct 31

New Suncadia LLC
01685
$4-83893-J
Swauk Creek
Instream flows

April 1 thru Oct 15

New Suncadia LLC
01685
54-85211-)
Swauk Creek
Instream flows

April 1 thru Oct 15

Month

April 1.50 2.00 1.50 0.23 0.11

May 1.50 2.00 1.50 0.26 0.13

June 1.50 2.00 1.50 0.27 0.13

July 1.50 2.00 1.50 0.28 0.14

August 1.50 2.00 1.50 0.27 0.13

September 1.50 2.00 1.50 0.25 0.12

October 1.50 2.00 1.50 0.21 0.10

Priority Date June 30, 1878 June 30, 1878 June 30, 1878 June 30, 1878 June 30, 1878
NW1/4, NW1/4, Sec

POD 27 Lower Diversion Upper Diversion Upper Diversion Upper Diversion




Appendix D
Swauk Creek Hydraulic Analysis




Kittitas Conservation District
The Ranch at Swauk Creek Diversion Improvement and Restoration Project

Existing Conditions

River Sta |Q Total |Manning n [Min Ch El |Max Chl Dpth |W.S. Elev |Vel Chnl [Shear Chan |Flow Area |Top Width |Froude # Chl
{cfs) (ft) (ft) (ft) {ft/s) {lb/sq ft)  |(sqft) (it}
7165.97 1180 0.045 2218.25 4.24 222249 4.65 0.84 309.51 172.07 0.45
7165.97 498 0.045 2218.25 3.27 2221.52 4.98 1.08 102.07 114.39 0.58
7165.97 356 0.045 2218.25 288 2221.13 4.32 0.86 82.86 93.22 0.55
7165.97 264 0.045 2218.25 2.59 2220.84 3.77 0.69 70.05 84.01 0.52
7165.97 4.6 0.045 2218.25 0.62 2218.87 0.81 0.06 5.71 19.95 0.27
7165.97 3.5 0.045 2218.25 0.57 2218.82 0.74 0.05 4.74 18.38 0.26
6877.12 1180 0.045 2216.21 3.45 2219.66 8.0% 2.6 150.57 78.42 0.82
6877.12 498 0.045 2216.21 2,22 221843 5.81 1.6 85.77 48.31 0.76
6877.12 356 0.045 2216.21 1.87 2218.08 5.16 1.35 68.93 47.09 0.75
6877.12 264 0.045 2216.21 1.58 2217.79 4.76 1.22 55.51 46.1 0.76
6877.12 4.6 0.045 2216.21 0.19 2216.4 1.87 0.42 2.46 22.61 1
6877.12 3.5 0.045 2216.21 0.17 2216.38 1.75 0.39 2 21.69 1.02
6650.42 1180 0.045 2213.29 3.75 2217.04 7.35 2.12 172.25 74.51 0.73
6650.42 498 0,045 2213.29 2.6 221589 5.11 1.19 98.14 51.81 0.63
6650.42 356 0.045 2213.29 2,24 2215.54 4.44 0.95 80.26 47.63 0.6
6650.42 264 0.045 2213.29 1.94 2215.23 3.99 0.8 66.14 43.96 0.57
6650.42 4.6 0.045 2213.29 0.28 221357 0.76 0.06 6.07 30.46 0.3
6650.42 3.5 0.045 2213.29 0.25 2213.54 0.67 0.05 5.23 30.32 0.28
6424.86 1180 0.045 2210.75 491 2215.66 5.88 1.25 227.01 84.8 0.52
6424.86 498 0.045 2210.75 3.21 221396 5.09 1.13 99.4 48.42 0.59
6424.86 356 0.045 2210.75 2.73 221348 4.6 0.99 77.62 44.08 0.6
6424.86 264 0.045 2210.75 235 2213.11 4.29 0.92 61.56 40.49 0.61
6424.86 4.6 0.045 2210.75 0.24 2210.99 2.14 0.51 2,15 15.42 1.01
6424.86 35 0.045 2210.75 0.21  2210.96 2.09 0.51 1.68 14.68 1.09
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1.67
0.16
0.14

4,94
3.26
2.78
2.25

0.4
0.36

5.02
3.18
2.61
2.16
0.25
0.23

4.76
3.13
2.66

2189.42
2189.4

2190.87
2189.16
2188.81
2188.59
2187.48
2187.45

2189.19
2187.64
2187.2
2186.73
2185.22
2185.2

2188.17
2186.49
2186.02
2185.48
2183.63
2183.59

2187.24

21854
2184.83
2184.38
2182.47
2182.45

2185.4
2183.77
2183.3

1.24
11

7.6
7.42
6.66
5.86
1.03
0.94

6.83
5.41
4.85
4.84
1.83

16

7.08
5.78
5.38
5.25
0.86
0.77

6.29
4.86
4.51
4.25
1.34
1.23

8.31
6.32
5.6

0.18
0.15

2.73
2.67
2.3
1.88
0.11
0.1

1.86
1.32
112

1.2
0.41
0.33

1.99
1.54
1.41

1.3
0.07
0.06

1.48
1.03
0.93
0.86
0.21
0.19

2.72
1.76
1.43

3.7
3.17

155.37
67.14
53.49
45.09

4.47
3.71

172.88
92
73.43
54.59
2.51
2.18

166.76
86.12
66.19
50.31

5.33
4.56

187.56
102.45
78.95
62.14
343
2.84

141,93
78.86
63.58

30.86
30.8

85.48
39.19
38.79
38.54
26.31
25.57

57.67
44.27

41.3
38.81
2421
23.88

53.12
43.31
38.94
26.97
21.43
21.32

48.1
43.16
38.95
34.19
28.62
28.21

43.36
34.03
30.68

0.63
0.61

0.99

0.95
0.44
0.44

0.69
0.66
0.64
0.72

0.94

0.7
0.72
0.73
0.68
0.31
0.29

0.57
0.56
0.56
0.56
0.68
0.68

0.81
0.73
0.69



4177.43
4177.43
4177.43

4050.15
4050.15
4050.15
4050.15
4050.15
4050.15

4019.45
4019.45
4019.45
4019.45
4019.45
4019.45

3985.98
3989.98
3989.98
3989.98
3989.98
3989.98

3957.3
3957.3
3957.3
3957.3
3957.3
3957.3

3929.03
3923.03

264
4.6
35

1180
498
356
264

4.6
3.5

1180
498
356
264

4.6
3.5

1180
498
356
264

4.6
3.5

1180
498
356
264

4.6
35

1180
498

0.045
0.045
0.045

0.045
0.045
0.045
0.045
0.045
0.045

0.045
0.045
0.045
0.045
0.045
0.045

0.045
0.045
0.045
0.045
0.045
0.045

0.045
0.045
0.045
0.045
0.045
0.045

0.045
0.045

2180.64
2180.64
2180.64

2179.81
2179.81
2179.81
2179.81
2179.81
2179.81

2179.46
2179.46
2179.46
2179.46
2179.46
2179.46

2179.22
2179.22
2179.22
2179.22
2179.22
2179.22

2178.47
2178.47
2178.47
2178.47
2178.47
2178.47

2177.38
2177.38

2.29
0.35
0.32

4.75

29
2.38
2,01
0.21
0.18

4.8
2.98
2.46
2.08
0.28
0.25

3.79
2.22
1.86
1.57
0.19
0.17

3.2
2.09
177
1.55

0.3
0.26

4.8
2.4

2182.93
2180.99
2180.96

2184.56
2182.71
2182.19
2181.82
2180.02
2179.99

2184.26
2182.44
2181.92
2181.54
2179.74
2179.71

2183.01
2181.44
2181.08
2180.79
2179.41
2179.39

2181.67
2180.56
2180.24
2180.02
2178.77
2178.73

2182.19
2179.78

5.01
0.9
0.8

6.52
5.04
4.57
4.16
1.02
0.92

6.87
5.25
4.73
4.28
0.92
0.84

10.06
7.93
6.96
6.25
1.27

11

11.46
7.95
6.92

1.37
132

6.62
7.68

1.19
0.08
0.06

1.54
1.09
0.96
0.84
0.11

0.1

1.74
1.19
1.03
0.89
0.08
0.07

3.94
2.94
2.39
203
0.17
0.14

5.43
3.03
243
1.92
0.2
0.2

1.61
2.92

52.69
5.1
4.36

188.73
99.22
77.97
63.53

4.52
3.79

172.93
94.83
75.27
61.66

4.19

119.27
62.79
51.14
42.25

3.63
3.18

103.71
62.65
51.43
44.02

3.37
2.66

191.8
64.84

28.46
22.19
22.12

58.16
42.31
39.75

37.7
29.48
29.39

47.09
38.61

37
36.09
26.92
26.51

40.27
32.62
31.51
30.56
24.31
24.21

39.34
34.97
34.49
34.18
21.29
20.56

63.74
40.12

0.65
0.33
0.32

0.57
0.57
0.57
0.56
0.46
0.45

0.61
0.59
0.58
0.58
0.38
0.37

0.97
1.01
0.96
0.94
0.58
0.53

121
1.05

0.93
0.6
0.65

0.58
1.07



3929.03
3925.03
3929.03
3929.03

3894.78
3894.78
3894.78
3894.78
3894.78
3894.78

3866.61
3866.61
3866.61
3866.61
3866.61
3866.61

3843.82
3843.82
3843.82
3843.82
3843.82
3843.82

3803.77
3803.77
3803.77
3803.77
3803.77
3803.77

3763.5

356
264
4.6
3.5

1180
498
356
264

4.6
3.5

1180
498
356
264

4.6
3.5

1180
493
356
264

4.6
35

1180
498
356
264

4.6
3.5

1180

0.045
0.045
0.045
0.045

0.045
0.045
0.045
0.045
0.045
0.045

0.045
0.045
0.045
0.045
0.045
0.045

0.045
0.045
0.045
0.045
0.045
0.045

0.045
0.045
0.045
0.045
0.045
0.045

0.045

2177.38
2177.38
2177.38
2177.38

2175.66
2175.66
2175.66
2175.66
2175.66
2175.66

2175.35
2175.35
2175.35
2175.35
2175.35
2175.35

2175.35
2175.35
2175.35
2175.35
2175.35
2175.35

2175.34
2175.34
2175.34
2175.34
2175.34
2175.34

2175.12

21
1.85
0.42
0.39

5.86
3.92
3.34
2.89
0.31
0.27

5.95
41
3.53
3.08
0.44
0.4

5.74
3.95

34
2.96
0.41
0.37

5.28
3.61

31
2.69
0.32
0.28

5.53

2179.48
2179.23

2177.8
2177.77

2181.52
2179.58

2179
2178.55
2175.97
2175.93

2181.3
2179.45
2178.88
2178.43

2175.8
2175.75

2181.08

2179.3
2178.75
2178.31
2175.76
2175.72

2180.62
2178.96
2178.44
2178.03
2175.66
2175.62

2180.66

6.71
6.11
2.54
2.24

8.36
5.94
5.26
4,77
2.06
1.99

8.28
5.49
4.71
4.14
0.74
0.65

8.32
5.52
4.73
4.13
0.62
0.53

8.75
5.86
5.05
4.486
0.93
0.84

6.94

2.35
2.08
0.65
0.51

2.35
1.39
1.16
1.02
0.47
0.47

2.29
1.16
0.91
0.74
0.04
0.04

2.38
1.21
0.94
0.74
0.03
0.02

2.67
1.38
1.09

0.9
0.08
0.07

1.66

53.06
43,18
1.81
1.56

151.37
87.22
69.73
56.58

2.23
1.75

149.86
92.54
76.36
64.11

6.25
5.36

146.21
90.28
75.21
63.89

7.47
6.6

141.38
85.85
70.87
59.26

4.92
4.17

183.25

38.9
38.55
9.8
8.56

35.55
30.84
29.43
28.32
15.32
15.23

33.28
29.11
27.67
26.48
18.31
18.19

33.95
28.26

26.6
25.23
19.28
19.18

36.15
30.03
28.52

275
20.17
20.09

47.82

1.01
1.02
1.04
0.92

0.65
0.59
0.57
0.57
0.95
1.04

0.63
0.51
0.48
0.46
0.22
0.21

0.65
0.54

0.5
0.46
0.17
0.16

0.71
0.59
0.56
0.53
0.33
0.33

0.55



3763.5
3763.5
3763.5
3763.5
3763.5

352045
3520.45
3520.45
3520.45
3520.45
3520.45

3328.42
3328.42
3328.42
3328.42
3328.42
3328.42

3027.98
3027.98
3027.98
3027.98
3027.98
3027.98

2983.9
2983.9
2983.9
2983.9
2983.9
2983.9

498
356
264
4.6
35

1180
498
356
264

4.6
35

1180
498
356
264

4.6
3.5

1180
498
356
264

4.6
3.5

1180
498
356
264

4.6
3.5

0.045
0.045
0.045
0.045
0.045

0.045
0.045
0.045
0.045
0.045
0.045

0.045
0.045
0.045
0.045
0.045
0.045

0.045
0.045
0.045
0.045
0.045
0.045

0.045
0.045
0.045
0.045
0.045
0.045

2175.12
2175.12
2175.12
2175.12
2175.12

2174
2174
2174
2174
2174
2174

2172.65
2172.65
2172.65
2172.65
2172.65
2172.65

2169.26
2169.26
2169.26
2169.26
2169.26
2169.26

2168.33
2168.33
2168.33
2168.33
2168.33
2168.33

3.66
311
2.69
0.35
0.31

4.72
3.17
2.66
2.27
0.33

0.3

4.47
3.03
2.55
2.19
0.23

0.2

3.67
2.3
196
1.69
0.3
0.26

3.2%
2.83
2.46
2.14
0.26
0.23

2178.78
2178.23
2177.81
2175.47
2175.43

2178.72
2177.17
2176.66
2176.27
2174.33

2174.3

2177.13
2175.68

2175.2
2174.84
2172.88
2172.85

2172.93
2171.56
2171.22
2170.96
2169.56
2169.52

2171.62
2171.16
2170.79
2170.47

2168.6
2168.56

5.16
4.59
4.12
0.83
0.75

7.76
531
4.68
4.21
0.85
0.76

7.86
5.66
4.93
4.36
111

9.72
7.54
6.63
5.92
1.18
1.06

10.41
5.44
4.76
4.32
241
2.29

1.06
0.89
0.75
0.06
0.05

2.15
117
0.97
0.83
0.07
0.06

2.21
1.32
1.06
0.88
0.13
0.11

3.66
2.63
217
1.84
0.13
0.12

4.59
134

11
0.95
0.59
0.55

101.77
80.94
65.94

5.52
4.69

159.93
94.34
76.09
62.73

5.41
4.58

174.58
90.28
731
60.89
4.16
3.49

127.86
67.61
54.17
44.59

3.9
3.29

115.32
92.04
74.82
61.04

191
1.53

39.25
36.57
34.36
22.73
22.68

51.16

36.8
34.77
33.35
25.29
25.12

75.31
38.25
34.76
33.11
23.94
23.76

46.27

41
38.46
34.15
18.91
18.29

51.97
48.23
45.1
42
10.61
9.52

0.51
0.49
0.47

0.3
0.29

0.66
0.57
0.55
0.54
0.32
0.32

0.68

0.6
0.57
0.55
0.47
0.46

0.95
0.96
0.93
0.91
0.46
0.44

116
0.67
0.65
0.63

1.01



2823.31
2823.31
2823.31
2823.31
2823.31
2823.31

2472.76
2472.76
2472.76
2472.76
2472.76
2472.76

2151.63
2151.63
2151.63
2151.63
2151.63
2151.63

1781.43
1781.43
1781.43
1781.43
1781.43
1781.43

1289.9
1289.9
1289.9
1289.9
1289.9
1289.9

1180
498
356
264

4.6
3.5

1180
498
356
264

4.6
3.5

1180
498
356
264

4.6
35

1180
498
356
264

4.6
3.5

1180
498
356
264

4.6
35

0.045
0.045
0.045
0.045
0.045
0.045

0.045
0.045
0.045
0.045
0.045
0.045

0.045
0.045
0.045
0.045
0.045
0.045

0.045
0.045
0.045
0.045
0.045
0.045

0.045
0.045
0.045
0.045
0.045
0.045

2166.92
2166.92
2166.92
2166.92
2166.92
2166.92

2164.51
2164.51
2164.51
2164.51
2164.51
2164.51

2159.74
2159.74
2159.74
2159.74
2159.74
2159.74

2155.44
2155.44
2155.44
2155.44
2155.44
2155.44

2149.26
2149.26
2149.26
2149.26
2149.26
2149.26

4.28
3.23
2.88
2.57
0.47
0.43

2.91
178
1.47
1.25
0.18
0.16

3.5
2.3
2.05
1.83
0.4
0.34

3.06
2.09
1.65

1.4
0.23
0.21

3.75
2.26
1.98

1.7
0.28
0.26

2171.2
2170.15
2169.8
2169.49
2167.38
2167.35

2167.42
2166.29
2165.98
2165.77
2164.69
2164.67

2163.24
2162.04
2161.79
2161.57
2160.14
2160.08

2158.5
2157.53
2157.09
2156.84
2155.67
2155.65

2153.01
2151.52
2151.24
2150.96
2149.54
2149.52

541
4.07
3.52
3.15
0.72
0.64

8.05
6.55
6.03
5.51
1.77
1.68

5.21
3.99
3.38
3.01
0.88
0.87

8.71
6.02
5.87
5.39
1.71
1.63

6.54
4.92
4.08
3.62
0.69
0.62

112
0.72
0.57
0.48
0.05
0.04

2.73
2.19
2.01
1.77
0.39
0.38

11
0.78
0.59
0.49
0.07
0.07

3.22
1.78
1.84
i.64
0.36
0.34

1.63
1.11

0.8
0.66
0.05
0.04

261.93
129.73
103.11
84.88
6.43
5.47

156.47
76.75
59.11
47.91

2.61
2.08

242.45
126.75
106.14
88.3
5.24

4

136.98
82.79
60.63
48.94

2.69
2.15

183.09
101.42
87.32
73.02
6.64
5.65

140.81
91.42
62.57
55.95
24.04
23.53

80.21
57.91
54.37
49.93
27.88

27.1

148
84.31
81.36
78.73
22.85
17.23

59.9
52.11
48.41

46.3
26.55
23.76

56.93
52.12

511
50.06
43.14
42.86

0.52
0.48
0.45
0.43
0.24
0.23

0.89
0.97
1.01
0.99
1.02
1.07

0.55
0.55
0.51
0.49
0.32
0.32

0.97
0.84
0.92
0.93
0.95
0.96

0.62
0.62
0.55
0.53
0.31

0.3



1002.97
1002.97
1002.97
1002.97
1002.97
1002.97

719.85
719.85
719.85
719.85
719.85
719.85

460
460
460
460
460
460

135.22
135.22
135.22
135.22
135.22
135.22

1180
498
356
264

4.6
35

1180
498
356
264

4.6
35

1180
498
356
264

4.6
35

1180
498
356
264

4.6
3.5

0.045
0.045
0.045
0.045
0.045
0.045

0.045
0.045
0.045
0.045
0.045
0.045

0.045
0.045
0.045
0.045
0.045
0.045

0.045
0.045
0.045
0.045
0.045
0.045

2145.6
2145.6
2145.6
2145.6
2145.6
2145.6

214291
2142.91
214291
2142.91
214291
214291

2141.32
2141.32
2141.32
2141.32
2141.32
2141.32

2134.32
2134.32
2134.32
2134.32
2134.32
2134.32

3.24
2.23
1.69
1.42

0.2
0.18

3.66
2.38
2.23
1.97
0.29
0.25

2.12
1.63
112
0.97
0.21
0.19

2.99
2.56
2.69
2.48
0.96

0.9

2148.84
2147.83
2147.29
2147.02

2145.8
2145.78

2146.57
2145.29
2145.14
2144.88

2143.2
2143.16

2143.44
2142.95
2142.44
2142.29
2141.53
2141.51

2137.31
2136.88
2137.01

2136.8
2135.28
2135.23

10

9.32
6.19
6.25
5.74
1.73

1.6

5.25
4.03
3.14
2.75
0.58
0.52

7.55
4.44
5.12
4.66
1.43
1.33

4.39

5.8
3.71
3.31
1.54
141

3.56
1.81
2.03
1.82
0.38
0.34

1.08
0.76
0.47
0.38
0.03
0.03

2.68
1.03
16
1.4
0.27
0.24

0.96
1.88
0.74
0.63

0.2
0.17

127.79
80.51
56.92
45.96

2.66
2.19

241.68
124.68
114.14
96.11
7.96
6.72

159.61
112.98
69.53
56.71
3.23
2.64

269.52
85.86
96.09
79.78

3
2.49

49.29

44.6
41.91
40.59
28.02
27.17

104.26
71.42
70.07
67.41
36.42
35.27

135.2
89.89
83.67
81.06
38.56
35.58

178.9
162.73
164.62
161.69

3941

38.34

0.98
0.81
0.95
0.95
0.99

0.52
0.52
0.42

0.4
0.22
0.21

0.99
0.68
0.99
0.98
0.87
0.86

0.62
0.98

0.6
0.58
0.48
0.47



Kittitas Conservation District
The Ranch at Swauk Creek Diversion Improvement and Restoration Project

Proposed Conditions

River Sta |QTotal [Manning n [Min Ch El |Max Chi Dpth |W.S. Elev [Vel Chnl |[Shear Chan |Flow Area |[Top Width |Froude # Chl
{cfs) (ft) (ft) (ft) {ft/s) {lb/sqft)  |{sqft) (ft)
7165.97 1180 0.045| 2218.25 4.24| 2222.49 4.65 0.84 309.59 172.08 0.45
7165.97 498 0.045| 2218.25 3.27| 2221.52 4.99 1.08 102.03 114.33 0.58
7165.97 356 0.045| 2218.25 2.88| 2221.13 4.33 0.87 82.69 93.11 0.55
7165.97 264 0.045| 2218.25 2,59| 2220.84 3.79 0.7 69.77 83.79 0.52
7165.97 4.6 0.045| 2218.25 0.62| 2218.87 0.81 0.06 5.71 19.95 0.27
7165.97 3.5 0.045| 2218.25 0.57| 2218.82 0.74 0.05 4.74 18.38 0.26
6877.12 1180 0.045| 2216.21 3.45| 2219.66 8.09 2.6 150.48 78.37 0.82
6877.12 498 0.045| 2216.21 2.22| 221844 5.81 1.59 85.84 48.31 0.76
6877.12 356 0.045| 2216.21 1.88| 2218.09 5.14 1.34 69.23 47.11 0.75
6877.12 264 0.045| 2216.21 1.59 2217.8 4.72 1.2 55.93 46.13 0.76
6877.12 4.6 0.045| 2216.21 0.19 2216.4 1.87 0.42 2.46 22.61 1
6877.12 35 0.045| 2216.21 0.17| 2216.38 1.75 0.39 2 21.69 1.02
6650.42 1180 0.045| 2213.29 3.75] 2217.04 7.35 2.11 172.38 74.53 0.72
6650.42 498 0.045| 2213.29 2.6|] 2215.89 5.12 1.19 97.9 51.78 0.63
6650.42 356 0.045| 2213.29 2.23] 2215.53 4.46 0.96 79.79 47.5 0.61
6650.42 264 0.045| 2213.29 1.92| 2215.21 4.03 0.82 65.5 43.84 0.58
6650.42 4.6 0.045| 2213.29 0.28| 2213.57 0.76 0.06 6.07 30.46 0.3
6650.42 3.5 0.045| 2213.29 0.25| 2213.54 0.67 0.05 5.23 30.32 0.28
6424.86 1180 0.045| 2210.75 49| 2215.65 5.89 1.26 226.35 84.74 0.52
6424.86 498 0.045| 2210.75 3.22| 2213.97 5.06 1.11 100.03 48.57 0.58
6424.86 356 0.045| 2210.75 2.75 2213.5 4.56 0.97 78.44 44.25 0.59
6424.86 264 0.045| 2210.75 2.38| 2213.13 4.21 0.88 62.67 40.75 0.6
6424.86 4.6 0.045| 2210.75 0.24| 2210.99 214 0.51 2.15 15.42 1.01
6424.86 3.5 0.045| 2210.75 0.21| 2210.96 2.09 0.51 1.68 14.68 1.09

1"




6259.81| 1180 0.045 2209.7 4.25( 2213.95 8 2.37 151.94 46.24 0.73
6259.81 498 0.045 2209.7 3.35| 2213.05 4.49 0.82 112.33 42.52 0.47
6259.81 356 0.045 2209.7 298| 2212.68 3.7 0.58 96.81 40.95 0.41
6259.81 264 0.045 2209.7 2.67| 2212.37 3.13 0.44 84.37 39.6 0.37
6259.81 4.6 0.045 2209.7 0.51| 2210.21 0.48 0.02 9.54 28.84 0.15
6259.81 3.5 0.045 2209.7 0.46| 2210.16 0.42 0.02 8.28 28.58 0.14
6079.35| 1180 0.045| 2209.43 2.62| 2212.05 6.19 1.77 221.27 194.05 0.79
6079.35 498 0.045| 2209.43 1.74| 2211.17 5.64 1.8 89.08 88.9 0.98
6079.35 356 0.045 2209.43 1.52| 2210.95 5.15 1.63 69.54 87.34 1.01
6079.35 264 0.045| 2209.43 1.35| 2210.78 4.79 1.48 55.31 80.45 1.01
6079.35 4.6 0.045| 2208.43 0.21| 2209.64 1.62 0.33 2.83 30.53 0.94
6079.35 3.5 0.045| 2209.43 0.19| 2209.62 1.54 0.32 2.28 30.21 0.99
5902.35| 1180 0.045| 2205.98 3.45| 2209.43 5.23 1.13 257.89 148.45 0.56
5902.35 498 0.045| 2205.98 2.57| 2208.55 3.88 0.71 141.77 113.12 0.51
5802.35 356 0.045 2205.98 2.25| 2208.23 3.57 0.63 108.36 98.42 0.51
5902.35 264 0.045| 2205.98 2.03] 2208.01 3.17 0.52 88.1 85.71 0.48
5802.35 4.6 0.045 2205.98 0.53| 2206.51 0.58 0.03 7.86 32.19 0.21
5902.35 3.5 0.045 2205.98 0.48| 2206.46 0.54 0.03 6.53 30.21 0.2
5773.55| 1180 0.045| 2205.46 2.07| 2207.53 6.9 2.34 171.97 112.7 0.97
5773.55 498 0.045| 2205.46 1.39| 2206.85 5.09 1.53 97.76 106.67 0.94
5773.55 356 0.045| 2205.46 1.28| 2206.74 4.14 1.05 85.9 105.37 0.81
5773.55 264 0.045| 2205.46 1.13] 2206.59 3.79 0.94 69.65 103.63 0.82
5773.55 4.6 0.045| 2205.46 0.23| 2205.69 1.86 0.43 247 24.36 1.03
5773.55 3.5 0.045| 2205.46 0.21| 2205.67 1.82 0.4 1.92 18.74 1
5598.93| 1180 0.045| 2201.13 3.35| 2204.48 7.13 2.11 167.65 71.03 0.78
5598.93 498 0.045| 2201.13 2.22| 2203.35 5.3 1.41 94.03 63.34 0.76
5598.93 356 0.045| 2201.13 1.84| 2202.97 5.08 1.43 70.02 62.71 0.85
5598.93 264 0.045| 2201.13 1.65| 2202.78 4.54 1.2 58.18 60.32 0.81
5598.93 4.6 0.045 2201.13 0.31] 2201.44 1.04 0.11 4.41 22.22 0.41
5598.93 3.5 0.045| 2201.13 0.28| 2201.41 0.92 0.09 3.79 21.39 0.39
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5245.6| 1180 0.045| 2194.98 4.71| 2199.69 8.91 2.88 150.63 95.19 0.78

5245.6 498 0.045| 2194.98 3.05| 2198.03 6.7 1.94 74.44 31.92 0.76

5245.6 356 0.045| 2194.98 2.73| 2197.71 5.53 1.39 64.35 30.68 0.67

5245.6 264 0.045 2194.98 2.25| 2197.23 5.25 1.32 50.24 28.11 0.69

5245.6 4.6 0.045 2194.98 0.22 2195.2 1.94 0.43 2.37 18.48 0.95

5245.6 3.5 0.045| 2194.98 0.19( 2195.17 1.88 0.43 1.86 18.33 1.04
5069.13 1180 0.045| 2152.22 3.96| 2196.19 11.6 5.17 130.38 82.98 1.09
5069.13 498 0.045 2192.22 3.17| 2195.39 7.6 2.41 75.01 53.39 0.81
5069.13 356 0.045 2192.22 2.59| 2194.81 7.35 2.44 50.66 33.85 0.88
5069.13 264 0.045| 2192.22 2.34| 2194.56 6.27 1.85 42.71 28.97 0.8
5069.13 4.6 0.045| 2192.22 0.61| 2192.83 0.62 0.03 7.41 18.01 0.17
5069.13 3.5 0.045| 2192.22 0.57| 2192.79 0.53 0.02 6.63 17.69 0.15
5043.89| 1180 0.045| 2192.55 4.01| 2196.56 7.39 2.03 178.6 66.78 0.67
5043.89 498 0.045| 2192.55 2.64| 2195.19 5.74 1.43 93.62 55.88 0.65
5043.89 356 0.045| 2192.55 2.16| 21%4.71 5.37 1.34 68.64 46.01 0.68
5043.89 264 0.045| 2192.55 1.8] 2194.35 4.95 1.22 53.44 36.72 0.69
5043.89 4.6 0.045| 2192.55 0.13| 2192.68 1.88 0.44 245 25.42 1.07
5043.89 3.5 0.045| 2192.55 0.12| 2192.67 1.64 0.35 2.13 25.37 1
4997.51| 1180 0.045| 2191.29 5.15| 2196.44 5.94 1.23 218.98 71.9 0.48
4997.51 498 0.045| 2191.29 3.9] 2195.19 3.6 0.5 144.04 52.86 0.34
4997.51 356 0.045| 2191.29 3.43| 2194.72 3.03 0.37 120.37 49.24 0.31
4997.51 264 0.045| 2191.29 3.08| 2194.37 2,56 0.28 103.9 42.86 0.28
4997.51 4.6 0.045| 2191.29 0.83] 2192.12 0.26 0.01 17.5 35.83 0.07
4997.51 3.5 0.045 2191.29 0.74| 2192.03 0.24 0 14.5 35.67 0.07
4969.06| 1180 0.045| 2189.69 6.77| 2196.46 5 0.81 265.81 65.13 0.36
4969.06 498 0.045| 2189.69 5.5/ 2195.19 2.85 0.29 189.93 55.52 0.23
4969.06 356 0.045| 2189.69 5.04| 2194.73 2.32 0.19 164.62 52.94 0.2
4969.06 264 0.045| 2189.69 4.68| 21594.37 19 0.13 147.15 46.93 0.17
4969.06 4.6 0.045| 2189.69 2.43] 219212 0.08 0 55.04 35.52 0.01




4969.06|  3.5| 0.045| 2189.69| 234 219203  0.07] 0| 52.08| 35.18] 0.01
4965.06] 1180 0.045] 21915 3.96] 2195.46 9.27 3.47] 13552 57.12 0.96
4965.06| 498 0.045| 21915 3.41| 219491 5.02 1.09]  104.93 54.61 0.58
4965.06] 356 0.045| 21915 2.98| 2194.48 451 0.94 82.31 49.82 0.58
4965.06| 264 0.045| 21915 264] 2194.15 4.14 0.85 66.11 48.16 0.58
4965.06] 4.6 0.045| 21915 0.55| 2192.05 1.95 03 2.36 5.97 0.55
4965.06] 3.5 0.045] 21915 048] 219198 1.82 0.27 1.93 5.5 0.54
4943.6] 1180 0.045 2191 4.82] 2195.42 7.01 193] 17536 61.95 0.7
4943.6] 498 0.045 2191 3.54] 2194.14 7.39 2.55 69.49 42.28 0.95
4943.6] 356 0.045 2191 3.17| 2193.78 6.68 2.24 54.34 39.97 0.96
4943.6] 264 0.045 2191 2.95] 2193.55 5.89 1.85 45.37 38.54 0.92
49436] 46 0.045 2191 0.94] 219154 3.02 0.75 1.52 4.4 0.9
49436 35 0.045 2191 0.88| 219148 2.77 0.66 1.26 4.04 0.87
4908.09] 1180 0.045 2190.07 4.8 2194.39 8.83 3.31] 13488 56.27 0.99
4908.09] 498 0.045| 2190.07 3.43] 2193.02 7.8 3.15 63.94 47.17 117
4908.09] 356 0.045| 2190.07 3.22| 2192.81 6.56 2.33 54.29 45.79 1.06
4908.09| 264 0.045| 2190.07 3.03| 2192.62 5.75 1.88 45.89 44.56 1
4908.09] 46 0.045| 2190.07 115 2190.74 2.28 0.41 2.02 5.02 0.63
4908.09] 3.5 0.045| 2190.07 1.07| 2190.66 2.16 0.38 1.62 4.52 0.64
4871.2] 1180 0.045| 2189.43 4.19] 2193.62 7.11 191 17139 56.93 0.66
4871.2| 498 0.045| 2189.43 271 2192.14 5.22 123 95.38 46.13 0.64
48712 356 0.045| 2189.43 2.22| 2191.65 4.84 113 73.57 42.84 0.65
4871.2| 264 0.045| 2189.43 184] 2191.27 4.59 1.08 57.56 40.24 0.68
48712 46 0.045| 2189.43 0.2| 218963 2.12 0.53 2.17 18.36 1.09
48712 35 0.045| 2189.43 0.18] 2189.61 1.79 0.38 1.96 17.63 0.95
484725] 1180 0.045] 2189.05 4.72] 219377 4.95 0.89 246.2 73.94 0.44
484725 498 0.045| 2189.05 3.11] 2192.16 3.57 0.55| 13958 59.53 0.41
4847.25] 356 0.045| 2189.05 259] 219165 3.24 0.48]  109.85 55.14 0.4
4847.25| 264 0.045| 2189.05 2.19] 2191.24 3 0.43 88.13 51.69 0.4
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4847.25 4.6 0.045| 2189.05 0.34| 2189.39 0.65 0.04 7.03 35.97 0.26
4847.25 3.5 0.045| 2188.05 0.31] 2189.36 0.58 0.03 6.04 35.73 0.25
4775.33| 1180 0.045| 2188.71 4.09] 2192.71 8.1 2.46 163.48 73.67 0.74
4775.33 498 0.045| 2188.71 2.82| 2191.44 5.62 1.36 89.26 38.79 0.63
4775.33 356 0.045| 2188.71 2.39] 2191.01 4.87 1.09 73.19 36.08 0.6
4775.33 264 0.045| 2188.71 2.03] 2190.65 4.35 0.91 60.68 33.95 0.57
4775.33 4.6 0.045| 2188.71 0.33| 2188.95 1.01 0.11 4.55 30.96 0.46
4775.33 3.5 0.045( 2188.71 0.3] 2188.92 0.93 0.1 3.75 30.87 0.47
4646.06| 1180 0.045| 2187.16 3.53] 2190.69 8.92 3.16 141.2 68.53 0.88
4646.06 498 0.045| 2187.16 2| 2189.16 7.42 2.68 67.08 39.18 1
4646.06 356 0.045| 2187.16 1.66| 2188.82 6.6 2.26 53.92 38.8 0.99
4646.06 264 0,045| 2187.16 1.43| 2188.59 5.86 1.88 45.09 38.54 0.95
4646.06 4.6 0.045| 2187.16 0.32| 2187.48 1.04 0.11 4.41 26.25 0.45
4646.06 3.5 0.045| 2187.16 0.29| 2187.45 0.92 0.09 3.8 25.67 0.42
4540.24| 1180 0.045| 2185.06 3.94 2189 7.62 2.2 161.67 56.71 0.72
4540.24 498 0.045| 2185.06 2.55| 2187.61 5.49 1.35 90.89 44.06 0.66
4540.24 356 0.045| 2185.06 2.14 2187.2 4.85 1.12 73.45 41.31 0.64
4540.24 264 0.045| 2185.06 1.67| 2186.73 4.84 1.2 54.59 38.81 0.72
4540.24 4.6 0.045| 2185.06 0.16| 2185.22 1.77 0.38 2.6 24.3 0.95
4540.24 3.5 0.045| 2185.06 0.14 2185.2 1.72 0.38 2.04 23.74 1.04
4447.62| 1180 0.045| 2183.23 4.77 2188 7.71 2.26 157.77 52.02 0.72
4447.62 498 0.045| 2183.23 3.24] 2186.48 5.84 1.56 85.37 43.21 0.72
4447.62 356 0.045| 2183.23 2.78] 2186.02 5.38 1.41 66.2 38.97 0.73
4447.62 264 0.045| 2183.23 2.25| 2185.48 5.25 1.3 50.31 26.97 0.68
4447.62 4.6 0.045| 2183.23 0.4] 2183.64 0.83 0.06 5.51 21.46 0.29
4447.62 3.5 0.045| 2183.23 0.37 2183.6 0.74 0.05 4.75 21.35 0.28
4321.17| 1180 0.045| 2182.22 4.93] 2187.15 6.59 1.56 183.16 48.83 0.57
4321.17 498 0.045| 2182.22 3.16] 2185.38 4,92 1.05 101.29 43.03 0.56
4321.17 356 0.045| 2182.22 2.61| 2184.83 4.51 0.93 78.96 38.95 0.56




4321.17 264 0.045| 2182.22 2.16| 2184.38 4.25 0.86 62.17 34.2 0.56
4321.17 4.6 0.045| 2182.22 0.23| 218245 1.49 0.27 3.08 28.42 0.8
4321.17 3.5 0.045| 2182.22 0.21| 2182.43 1.42 0.26 2.47 27.64 0.84
4177.43| 1180 0.045| 2180.64 4.6| 2185.24 9.11 3.07 135.05 42.38 0.81
4177.43 498 0.045| 2180.64 3.1] 2183.74 6.41 1.78 77.9 33.84 0.72
4177.43 356 0.045| 2180.64 2.66 2183.3 5.6 1.44 63.54 30.67 0.69
4177.43 264 0.045| 2180.64 2.29| 218293 5.02 1.2 52.6 28.45 0.65
4177.43 4.6 0.045| 2180.64 0.36 2181 0.86 0.07 5.34 22.21 0.31
4177.43 3.5 0.045| 2180.64 0.33| 2180.97 0.77 0.06 4.57 22.14 0.3
4050.15| 1180 0.045( 2179.81 4.74| 2184.55 6.54 1.55 188.17 59.03 0.57
4050.15 498 0.045| 2179.81 29| 2182.71 5.05 1.1 95.01 42.29 0.57
4050.15 356 0.045| 2179.81 2.39 2182.2 4.55 0.95 78.32 39.79 0.57
4050.15 264 0.045| 2179.81 2.02| 2181.83 4.13 0.83 63.91 37.75 0.56
4050.15 4.6 0.045( 2179.81 0.19 2180 1.12 0.14 4.11 29.43 0.53
4050.15 3.5 0.045( 2179.81 0.17| 2179.98 1.02 0.12 3.43 29.35 0.53
4019.45| 1180 0.045| 2179.46 4.75| 2184.21 7.08 1.81 170.64 46.86 0.61
4019.45 498 0.045| 2179.46 2.97| 218243 5.26 1.19 94.63 38.59 0.59
4019.45 356 0.045| 2179.46 2.47| 2181.93 4.69 1.01 75.88 37.04 0.58
4019.45 264 0.045( 2179.46 2.11| 2181.57 4.23 0.86 62.43 36.15 0.57
4019.45 4.6 0.045| 2179.46 0.31]| 2179.77 0.79 0.06 5.81 27.32 0.3
4019.45 3.5 0.045| 2179.46 0.27| 2179.73 0.73 0.05 4.82 26.83 0.3
3989.98| 1180 0.045| 2179.22 3.79| 2183.01 10.06 3.94 119.27 40.27 0.97
3989.98 498 0.045| 2179.22 2.22| 2181.44 7.93 2.93 62.8 32.62 1.01
3989.98 356 0.045| 2179.22 1.81] 2181.03 7.17 2.56 49.63 31.36 1.01
3989.98 264 0.045| 2179.22 1.5| 2180.72 6.57 2.27 40.19 30.12 1
3989.98 4.6 0.045( 2179.22 0.13| 2179.35 2.03 0.52 2.26 23.98 1.17
3989.98 3.5 0.045| 2179.22 0.12| 2179.34 1.68 0.36 2.08 23.94 1

3957.3| 1180 0.045| 2177.27 3.29| 2180.56 13.58 7.96 86.91 34.97 1.52

3957.3 498 0.045| 2177.27 2.15| 2179.42 10.42 5.57 47.8 33.28 1.53




3957.3] 356 0.045| 2177.27 1.86] 2179.14 9.27 4.71 38.42 32.85 151

3957.3] 264 0.045| 2177.27 1.66| 2178.93 8.29 4 31.83 32.53 1.48

3957.3 4.6 0.045| 2177.27 0.29| 2177.56 1.75 0.31 2.63 14.74 0.73

3957.3 3.5 0.045 2177.27 0.26] 2177.53 16 0.27 2.19 14.35 0.72
3929.03] 1180 0.045| 2176.05 6.12] 2182.17 5.51 1.04]  229.68 63.67 0.44
3929.03] 498 0.045| 2176.05 3.75] 2179.8 4.76 0.96]  104.67 40.23 0.52
3929.03| 356 0.045| 2176.05 31| 2179.16 4.49 0.92 79.36 38.46 0.55
3920.03] 264 0.045| 2176.05 2.6| 2178.65 4.39 0.95 60.1 37.7 0.61
3929.03 4.6 0.045| 2176.05 0.39| 2176.44 2.48 0.61 1.86 9.7 1
3929.03 3.5 0.045| 2176.05 0.35| 21764 2.42 0.59 1.44 7.92 1
3894.78] 1180 0.045] 2174.56 7.16] 218171 7.07 162]  178.67 36.03 0.5
3894.78] 498 0.045| 2174.56 5.1 2179.65 4.71 0.83]  109.58 31.02 0.41
3894.78| 356 0.045| 2174.56 4.48] 2179.04 4.02 0.63 91 29.52 0.38
3894.78| 264 0.045 2174.56 4| 2178.56 3.49 0.5 77.02 28.35 0.36
3894.78| 4.6 0.045| 2174.56 1.21] 2175.77 0.26 0 17.48 16.95 0.05
3894.78 3.5 0.045] 2174.56 117 2175.72 0.21 0 16.67 16.91 0.04
3866.61| 1180 0.045 2174 7.59] 218159 6.95 1.56]  178.56 34.25 0.48
3866.61| 498 0.045 2174 559 2179.59 4.4 071 11535 29.4 0.37
3866.61] 356 0.045 2174 4.99] 2178.99 3.67 0.52 98.03 27.98 0.33
3866.61] 264 0.045 2174 451 217851 3.12 0.39 85.04 26.69 0.3
3866.61] 4.6 0.045 2174 1.77] 2175.77 0.19 0 24.52 18.32 0.03
3866.51 3.5 0.045 2174 1.72| 2175.72 0.15 0 23.65 18.21 0.02
3843.82] 1180 0.045] 2175.35 5.74] 2181.09 8.32 2.38]  146.21 33.95 0.65
3843.82| 498 0.045] 2175.35 3.95]  2179.3 5.52 1.21 90.28 28.26 0.54
3843.82| 356 0.045| 2175.35 34| 2178.75 4.73 0.94 75.21 26.6 0.5
3843.82] 264 0.045| 2175.35 2.96] 2178.31 4.13 0.74 63.89 25.23 0.46
3843.82] 46 0.045] 2175.35 0.41] 2175.76 0.62 0.03 7.47 19.28 0.17
3843.82 3.5 0.045| 2175.35 0.37| 2175.72 0.53 0.02 6.6 19.18 0.16
3803.77| 1180| 0.045 2175.34] 5.28] 2180.62] 875 2.67|  141.38 36.15] 0.71




3803.77 498 0.045| 2175.34 3.61| 2178.96 5.86 1.38 85.85 30.03 0.58
3803.77 356 0.045| 2175.34 3.1| 2178.44 5.05 1.09 70.87 28.52 0.56
3803.77 264 0.045| 2175.34 2.69| 2178.03 4.46 0.9 59.26 27.5 0.53
3803.77 4.6 0.045| 2175.34 0.32| 2175.66 0.93 0.08 4.92 20.17 0.33
3803.77 3.5 0.045| 2175.34 0.28| 2175.62 0.84 0.07 4.17 20.09 0.33

3763.5| 1180 0.045| 2175.12 5.53| 2180.66 6.94 1.66 183.25 47.82 0.55

3763.5 498 0.045| 2175.12 3.66| 2178.78 5.16 1.06 101.77 39.25 0.51

3763.5 356 0.045| 2175.12 3.11| 2178.23 4.59 0.89 80.94 36.57 0.49

3763.5 264 0.045| 2175.12 2.69| 2177.81 4.12 0.75 65.94 34.36 0.47

3763.5 4.6 0.045| 2175.12 0.35| 2175.47 0.83 0.06 5.52 22.73 0.3

3763.5 3.5 0.045| 2175.12 0.31] 2175.43 0.75 0.05 4.69 22.68 0.29
3520.45| 1180 0.045 2174 4,72| 2178.72 7.76 2.15 159.93 51.16 0.66
3520.45 498 0.045 2174 3.17| 2177.17 5.31 1.17 94.34 36.8 0.57
3520.45 356 0.045 2174 2.66| 2176.66 4.68 0.97 76.09 34.77 0.55
3520.45 264 0.045 2174 2.27| 2176.27 4.21 0.83 62.73 33.35 0.54
3520.45 4.6 0.045 2174 0.33| 2174.33 0.85 0.07 5.41 25.29 0.32
3520.45 3.5 0.045 2174 0.3 2174.3 0.76 0.06 4.58 25.12 0.32
3328.42| 1180 0.045| 2172.65 4.47( 2177.13 7.86 2.21 174.58 75.31 0.68
3328.42 498 0.045| 2172.65 3.03| 2175.68 5.66 1.32 90.28 38.25 0.6
3328.42 356 0.045| 2172.65 2.55 2175.2 4.93 1.06 73.1 34.76 0.57
3328.42 264 0.045| 2172.65 2.18| 2174.84 4.36 0.88 60.89 33.11 0.55
3328.42 4.6 0.045| 2172.65 0.23| 2172.88 1.11 0.13 4.16 23.94 0.47
3328.42 3.5 0.045| 2172.65 0.2| 2172.85 1 0.11 3.49 23.76 0.46
3027.98| 1180 0.045| 2169.26 3.67| 2172.93 9.72 3.66 127.86 46.27 0.95
3027.98 498 0.045| 2169.26 2.3| 2171.56 7.54 2.63 67.61 41 0.96
3027.98 356 0.045| 2169.26 1.96( 2171.22 6.63 2.17 54.17 38.46 0.93
3027.98 264 0.045| 2169.26 1.69| 2170.96 5.92 1.84 44.59 34.15 0.91
3027.98 4.6 0.045| 2169.26 0.3] 2169.56 1.18 0.13 3.9 18.91 0.46
3027.98 3.5 0.045| 2169.26 0.26| 2169.52 1.06 0.12 3.29 18.29 0.44
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2983.9| 1180 0.045| 2168.33 3.29| 2171.62 10.41 4.58 115.32 51.97 1.16

2983.9 498 0.045| 2168.33 2.83| 2171.16 5.44 1.34 92.04 48.23 0.67

2983.9 356 0.045| 2168.33 2.46| 2170.79 4.76 1.1 74.82 45.1 0.65

2983.9 264 0.045| 2168.33 2.14| 2170.47 4.32 0.95 61.04 42 0.63

2983.9 4.6 0.045| 2168.33 0.26 2168.6 2.41 0.59 1.91 10.61 1

2983.9 3.5 0.045| 2168.33 0.23| 2168.56 2.29 0.55 1.53 9.52 1.01
2823.31| 1180 0.045| 2166.92 4.28 2171.2 5.41 1.12 261.93 140.81 0.52
2823.31 498 0.045| 2166.92 3.23| 2170.15 4.07 0.72 129.73 91.42 0.48
2823.31 356 0.045| 2166.92 2.88 2169.8 3.52 0.57 103.11 62.57 0.45
2823.31 264 0.045| 2166.92 2.57| 2169.49 3.15 0.48 84.88 55.95 0.43
2823.31 4.6 0.045| 2166.92 0.47| 2167.39 0.72 0.05 6.43 24.04 0.24
2823.31 3.5 0.045| 2166.92 0.43| 2167.35 0.64 0.04 5.47 23.53 0.23
2472.76| 1180 0.045| 2164.51 291] 2167.42 8.05 2.73 156.47 80.21 0.89
2472.76 498 0.045| 2164.51 1.78| 2166.29 6.55 2.19 76.75 57.91 0.97
2472.76 356 0.045| 2164.51 1.47| 2165.98 6.03 2.01 59.11 54.37 1.01
2472.76 264 0.045| 2164.51 1.25| 2165.77 5.51 1.77 47.91 49.93 0.99
2472.76 4.6 0.045| 2164.51 0.18| 2164.69 1.77 0.39 2.61 27.88 1.02
2472.76 3.5 0.045| 2164.51 0.16| 2164.67 1.68 0.38 2.08 27.1 1.07
2151.63| 1180 0.045| 2159.74 3.5] 2163.24 5.21 1.1 242.45 148 0.55
2151.63 498 0.045| 2159.74 2.3] 2162.04 3.99 0.78 126.75 84.31 0.55
2151.63 356 0.045| 2159.74 2.05| 2161.79 3.38 0.59 106.14 81.36 0.51
2151.63 264 0.045| 2159.74 1.83| 2161.57 3.01 0.49 88.3 78.73 0.49
2151.63 4.6 0.045| 2159.74 0.4| 2160.14 0.88 0.07 5.24 22.85 0.32
2151.63 3.5 0.045| 2158.74 0.34] 2160.08 0.87 0.07 4 17.23 0.32
1781.43| 1180 0.045| 2155.44 3.06 2158.5 8.71 3.22 136.98 59.9 0.97
1781.43 498 0.045| 2155.44 2.09| 2157.53 6.02 1.78 82.79 52.11 0.84
1781.43 356 0.045| 2155.44 1.65| 2157.09 5.87 1.84 60.63 48.41 0.92
1781.43 264 0.045| 2155.44 1.4| 2156.84 5.39 1.64 48.94 46.3 0.93
1781.43 4.6 0.045| 2155.44 0.23| 2155.67 1.71 0.36 2.69 26.55 0.95
1781.43 3.5 0.045| 2155.44 0.21] 2155.65 1.63 0.34 2.15 23.76 0.96
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1289.9] 1180 0.045| 2149.26 3.75] 2153.01 6.54 1.63 183.08 56.93 0.62
1289.9 498 0.045] 2149.26 2.26] 2151.52 4.92 1.11 101.42 52.12 0.62
1289.9 356 0.045| 2149.26 1.98( 2151.24 4.08 0.8 87.32 51.1 0.55
1289.9 264 0.045| 2149.26 1.7] 2150.96 3.62 0.66 73.02 50.06 0.53
128%.9 4.6 0.045| 2149.26 0.28( 2149.54 0.69 0.05 6.64 43.14 0.31
1289.9 3.5 0.045 2149.26 0.26( 2149.52 0.62 0.04 5.65 42.86 0.3
1002.97| 1180 0.045 2145.6 3.24| 2148.84 9.32 3.56 127.79 49.29 0.98
1002.97 498 0.045 2145.6 2.23| 2147.83 6.19 1.81 80.51 44.6 0.81
1002.97 356 0.045 2145.6 1.69| 2147.29 6.25 2.03 56.92 41.91 0.95
1002.97 264 0.045 2145.6 142 2147.02 5.74 1.82 45.96 40.59 0.95
1002.97 4.6 0.045 2145.6 0.2 2145.8 1.73 0.38 2.66 28.02 0.99
1002.97 3.5 0.045 2145.6 0.18( 2145.78 1.6 0.34 2.18 27.17 1
719.85| 1180 0.045| 2142.91 3.66| 2146.57 5.25 1.08 241.68 104.26 0.52
719.85 498 0.045 2142.91 2.38| 2145.29 4.03 0.76 124.68 71.42 0.52
719.85 356 0.045] 2142.91 2.23| 2145.14 3.14 0.47 114.14 70.07 0.42
719.85 264 0.045| 2142.91 1.97| 2144.88 2.75 0.38 96.11 67.41 0.4
719.85 4.6 0.045| 2142.91 0.29 2143.2 0.58 0.03 7.96 36.42 0.22
719.85 3.5 0.045( 2142.91 0.25( 2143.16 0.52 0.03 6.72 35.27 0.21
460, 1180 0.045| 2141.32 2.12| 2143.44 7.55 2.68 159.61 135.2 0.99
460 498 0.045| 2141.32 1.63| 2142.95 4.44 1.03 112.98 89.89 0.68
460 356 0.045| 2141.32 112 2142.44 5.12 1.6 69.53 83.67 0.99
460 264 0.045| 2141.32 0.97| 2142.29 4.66 1.4 56.71 81.06 0.98
460 4.6 0.045| 2141.32 0.21| 2141.53 1.43 0.27 3.23 38.56 0.87
460 3.5 0.045| 2141.32 0.19] 2141.51 1.33 0.24 2.64 35.58 0.86
135.22] 1180 0.045| 2134.32 2.99] 2137.31 4.39 0.96 269.52 178.9 0.62
135.22 498 0.045| 2134.32 2.56] 2136.88 5.8 1.88 85.86 162.73 0.98
135.22 356 0.045| 2134.32 2.69] 2137.01 3.71 0.74 96.09 164.62 0.6
135.22 264 0.045| 2134.32 2.48 2136.8 3.31 0.63 79.78 161.69 0.58
135.22 4.6 0.045| 2134.32 0.96] 2135.28 1.54 0.2 3 39.41 0.48
135.22 3.5 0.045| 2134.32 0.9] 2135.23 1.41 0.17 2.49 38.34 0.47
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Kittitas Conservation District
The Ranch at Swauk Creek Diversion Improvement and Restoration Project

Proposed Conditions - Low Flow

River Sta |QTotal |Manning n |Min Ch El |Max Chl Dpth |W.S. Elev |Vel Chnl |Shear Chan |Flow Area |Top Width |Froude # Chl
(cfs) {ft) {ft) (ft) {ft/s) (lbfsqft)  |[{sqft) (ft)

7165.97 46 0.25| 2218.25 1.08| 2219.33 0.28 0.16 16.7 27.36 0.06
7165.97 3.5 0.25] 2218.25 0.99] 2219.24 0.24 0.13 14.37 26.11 0.06
6877.12 46 0.25] 2216.21 0.43] 2216.64 0.5 0.67 9.18 31.07 0.16
6877.12 3.5 0.25] 221621 0.35] 2216.56 0.52 0.76 6.78 28.5 0.19
6650.42 46 0.25] 221329 0.59] 2213.88 0.29 0.19 15.94 32.09 0.07
6650.42 3.5 0.25| 2213.29 0.53] 2213.82 0.25 0.14 14.03 31.78 0.07
6424.86 4.6 0.25] 221075 0.58] 221133 0.55 0.72 8.36 20.22 0.15
6424.86 3.5 0.25] 2210.75 0.47| 2211.22 0.57 0.83 6.19 19.25 0.18
6259.81 4.6 0.25] 22097 0.99] 2210.69 0.19 0.07 24.21 31.68 0.04
6259.81 3.5 0.25] 22097 0.89] 221059 0.17 0.06 20.92 31.02 0.04
6079.35 4.6 0.25] 2209.43 0.21] 2209.64 1.62 10.29 2.83 30.53 0.94
6079.35 3.5 0.25] 2209.43 0.19] 2209.62 1.54 9.88 2.28 30.21 0.99
5902.35 46 0.25] 2205.98 0.92] 2206.9 0.2 0.09 22.96 42.7 0.05
5902.35 3.5 0.25| 2205.98 0.85] 2206.83 0.18 0.07 19.86 41.26 0.04
5773.55 4.6 0.25] 2205.46 0.33] 2205.79 0.79 214 5.85 44.2 0.38
5773.55 3.5 0.25| 2205.46 0.22| 2205.69 1.51 8.65 2.32 22.79 0.84
5598.93 4.6 0.25] 2201.13 0.67] 22018 0.32 0.23 14.45 30.83 0.08
5598.93 3.5 0.25] 2201.13 0.62| 220175 0.27 0.17 12.91 30.2 0.07

5245.6] 4.6 0.25] 2194.98| 042 21954]  0.75] 1.48] 6.11] 19.56| 0.24
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52456 35| 0.25| 219498 0.31] 219529|  0.88| 2.3| 3.99| 18.95] 0.34
5069.13] 4.6 0.25] 2192.22 0.96] 2193.18 0.33 0.22 13.79 19.01 0.07
5069.13| 35 0.25| 2192.22 0.88] 21931 0.28 0.17 12.29 18.85 0.06
5043.89] 4.6 0.25] 219255 0.28] 2192.83 0.73 1.53 6.27 26.06 0.26
5043.89] 35 0.25| 219255 0.14| 2192.69 1.29 6.26 2.7 25.47 0.7
4997.51] 4.6 0.25| 2191.29 15| 219279 0.11 0.02 41.89 37.08 0.02
4997.51] 35 0.25| 2191.29 1.38] 2192.67 0.09 0.02 37.4 36.85 0.02
4969.06] 4.6 0.25] 2189.69 3.09] 2192.79 0.05 0 79.62 38.29 0.01
4969.06] 3.5 0.25| 2189.69 2.97| 2192.66 0.04 0 75.02 37.72 0.01
4965.06] 4.6 0.25] 21915 1.28] 2192.78 0.45 0.48 10.24 24.03 0.12
4965.06] 3.5 0.25| 21915 1.16] 2192.66 0.45 0.48 7.73 17.44 0.12

49436 46 0.25 2191 1.76] 2192.36 0.54 0.65 8.58 17.29 0.13

49436] 35 0.25 2191 1.62] 2192.22 0.54 0.67 6.42 13.34 0.14
4908.09] 4.6 0.25] 2190.07 1.66] 2191.25 0.81 1.49 5.68 11.68 0.2
4908.09] 35 0.25| 2190.07 158] 2191.17 0.73 1.19 4.82 9.57 0.18

48712] 46 0.25] 2189.43 0.49] 2189.92 0.47 0.56 9.81 29.58 0.14

48712 35 0.25| 2189.43 0.42| 2189.85 0.45 0.55 7.83 29.4 0.15
4847.25] 4.6 0.25] 2189.05 0.65] 2189.7 0.24 0.13 18.82 38.67 0.06
4847.25| 3.5 0.25] 2189.05 0.58] 2189.63 0.22 0.11 16.15 38.08 0.06
477533 4.6 0.25] 2188.71 0.61] 2189.23 0.34 0.28 134 31.99 0.09
477533 35 0.25| 2188.71 0.53] 2189.15 0.32 0.25 11.03 31.72 0.09
4646.06] 4.6 0.25] 2187.16 0.6] 2187.76 0.34 0.28 13.69 36.57 0.1
4646.06] 3.5 0.25] 2187.16 0.55] 2187.71 0.29 0.22 11.88 35.19 0.09
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4540.24 4.6 0.25| 2185.06 0.36] 2185.42 0.57 0.89 8.12 31.29 0.2
4540.24 3.5 0.25| 2185.06 0.29] 2185.35 0.57 0.97 6.13 29.67 0.22
4447.62 4.6 0.25| 2183.23 0.75] 2183.99 0.35 0.26 13.21 22.58 0.08
4447.62 3.5 0.25| 2183.23 0.68| 2183.91 031 0.21 11.43 22.33 0.08
4321.17 4.6 0.25| 2182.22 0.54| 2182.76 0.38 0.35 11.98 25.46 0.11
4321.17 3.5 0.25 2182.22 0.47| 2182.69 0.35 0.32 9.86 29.33 0.11
4177.43 4.6 0.25| 2180.64 0.71] 2181.35 0.35 0.26 13.26 22.91 0.08
4177.43 3.5 0.25| 2180.64 0.63| 2181.27 0.31 0.21 11.38 22.74 0.08
4050.15 4.6 0.25) 2179.81 0.52| 2180.33 0.33 0.26 13.82 30.36 0.08
4050.15 3.5 0.25| 2179.81 0.44] 2180.25 0.3 0.23 11.49 30.16 0.09
4019.45 4.6 0.25| 2179.46 0.62| 2180.09 0.31 0.22 14.79 29.14 0.08
4019.45 3.5 0.25| 2179.46 0.56] 2180.02 0.27 0.17 12.91 28.99 0.07
3989.98 4.6 0.25| 2179.22 0.19| 2179.41 1.23 5 3.74 24.34 0.55
3989.98 3.5 0.25| 2179.22 0.15| 2179.37 1.25 5.62 2.81 24.11 0.64

3957.3 4.6 0.25| 2177.27 0.71] 2177.98 0.47 0.49 9.81 18.9 0.11

3957.3 3.5 0.25| 2177.27 0.62 2177.9 0.42 0.41 8.31 18.44 0.11
3929.03 4.6 0.25| 2176.05 0.39| 2176.44 2.48 18.83 1.86 9.7 1
3929.03 3.5 0.25| 2176.05 0.35 2176.4 2.42 18.32 1.44 7.92 1
3894.78 4.6 0.25| 2174.56 1.72| 2176.28 0.18 0.05 26.27 17.51 0.03
3894.78 3.5 0.25| 2174.56 1.6| 2176.16 0.14 0.03 24.17 17.36 0.02
3866.61 4.6 0.25 2174 2.27| 2176.27 0.14 0.03 33.98 19.61 0.02
3866.61 3.5 0.25 2174 2.15| 2176.15 0.11 0.02 31.7 19.27 0.02
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3843.82 4.6 0.25| 217535 0.9 2176.25 0.27 0.13 17.22 20.36 0.05
3843.82 3.5 0.25| 217535 0.79] 2176.14 0.23 0.11 14.92 20.11 0.05
3803.77 4.6 0.25| 2175.34 0.77| 2176.11 0.32 0.21 14.24 21.13 0.07
3803.77 3.5 0.25| 2175.34 0.66 2176 0.29 0.18 12.02 20.91 0.07

3763.5 46 0.25| 2175.12 0.81] 2175.93 0.29 0.17 16 23.35 0.06

3763.5 3.5 0.25] 2175.12 0.7| 2175.82 0.26 0.14 13.53 23.21 0.06
3520.45 4.6 0.25 2174 0.68 2174.68 0.32 0.22 14.55 27.11 0.08
3520.45 3.5 0.25 2174 0.6| 21746 0.28 0.18 12.46 26.71 0.07
3328.42 4.6 0.25| 2172.65 0.58| 2173.23 0.35 0.28 13.09 26.09 0.09
3328.42 3.5 0.25| 2172.65 05| 2173.15 0.32 0.25 10.83 25.64 0.09
3027.98 4.6 0.25| 2169.26 0.63| 2169.89 0.4 0.38 11.49 27.36 0.11
3027.98 3.5 0.25| 2169.26 0.57| 2169.83 0.35 0.31 9.94 26.84 0.1

2983.9 4.6 0.25| 2168.33 0.65 2168.98 0.51 0.66 9.02 26.68 0.15

2983.9 3.5 0.25| 2168.33 0.56| 2168.89 0.52 0.73 6.71 23.2 0.17
2823.31 4.6 0.25] 2166.92 0.94] 2167.86 0.24 0.12 18.83 29.07 0.05
2823.31 3.5 0.25| 2166.92 0.84| 2167.76 0.22 0.1 16.13 28.11 0.05
2472.76 4.6 0.25] 2164.51 0.33] 2164.84 0.62 1.13 7.46 35.45 0.24
2472.76 3.5 0.25| 2164.51 0.28| 2164.79 0.62 1.25 5.61 33.85 0.27
2151.63 4.6 0.25| 2159.74 0.78| 2160.52 0.23 0.13 19.63 48.55 0.06
2151.63 3.5 0.25] 2159.74 0.72| 2160.46 0.21 0.11 16.59 45.56 0.06
1781.43 4.6 0.25| 2155.44 0.4| 2155.84 0.59 0.99 7.79 31.89 0.21
1781.43 3.5 025 2155.44 0.34| 2155.78 0.58 1.02 6.05 30.86 0.23

1289.9] 4.6 025 2149.26| 0.57| 2149.83]  0.24 0.13| 19.24 44.67| 0.06
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1289.9] 3.5 0.25] 2149.26| 0.51] 2149.77]  0.21] 0.11] 16.61] 44.36] 0.06
100297 4.6 0.25] 21456 0.34] 2145.94 0.7 1.45 6.56 30.08 0.26
1002.97] 35 0.25] 21456 028 214588  0.71 16 4.93 28.6 0.3
719.85] 46 0.25] 2142.91 0.64] 2143.55 0.2 0.09 22.97 45.78 0.05
719.85] 3.5 025 2142.91 0.57| 214348 0.8 0.07 19.61 45.08 0.05
460] 4.6 0.25] 2141.32 0.37] 2141.69 0.4 0.5 11.41 60.34 0.16
460] 3.5 0.25] 2141.32 0.34] 214166 037 0.44 9.48 58.54 0.16
135.22] 46 0.25] 2134.32 1.48]  2135.8] 035 0.28 13.32 76.15 0.09

135.22] 35 0.25| 2134.32 14| 213572 032 0.25 10.91 71.62 0.09
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Plan: Plan 14 7/15/2020
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Plan: Plan 12 7/15/2020

Swauk Creek River CL.
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Plan: Plan 13 7115/2020
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Appendix E
Fish Screen Information




The 24” diameter by 6’ length
. modular drum screen has a

max diversion amount of ~3.6
cfs.




Appendix F
Delivery Pipeline Hydraulic Analysis
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Standard Step Backwater Analysis

System: The Ranch at Swauk Creek
Reach: Burke Road Pipeline, MH #3 to Ditch
Design Event: Late Summer, Low Creek - 4 cfs Diversion (3.5 cfs to Ranch + 0.5 cfs Bypass)
Outlet Inlet
Identification DITCH MH #3 Normal Depth (ft) 0.60
Station 28+10 27+87 Critical Depth (ft) 0.55
Rim/Overflow Elev. (fty 2176.00  2177.10 Froude No. 0.83
Invert Elevation (ft) 2174.50 2174.62 Avg. Velocity (fps) 3.83
Water Surf. Elev. (ft) 2174.75 2175.52 Min. Velocity (fps) 3.75
Max. Velocity (fps) 3.94
Discharge (cfs) 1.50 Normal Velocity (fps) 3.55
Diameter (inches) 10 Crit. Velocity (fps) 3.94
Ineffective Depth( ft) 0.00
Length (feet) 23.0 freeboard @ outlet 1.25
Manning n 0.012 freeboard @ inlet 1.58
Entrance Vel. (fps) 0.00
Entrance Loss (Ke) 0.50 Normal EGL (ft) 0.80
Slope 0.0052 Hyd.Jump d/s E 0.80
2175.6
Qutlet — Inlet
E— 2175.4
21752
®
€
2175.0 5
g
o
21748 W
N 1 21746
2174.4
-5 0 5 10 15 20 25
HGL Horizontal Distance (feet)
Normal Depth
- Critical Depth
Pipe

Anchor QEA, LLC Hydraulic Profile - The Ranch at Swauk Creek Diverison.xlsm
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Standard Step Backwater Analysis

System: The Ranch at Swauk Creek
Reach: Burke Road Pipeline, MH #2 to MH #3 (Crosses Swauk Creek)
Design Event: Late Summer, Low Creek - 4 cfs Diversion (3.5 cfs to Ranch + 0.5 cfs Bypass)
Outlet Inlet
Identification MH #3 MH #2 Normal Depth (ft) 0.64
Station 27+83 18474 Critical Depth (ft) 0.55
Rim/Overflow Elev. (ft) 2177.10 2181.75 Froude No. 0.74
Invert Elevation (ft) 2173.60 2177.75 Avg. Velocity (fps) 275
Water Surf. Elev. (ft) 2175.52 2179.31 Min. Velocity (fps) 275
Max. Velocity (fps) 2,75
Discharge (cfs) 1.50 Normal Velocity (fps) 3.35
Diameter (inches) 10 Crit. Velocity (fps) 3.94
Ineffective Depth( ft) 0.00
Length (feet) 909.0 freeboard @ outlet 1.58
Manning n 0.012 freeboard @ inlet 244
Entrance Vel. (fps) 0.00
Entrance Loss (Ke) 0.50 Normal EGL (ft) 0.81
Slope 0.0046 Hyd.Jump d/s E 0.82
2180.0
Outlet Inlet

2179.0

2178.0

2177.0

2178.0

Elevation (feet)

2175.0

2174.0

B 2173.0
-200 0 200 400 600 800 1000 1200

HGL Horizontal Distance (feet)
Normal Depth

Critical Depth

Pipe

Anchor QEA, LLC Hydraulic Profile - The Ranch at Swauk Creek Diverison.xlsm
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Standard Step Backwater Analysis

The Ranch at Swauk Creek

Burke Road Pipeline, MH #1 to MH #2 (Crosses Swauk Creek)

Late Summer, Low Creek - 4 cfs Diversion (3.5 cfs to Ranch + 0.5 cfs Bypass)

System:
Reach:
Design Event:

Identification

Station

Rim/Overflow Elev. (ft)
Invert Elevation (ft)
Water Surf. Elev. (ft)

Discharge (cfs)
Diameter (inches)
Ineffective Depth( ft)
Length (feet)
Manning n

Entrance Vel. (fps)
Entrance Loss (Ke)
Slope

Outlet

Outlet
MH #2
18+70
2181.75
2178.90
2179.31

1.50
10
0.00
351.0
0.012
0.00
0.50
0.0126

Inlet
MH #1
15+19

2185.25
2183.29
2184.20

Normal Depth (ft)
Critical Depth (ft)
Froude No.

Avg. Velocity (fps)
Min. Velocity (fps)
Max. Velocity (fps)
Normal Velocity (fps)
Crit. Velocity (fps)

freeboard @ outlet
freeboard @ inlet

Normal EGL (ft)
Hyd.Jump d/s E

0.45
0.55
1.48
5.01
3.94
5.03
5.03
3.94

2.44
1.056

0.84
0.82

2185.0
Inlet
2184.0
2183.0

2182.0

2181.0

Elevation (feet)

2180.0

2179.0

2178.0

-50 0 50 100 250 300 400
e HGLL Horizontal Distance (feet)
Normal Depth
Critical Depth
Pipe
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Standard Step Backwater Analysis

System: The Ranch at Swauk Creek
Reach: Main Pipeline, Highway 97 Culvert to MH #1
Design Event: Late Summer, Low Creek - 4 cfs Diversion (3.5 cfs to Ranch + 0.5 cfs Bypass)
Outlet Inlet
Identification MH#1 D/S CULV Normal Depth (ft) 0.70
Station 15+15 11+54 Critical Depth (ft) 0.75
Rim/Overflow Elev. (ft) 2185.25 2189.10 Froude No. 1.15
Invert Elevation (ft) 2183.65 2186.10 Avag. Velocity (fps) 493
Water Surf. Elev. (ft) 2184.20 2187.01 Min. Velocity (fps) 4.52
Max. Velocity (fps) 4.93
Discharge (cfs) 3.50 Nomal Velocity (fps) 493
Diameter (inches) 15 Crit. Velocity (fps) 452
Ineffective Depth( ft) 0.00
Length (feet) 361.0 freeboard @ outlet 1.05
Manning n 0.012 freeboard @ inlet 2.09
Entrance Vel. (fps) 4.52
Entrance Loss (Ke) 0.50 Normal EGL (ft) 1.08
Slope 0.0068 Hyd.Jump d/s E 1.08
— ; 2188.0
Outlet : Inlet

} 2187.5
2187.0
2186.5
2186.0
2185.5

2185.0

Elevation (feet)

2184.5

2184.0

2183.5

- e 2183.0
-50 0 50 100 150 200 250 300 350 400

Horizontal Distance (feet)

HGL

Normal Depth
Critical Depth

Pipe
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Standard Step Backwater Analysis

System: The Ranch at Swauk Creek
Reach: Main Pipeline, Existing Highway 97 Culvert
Design Event: Late Summer, Low Creek - 4 cfs Diversion (3.5 cfs to Ranch + 0.5 cfs Bypass)
Outlet Inlet
Identification D/S CULV U/S CULV Normal Depth (ft) 3.00
Station 11+54 9489 Critical Depth (ft) 0.58
Rim/Overflow Elev. (ft) 2189.10  2189.10 Froude No. 1.00
Invert Elevation (ft) 2186.10  2186.10 Avg. Velocity (fps) 1.81
Water Surf. Elev. (ft) 2187.01 2187.13 Min. Velocity (fps) 1.71
Max. Velocity (fps) 1.92
Discharge (cfs) 3.50 Normal Velocity (fps) 0.50
Diameter (inches) 36 Crit. Velocity (fps) 3.62
Ineffective Depth( ft) 0.00
Length (feet) 165.0 freeboard @ outlet 2.09
Manning n 0.012 freeboard @ inlet 1.97
Entrance Vel. (fps) 0.50
Entrance Loss (Ke) 0.25 Normmal EGL (ft) 3.00
Slope 0.0000 Hyd.Jump d/s E 3.00
2189.5
Outlet Inlet
2189.0
2188.5
21880 B
£
2187.5 §
®
2187.0 E
w
2186.5
2186.0
21855
=20 1] 20 40 60 80 100 120 140 160 180 200
HGL Horizontal Distance (feet)
Normal Depth
Critical Depth
Pipe
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Standard Step Backwater Analysis

System: The Ranch at Swauk Creek
Reach: Main Pipeline, Inlet (D/S of Fish Screen) to Highway 97 Culvert
Design Event: Late Summer, Low Creek - 4 cfs Diversion (3.5 cfs to Ranch + 0.5 cfs Bypass)
Outlet Inlet
Identification U/S CULV INLET Normal Depth (ft) 0.77
Station 9+89 1+30 Critical Depth (ft) 0.75
Rim/Qverflow Elev. (ft) 2189.10 2192.40 Froude No. 0.95
Invert Elevation ()  2185.61 2189.90 Avg. Velocity (fps) 3.94
Water Surf. Elev. (it) 2187.13 2191.12 Min. Velocity (fps) 2.85
Max. Velocity (fps) 4.38
Discharge (cfs) 3.50 Nommal Velocity (fps) 4.38
Diameter (inches) 15 Crit. Velocity (fps) 4.52
Ineffective Depth( ft) 0.00
Length (feet) 859.0 freeboard @ outlet 1.97
Manning n 0.012 freeboard @ inlet 1.28
Entrance Vel. (fps) 0.00
Entrance Loss (Ke) 0.50 Normal EGL (it) 1.07
Slope 0.0050 Hyd.Jump d/s E 1.07
- 2192.0
Outlet Inlet

2191.0

2190.0

2188.0

2188.0

Elevation (feet)

2187.0

2186.0

i 2185.0
-200 0 200 400 600 800 1000
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Standard Step Backwater Analysis

System: The Ranch at Swauk Creek
Reach: Fish Bypass Pipeline
Design Event: Late Summer, Low Creek - 4 cfs Diversion (3.5 cfs to Ranch + 0.5 cfs Bypass)
Outlet Inlet
Identification CREEKFISH SCRN Normal Depth (ft) 0.31
Station +72 + Critical Depth (ft) 0.33
Rim/Overflow Elev. (ft) 219236  2192.40 Froude No. 1.14
Invert Elevation (ft) 2189.50 2190.04 Avg. Velocity (fps) 3.15
Water Surf. Elev. (ft) 2189.75  2190.57 Min. Velocity (fps) 2.89
Max. Velocity (fps) 3.156
Discharge (cfs) 0.50 Normal Velocity (fps) 3.15
Diameter (inches) 8 Crit. Velocity (fps) 2.89
Ineffective Depth( ft) 0.00
Length (feet) 72.0 freeboard @ outlet 2.61
Manning n 0.012 freeboard @ inlet 1.83
Entrance Vel. (fps) 0.00
Entrance Loss (Ke) 0.50 Normal EGL (ft) 0.46
Slope 0.0075 Hyd.Jump d/s E 0.46
2190.8
Outlet Inlet
— 2180.6
2190.4
%‘
21902 &
s
2190.0 E
2
w
21898
2189.6
2189.4
-10 0 10 20 30 40 50 60 70 80
HGL Horizontal Distance (feet)
Normal Depth
Critical Depth
Pipe
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Hydraulic Analysis

System: The Ranch at Swauk Creek
Reach: Fish Screen Hydraulics
Design Event: Late Summer, Low Creek - 4 cfs Diversion (3.5 cfs to Ranch + 0.5 cfs Bypass)

YPASS WEIR FLOW (Weir Gate or Stop L :
Weir Elev. (ffy  2191.38 Adjust so that HW WSEL~WSEL US of Screen
Weir Width (in} 12 Adjust so that Discharge~Design Bypass Flow
H (ft) 0.29 Set at minimum required for fish passage
TWWSEL (ft) 2190.57
HW WSEL (ft) 2191.67
Discharge (cfs) 0.5

DIVERSION WEIR FLOW (Over Stop Logs Through Paddle Wheel to Irrigation Pipe):
Weir Elev. (ft) 2190.17 Adjust so that Discharge~Design Flow to Irrigators

Weir Width (in) 12 Requested by Irrigators/lUSBR
H (ft) 1.25
TWWSEL ({ft) 2191.12 WEIR IS BACKWATERED
HW WSEL (ft) 2191.42
Discharge {cfs) 35

SCREEN:
Bottom Elev. (ft)  2190.27 Adjust so that Submergence is >65% and <85%
Diam (ft) 2.0 Per Screen Shop
Top Elev. (ft) 2192.27
Min. WSEL (ft) 2191.57 65% Submergence
Max. WSEL (ft) 2191.97 85% Submergence
Screen Loss (ft} 0.25 Assumed
WSEL DS of Screen (ft) 2191.42
Channel IE @ Screen (ft) 2189.90

AT FISH SCREEN:
WSEL US of Screen (ft) 2191.67 Set so that WSEL at inlet of Diversion Channel~HEC-RAS Results
Screen Submergence 70%
Flow In (cfs) 4.0
Flow Out {cfs) 4.0

DIVERSION CHANNEL :
Channel Length (ft) 30.00

Ave Bottom Widtch (ft) 2.00
Ave Sideslope (V ft/1 H ft) 1.50
Manning n: 0.03

IE at Screen (ft): 2,189.50
|E at Diversion (ft): 2,189.55

Depth at Screen (ft): 2.17
Flow Rate (cfs): 4.0

Depth, d {ft): 217

Flow Area, A (sf): 11.40
Wetted Perimeter, P (f): 9.82
Hydraulic Radius, R (ft): 1.16
Velocity, V (fps): 0.35

Chanel Slope, S, .  0.00167
Energy Slope, S; (ft/ft):  0.00004

Velocity Head, V¥/2g (f):  0.00019
Estimated Headloss:  0.00121

Min. WSEL at Creek (feet): 2,191.67 This is what we need the roughened channel to produce at the creek to make this work.
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Opinion of Probable Construction Cost




Kittitas County Conservation District 9/17/2020
The Ranch at Swauk Creek Diversion Improvement and Restoration Project
Opinion of Probable Construction Cost - 90% Design

Bid Item]Description Specificaiton | Quantity | Unit Unit Cost Cost
Division 1 - General Requirements
1 Mobilization/Demobilization {7.5%) 017113 1 LS 524,825 $26,700
2 |Traffic Control 015526 1 LS $5,000 $5,000
3 Locate and Protect Existing Utilities 015615 1 LS $1,000 $1,000
4 Temporary Erosion and Sediment Control 015713 1 LS $15,000 $15,000
Subtotal - General Requirements 548,000
Division 2 - Existing Conditions
5 |Construction Surveying 022100 1 LS $12,000 $12,000
6 Removal of Structures and Obstructions 024100 1 LS $3,500 $3,500
7 Plug Pipe and Decomission Diversion at RM 7.71 024100 1 LS $2,500 $2,500
Subtotal - General Requirements 518,000
Division 31 - Earthwork
8 Clearing and Grubbing 311100 1.1 AC $5,000 $5,500
9 Channel Excavation - River Mile (RM) 7.92 312300 1 LS $10,000 $10,000
10 |Channel Excavation - RM 7.71 (Option A Bid Item) 312300 1 LS $5,000 $5,000
11 |Excavation for Fish Screen Replacement 312300 1 LS $400 $400
12 |Structural Backfill for Fish Screen Replacement 312300 4.4 TN $35 $154
13 |Assistance with Fish Screen Installation 312300 1 LS $7,000 $7,000
14 |Installation of Transducer for Diversion Metering 312300 1 LS $3,000 $3,000
15 |Trench Excavation - Fish Bypass Pipeline 312300 1 LS $300 $300
16 |Pipe Bedding - Fish Bypass Pipeline 312300 11 CcY $44 $484
17  |Select Backfill - Fish Bypass Pipeline 312300 7 CY $44 $308
18  |Final Backfill - Fish Bypass Pipeline 312300 1 LS $200 $200
19 |Trench Excavation - Irrigation Pipeline West of Highway 97 312300 1 LS $4,000 $4,000
20 |Pipe Bedding - Irrigation Pipeline West of Highway 97 312300 291 CcY 544 $12,804
21 |Select Backfill - Irrigation Pipeline West of Highway 97 312300 188 cY $44 $8,272
22 |Final Backfill - Irrigation Pipeline West of Highway 97 312300 1 LS $4,200 $4,200
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Kittitas County Conservation District 9/17/2020
The Ranch at Swauk Creek Diversion Improvement and Restoration Project
Opinion of Probable Construction Cost - 90% Design

Bid Item|Description Specificaiton | Quantity | Unit Unit Cost Cost
23 |Controlled-Density Fill (CDF) Backfill - Irrigation Pipe West of Highway 97 312300 1.3 cY $250 $325
24  |Trench Excavation - Irrigation Pipeline East of Highway 97 {Option B Bid Item) 312300 1 LS $1,000 $1,000
25 Pipe Bedding - Irrigation Pipeline East of Highway 97 {Option B Bid Item) 312300 227 (4 $44 $9,988
26  |Select Backfill - Irrigation Pipeline East of Highway 97 (Option B Bid Item) 312300 154 cy $44 $6,776
27  |Final Backfill - Irrigation Pipeline East of Highway 97 (Option B Bid ltem) 312300 1 LS $2,900 $2,900
28 |CDF Backfill - Irrigation Pipe East of Highway 97 {Option B Bid ltem) 312300 13 CcY $250 $325
29 |Diversion and Care of Water 312320 1 LS $24,850 $24,850
30 |Geomembrane Liner 313220 100 SY $15 $1,500
31 |Excavation Support and Protection 315000 1 LS $3,000 $3,000
Subtotal - Earthwork (Base Bid) $86,000
Subtotal - Earthwork {Option A Bid Items) $5,000
Subtotal - Earthwork (Option B Bid Items) 521,000
Subtotal - Earthwork (Base Bid and All Optional Bid Items) $112,000
Division 32 - Exterior Impravements
32  |Crushed Surfacing Base Course 321123 133 TN $35 $4,655
33 |Asphalt Paving 321216 5 N $150 $750
34 |Imported Gravel-Cobble Mix - RM 7.92 325000 180 TN $75 $14,250
35 |Place Native Gravel-Cobble Mix - RM 7.92 325000 1 LS $9,500 $9,500
36 |Place Imported Streambed Boulders - RM 7.92 325000 91 TN $125 611,375
37 |Remove and Rework Native Streabed Boulders - RM 7.92 325000 1 LS $2,400 $2,400
38 |Place Native Gravel-Cobble Mix - RM 7.71 {Option A Bid ltem) 325000 1 LS $2,900 $2,900
39 |Remove and Rework Native Streabed Boulders - RM 7.71 (Option A Bid Item) 325000 1 LS $4,000 $4,000
40 |Cottonwood Copse Planting (Option C Bid Item) 329000 3.5 AC $3,000 $10,500
41 |Streambank Revegetation - RM 7.92 329219 0.1 AC $10,000 $1,000
42  |Streambank Revegetation - RM 7.71 {Option A Bid Item) 329219 0.1 AC $10,000 $1,000
43  |Hydroseeding 329219 0.8 AC $3,000 $2,400
Subtotal - Exterior Improvements (Base Bid) $46,000
Subtotal - Exterior iImprovements {Option A Bid Items) $8,000
Subtotal - Exterior Improvements {Option C Bid Items) $11,000
Subtotal - Exterior Improvements (Base Bid and All Optional Bid items) $65,000
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Kittitas County Conservation District 9/17/2020
The Ranch at Swauk Creek Diversion Improvement and Restoration Project
Opinion of Probable Construction Cost - 90% Design

Bid Item|Description Specificaiton | Quantity | Unit Unit Cost Cost
Division 33 - Utilities
44  |15-inch Corrugated Polyehtylene (CPE) Irrigation Pipe - West of Highway 97 331115 364 LF $35 $12,740
45 |12-inch CPE Irrigation Pipe - West of Highway 97 331115 36 LF $25 $900
46  |10-inch CPE Irrigation Pipe - West of Highway 97 331115 340 LF $20 $6,800
47  |15-inch CPE Irrigaiton Pipe - East of Highway 97 (Option B Bid Item) 331115 877 LF $35 $30,695
48  |8-inch HDPE DR 32.5 Pipe for Fish Bypass 331117 72 LF $15 $1,080
49 10-inch HDPE DR 32.5 Irrigation Pipe 331117 919 LF $22 $20,218
50 |Hang 10-inch HDPE Pipe on County Bridge 331117 1 LS $4,000 $4,000
51 |48-inch Pre-cast Concrete Manhole 331215 2 EA $3,500 $7,000
52 |Drain Valve Assembly 331217 2 EA $1,500 $3,000
53 |Canal Gate 331218 1 EA $1,500 $1,500
Subtotal - Utilities (Base Bid) $57,000
Subtotal - Utilities (Option B Bid items) $31,000
Subtotal - Utilities (Base Bid and All Optional Bid items) $88,000

TOTALS - BASE BID ITEMS

Construction Subtotal $255,000
Sales Tax | 80w | $20,400
Caonstruction Subtotal $275,000
Construction Contingency | 100% | $27,500
Construction Subtotal $303,000

TOTALS - OPTION A BID ITEMS (CHANNEL RESTORATION AT RM 7.71)

Construction Subtotal $13,000
Sales Tax | 80% | $1,040
Construction Subtotal $14,000
Construction Contingency | 10.0% | $1,400
Construction Subtotal $15,000
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Kittitas County Conservation District 9/17/2020
The Ranch at Swauk Creek Diversion Improvement and Restoration Project
Opinion of Probable Construction Cost - 90% Design

Bid Item|Description Specificaiton | Quantity | Unit Unit Cost Cost

TOTALS - OPTION B BID ITEMS (IRRIGATION PIPELINE EAST OF HIGHWAY 97)

Construction Subtotal $52,000
Sales Tax | 80% | $4,160
Construction Subtotal $56,000
Construction Contingency | 100% | $5,600
Construction Subtotal $62,000

TOTALS - OPTION C BID ITEMS (COTTONWOOD COPSE PLANTING)

Construction Subtotal $11,000
Sales Tax | s0% | $880
Construction Subtotal $12,000
Construction Contingency | 100% | $1,200
Construction Subtotal $13,000

TOTALS - BASE BID AND ALL OPTIONAL BID ITEMS

Construction Subtotal $331,000
Sales Tax | 80% | $26,480
Construction Subtotal $357,000
Construction Contingency | 10.0% | $35,700
Construction Subtotal $393,000
Notes:

1) Subtotals and totals are rounded to the nearest $1,000.
2) Costs are in 2020 dollars. Actual construction costs may vary based on materials and labor costs at time of bidding.
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