Appendix A: Bank Stabilization
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Figure 1. Middle Crab Creek Channel Stabilization, Plan View.
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Figure 2. Middle Crab Creek Bank Modification, Phase 1.
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Crab Creek Typical Phase 2 Bank Modification Section
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Figure 3, Middle Crab Creek Bank Modification, Phase 2.
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Crab Creek Typical Phase 3 Bank Modification Section
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Crab Creek Typical Modified Bank Section
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Figure 5. Middle Crab Creek Bank Modification, Phase 4.
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Figure 6. Typical Bar Section View, Middle Crab Creek.
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Crab Creek Planting Schematic
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Figure 7. Middle Crab Creek Planting Schematic, Bank Stabilization.



Appendix B: Wetland Management Cells
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Figure 8. North Flood Flat, 650 cfs, Middle Crab Creek.
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Figure 9. South Flood Flat, 650 cfs, Middle Crab Creek.
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Figure 10. Spud Field, 650 cfs, Middle Crab Creek.




Appendix C: Public Access Site
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Figure 11. Preliminary Schematic, Public Access Site for Recreational Fishery, Middle Crab Creek.



Potholes Supplemental Feed Route Fish Enhancement:
Fish Barrier Location on Middle Crab Creek

Figure 12. Fish barrier and public access site location, Grant County.
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Executive Summary

CHXM HILL is supporting Feclamation in its continued efforts to develop Crab Creek as a
supplemental feed route to supply water to the Potholes Feservoir. As a part of this effort,
Feclamation is working with Washington Department of Fish and Wildlife (WDFW) to
address habitat impacts along Crab Cresk from Foad 20 down to a location approsdmately
2 miles below Foad 16 (in the vidnity of the Spud Field) and with Grant County to address
ingress/ egress issues at Foad 16. This report is intended to provide Feclamation and
WDFW with sufficient information to ensure that WDFW's goals will be met to the extent
reasonably possible.

WDFW would like to contrel fish movement along Crab Creek as much as possible,
preserve existing habitat, and create new habitat for other wildlife using structures to be
constructed at key locations. CH2M HILL is also worldng with Feclamation and Grant
County to complete the design of a road crossing for Foad 16 over Crab Creek, downstream
of the Crab Creek confluence with Loan Springs. The Foad 16 cossing will be configured to
serve as both a point of public ingress/egress and as a fish passage barrier. (The Foad 16
dezign will be described in a separate document.)

Based upon input from Reclamation, WDFW, and Grant County, a list of goals was
developed that include the following highlight=:

» Create a put-and-take trout fishery in Crab Creek

« Keep planted trout on public land

» Limit the movement of fish in Crab Cre=k

+ Nlanage water levels to bensfit waterfow] and Morthem Leopard Frog

+  Maintain ingress fegress at Foad 16 during Feclamation-managed / operating flows
« DMlinimize lomg-term structure operation and maintenancs

» Mlinimize stucture cost

Amn associated set of design criteria has been developed that address the above-noted goals.




Feclamation has indicated that they intend to release approsdmately 100 cfs from Billy
Clapp Lake from June 13 to March 17 and 300 ofs from March 13 to June 13. The focal point
of CH2M HILL's preliminary design work is on in-channe] hydraulic structures intended to
meet fish barrier objectives.

COmn June 2, 2008, CH2M HILL completed its Preliminary Feport that described the field visit
and meeting as well as an analy=is of locations and stactures that best met the project goals.
Cm June 3, representatives from Feclamation, WDFW, and CH2XM HILL had a conference
call to discuss the Preliminary Feport. Feedback from that conference call was incorporated
into the 30 Percent Pre-Desizn Feport.

On June 20, 2008, CHXM HILL completed its 3 Percent Pre-Dlesign Feport that described
the Held wisit and mesting as well as an analysis of locations and struchures that best met the
project goals. Cm July 1, representatives from Feclamation, WDFW, and CH2M HILL met in
person and by conference call to disouss the Preliminary Feport. Feedback: from that
conference call has been incorporated into this 90 Percent Pre-Design Feport.

Exhibit 1 is a general vicdnity map showing the proposed stucture locations. Eshibit 2
depicts the longitudinal profile of Crab Creek through the project area and describes the fish
presence in terme of existing conditions, acceptable future conditions, and ideal futare
conditions. The remaining exhibits included with this report depict the concept designs for
each location.

Table 1 identifies the proposed locations and types for the five sttuctures and flow control
berms along with estimated costs. Costs range from $12,900 to 5222 500 with a total cost of
51,116,700

TABLE1
Crraft Swmmary Takle Descrbing Crab Creek Siruchares
Location Descripfion Type Cost" Comments
Cid Ralroad Biamier to downstream carp Velociyhvertical 5222500 Appears to meet all criteria,
Stabion mowement and upstream except keeping trout on public
trout movement land and serving as a complete

barmier o downsiream carp
mmovement

Upper Flood Northem leopard frog habitat  Berms 512000 Berm work likely o be

Flat Area completed by WDFW using
State equipment

Upper Wildlife Waterfowl and northern Improvements 5164000 Mo fish passage modifications;

Structure leopard frog habitat bo existing inchudes bath overflow and

[Flood Flat) structure underfiow gates

Upper Loan Barmier to downstream carp Permeable 51,700 Located at namowest section

i movement berm

Diversion

Lower Loan Biamier to upstream carp Velocity! 581,100 Located at existing Road 16

Springs mowement wertical fiord

Structure

Lower Wildlife MNorthem leopard frog habitat  Berms 518,800 Berm work likely o be

Area (Spud completed by WDFW using

Field) State equipment

b




TABLE1
Crraft Summary Takble Descrbing Crab Creck Siructures

Location Description Type Cost' Comments
Lower Wildlife Waterfowl and northern Replacement 5213000 Includes both overflow and
Structure (Spud  leopard frog habitat; bamer  of existing underfiow gates
Field) fo wpstream carp movement  structure using

welocity,
wertical, and
SCreen
Total 51,118,700

Total inchedes mark ups and escalation.

Project Overview

CHXM HILL is supporting Feclamation in its continued efforts to develop Crab Creek as a
supplemental feed route to supply water to the Potholes Feservoir. As a part of this effort
Feclamation is worldng with Washington Department of Fish and Wildlife (WDFW) and
Grant Comnty to address habitat impacts along Crab Creek from Foad 20 down to a location
approximately 2 miles below Eoad 16 (in the vicinity of the Spud Field) and ingress/egress
issues at Foad 16.

WDFW would like to limit carp movement along Crab Creek as nmich as possible to
preserve existing habitat and create new habitat for other wildlife, espedally Morthem
Leopard Frog, a State-listed species. The area addressed by this report encompasses an
upper riparian corridor, Flood Flat, Willow Lake, and Loan Springs that are currently dry
(excepting portions of the Loan Springs area) during most summer conditions, but may
become at least partially imindated once Crab Creek is used as a supplemental feed route.
Loan Springs presently supports both rainbow trout and carp; carp that have moved
upstream out of Moses Lake and downstream from Found Lake (and other locations) are
also distributed thronshout the entire project reach.

This 90 Percent Pre-Desizn Feport is organized into two primary sections. The first section
summarizes the review process, goals, design criteria, and cost estimating approach. The
second section describes each of the seven locations and the corresponding site
considerations, concept design, and cost estimate.

Preliminary and 50 Percent Pre-Design Report Reviews

Participants in and dedisions from the May 19 site tour and May 20 meeting at Reclamation
are documented in the Preliminary Feport issued by CH2M HILL on June 2, 2008, On June
3, staff from Feclamation (Jim Blanchard), WDFW (Rich Finger, Greg Fitzgerald), and
CHIM HILL (Doug Busko, Josh Butler, Fon Fehringer, Fatherine Fowden, Stan
Schweiszing) participated in the phone call that had been scheduled during the May 20
meeting to discuss the Preliminary Feport. Some participants in the May 20 mesting were
not able to attend the phone call A summary of the Jume 3 phone call was included as




Attachment 1 to the 50 Percent Pre-Diesign Feport. The 30 Percent Pre-Design Feport was
updated to reflect the review comments provided by Reclamation and WDFW on the
Preliminary Feport.

Cn July 1, staff from Feclamation {Jim Blanchard), WDFW (Dennis Beich, Steve Dauma,
Fich Finger, Gina McCov), and CH2W HILL (Steve Clayton, Fon Fehringer, Stan
Schweissing) participated in a conference call from WDFW's office in Ephrata to discuss the
30 Percent Pre-Dlesign Feport. A summary of this phone call is inchuded as Attachment 1.
This 90 Percent Pre-Desizn Feport incorporates group feedback and decisions from that
phone call.

Goals and Design Criteria

Goals

Based upon input from Feclamation, WDFW, and Grant County, CH2M HILL prepared the
following list of overall project goals.

« Supply Potholes Feservoir with additional irdgation water via Crab Creek

» Create a put-and-take trout fishery in Crab Creek: (simdlar to that on Focky Ford Creek)
through planting of catchable-size trout

» Keep planted trout on public land

»  Limit movement of carp into Loan Springs

« Eliminate upstream movement of carp from MMoses Lake beyond Foad 16

+ DNlinimize downstream movement of carp from upstream of Foad 20

= Provide means to stop all water flow to control carp periodically (2-3 years out of 10)
+ Improve riparian habitat, especially between Foad 20 and Upper Flood Flat

+ DNlanage water levels to benafit waterfow] and Morthem Leopard Frog

+ Maintain ingress /egress at Foad 16 during Feclamation-managed / operating flows
+ DNlinimize long-term structure operation and maintenance

« Dhlinimnize stucture cost

« Optimize tradecfs

To the extent possible, the pre-design incorporates these goals at each location. Specific
design considerations and tradeoffs are presented and disoussed by location later in this
report.

Design Criteria

CHM HILL will work: alongside Feclamation and WDFW to meet as many of the goals as
possible by using the following objectives and design criteria as general guidelines, with
site-specific modifications as necessary.




+ Convey flows in Crab Cresk resulting from approsimately 100 ofs releases from Billy
Clapp Lake from June 13 to March 15 and 300 cfs releases from March 13 to June 13
These flows are the design criteria; the 10-vear flow of 2 400 cfs is not part of the desizn

+  Prevent flows of up to 630 ofs from entering the Loan Springs drainage from Willow
Lake.

+ Prevent carp and trout passage using one or a combination of the four following
stucture fypes:

- Velocty
- Vertical
- Electrical
- PFicket
« From a structural stability and maintenance standpoint, imit the masdmuom velocity
across pickets or trash racks to 2 to 3 ft/sec.

+  Attempt to provide stable water levels from mid-MMarch through May to support
Morthern Leopard Frog breeding and rearing habitat, with a primary focus on MNorth
Flood Flat and a secondary focus on the Spud Field.

- Specific locations, depths, durations/ iming to be provided by WDFW

- Water control structures will likely be pre-cast and desizned.

- Water control structures would also be desizned to minimize potential of stranding
rout.

« Repair and/or construct berms at wildlife sites to produce forage crops and provide
nesting and rearing habitat for waterfowl, with a primary focus on the Spud Field and a
secondary focus on MNorth Flood Flat.

+ To control cost and becanse Faclamation and WDFW do not wish to have any of these
facilities (including the fish barriers and confrel gate stactures) classified as
jurisdictional dams or levees, berms (including those at the wildlife sites and at the
Willoww Lake overflow to Loan Springs) will be designed and constructed in recognition
of the following performance linnitations:

- DNot intended to withstand overtopping without damage or possibly complete loss of
the structure when flows in Crab Creek exceed 630 ofs.

- Dot intended to be impermeable.
- Dot intended to survive a seismic event.

(Tote that it will be important to verify as soon as possible that the structures being
contemplated are not jurisdictional due to height or volume characteristics.)

The focal point of CH2M HILL's design is on in-chammeal hydraulic stroctures intended to
meet fish exclusion objectives. Fish exclusion structures will be designed to mindimize carp
movement upstream of Foad 16 and minimize carp movement downstream of Foad 20. The
strctures will attempt to retain planted hatchery trout en public land. Where possible,




some of the stractures may alzo be designed to emhance other wildlife populations,
incliding waterfow] and MNorthemn Leopard Frog, through water level regulation

Cost Estimate

A concephial-level cost estimate was prepared for the construction of each of the struchires.
Current mnit cost information was collected for materials, as opposed to relying strictly on
historical information.

The cost estimate exclndes permitting, final desizn, and potential impacts from tasks that
have not been performed such as detailed soils investigations and hydraulic modeking,
Also, the cost estimate excludes operation and maintenance costs.

The estimate was prepared in accordance with the guidelines of the Assodation for the
Advancement of Cost Engineering (AACE) International. According to the definitions of
AACE International, the Class 5 Eztimate i= defined as the following:

Class 5 Estimate: This estimate is prepared based on limited information, where little
more than proposed plant type, its location, and the capacity are kmown. Strategic
planning purposes include but are not imited to, market studies, assessment of
viability, evaluation of alternate schemes, project screening, location and evaluation
of resource needs and budgeting, and long-range capital planning, Examples of
estimating methods used include cost/ capadty curves and factors, scale-up factors,
and parametric and modeling techniques. Typically, little time is expended in the
development of this estimate. The expected acouracy ranges for this class estimate are
-20 to -3 percent on the low side and +30 to +100 percent on the high side.

The cost estimates shown, which include any resulting conclusions on project financial or
economic feasibility or imding requirements, have been prepared for guidance in project
evaluation and implementation from the information available at the time of the estimate.
The final costs of the project and resulting feasibility will depend on actual labor and
material costs, competitive market conditions, actual site conditions, final project scope,
implementation schedule, continuity of personnel and enginesring, and other variable
factors. Therefore, the final project costs will vary from the estimate presented here. Becanse
of these factors, project feasibility, benefit/ cost ratios, risks, and funding needs mnst be
carefully reviewesd before maldng specific finandal dedsions or establishing project budgets
to help ensure proper project evaluation and adequate funding,

The cost estimate is inclnded as Attachment 2 with the summary cover followed by eight
itemized cost estimates, labeled as Attachment 2 - Exhibit 1 to Exhibit 8.

Recommended Locations and Structures

Thi= section, originally presented in the Preliminary Feport, has been revised to focus on
just those locations and structures selected by Feclamation and WDFW following their
reviews of the Preliminary Feport.




Eshibit 1 shows the general vicinity of the proposed stucture locations from upstream to
dowmnstream: Old Railroad Station, Upper Wildlife Structure (Flood Flat), Loan Spring,
Foad 16 Crossing, and the Lower Wildlife Structure (Spud Field).

Exhibit 2 depicts the longitndinal profile of Crab Creek: throngh the project ar=a and
describes the fish presence within each reach. Existing comditions in Crabr Creek and Loan
Springs include both trout and carp. Acceptable future conditions, as stated by WDFW,
wionld entail maintaining Loan Springs and the Crab Creek reach between the Foad 20
vicinity and Foad 16 as trout only. Ideal future conditions wonld extend the dowmstream
boundary of the trout-only reach to the Lower Wildlife Structure and eliminate downstream
movement of carp at all life stages below the Foad 20 vicmnity.

Each of the proposed locations and corresponding structures is described in more detail in
the following sections. (Exhibits describing the existing conditions at each of the locations
(plan, profile, and cross section along with ground-level and some aerial photos) were
included in the Preliminary Feport and are not repeated here. Fhotos depicting locations of
test pits and borings completed during the geotechnical axploration are included as
Attachment 2 of the 30 Percent Pre-Design Feport and are not repeated here )

Old Railroad Station

Following review of the Preliminary Feport, Feclamation and WDFW directed CH2M HILL
to focus the contimued design at the Old Failread Station location. This location is expected
to meet almost all the goals for the uppermost fish exclusion structure, with the exception of
failing to contain the trout only to the public land reaches and providing a complate barrier
to dowmstream movement of carp. Final site selection would be subject to field verification
and approval by any affected landowners, Feclamation, and WDFW.

Design Considerations and Criteria
This location mests many of the requirements for a vertical and velodty bamier including
the following:

+ Based on the available contours provided by Feclamation, an elevation drop of
approsdmately 7 feet is present thromgh this reach.

+  Chanmnel is confined and relatively well defined.

« Baclowater effects are not expected to adversely affect the private land adjacent to this
site, but this needs to be verified as part of a future design step.

+ Old railroad grade could provide protection for the existing railroad grade (potential
effects om the railroad would need to be addressed but given the stespness of this reach
a solution should be possible).

+ Subsurface conditions are typically a poorly graded gravel with sand and clay (GP-GC).
Very little to no topsoil was encountered. Groundwater was not encountered, and
sidewall stability was good in two test pits excavated in this area. Material to construct
any levee associated with the barrier can be sourced locally from within the floodplain.
It is anticipated that the subsurface will function well as-is with the type of proposed
barrier structure, and will not require additional measures such as a outoff wall.




»  There are very large boulders present at this site. At the surface, some were observed
with a masimim dimension of 10 feet, and have an estimated weight of 7 tons. There are
locations within the vicinity that can be selected to avoid most of these boulders, and
thereby minimize excavation and construction costs.

The structure is intended to minimize upstream movement of trout and dowmnstream
movement of carp and not be classified as a dam This requires optindzing the following
design criteria and considerations:

«  Stmuctures with impoundment heights less than 6 feet and that do not pese a significant
public risk if they should fail can be exempted from compliance with State of
Washingtom Diam Safety requirements. There is minimal public risk posed by failure of
any of the propesed structures and all stuctures will create an impoundment depth of
less than 6 fest.

« A total drop of at least 3 feet at all flows is recommended to prevent upstream trout
movement (Eorth, personal conmmunication, 2008).

+ The stucture will develop higher velodities across the crest and aprom that along with
the vertical wall may serve to inhibit the npstream movement of trout, especially if the
flow is shallow.

+» The existing barrier om Rocky Ford at the lower hatchery has a vertical drop of 4 feet and
an apron with shallow flow that appears to be stopping most upstream trout migration
(Forth, personal commumication, 2008).

» The proposed design of this structure wonld not typically be considered a barrier to
downstream movement of fish, but there are hydraunlic conditions at this structure that
may discourage downstream movement. In general, carp would be expected to fry to
avoid being swept downstream over the top of a structure through high velocity,
shallow depth flows that would ocour over the proposed concrete structure.

Concept Drawing Description and Exhibits
CHXM HILL prepared the pre-desisn for a combined vertical and welodty barrier at the Old
Failroad Station location (Exhibit 1). The vertical barrier would span the full charmel width

of 150 feet and have two concrete aprons as well as a fp rap apron. The concrete aprons
total 25 feet in length while the rip rap aprom is 20 feet long (Exhibit 3).

Based upon the initial design and hydraulic analysis, the proposed struchire has been
configured to meet the 6.0 feet mawinmm height criteria. Combined with the fact that it
appears to not pose a significant risk to public safety, the structure will likely attain an
exempt status. However, it has been designed to just mest the masimm height allowable.

From a fizh barrier perspective, the desizn criteria appear to be met all the tme when the
fow is 100 cfs, and most of the time when flows are 6530 cfs. Specifically, with 100 cfs flows,
3 feet of drop will occur over the stucture onto the apron where the depth of flow will be
about 0.2 feet (Exhibit 3). During the three months of the year when the flows increase to
630 cfs, there will be a drop of 3.0 feet into about 0.5 feet of water (Exhibit 3). However,
becanse of the unstable hydramlics, there will be brief, but repeated, moments when the
drop is reduced to about 2.3 feet if the hydraulic jump ccours om the apron.




The combined wertical and velodty barrier approach should generate velocities across the
apron that are fast enough to minimize fish movement across the apron toward the vertical
barrier at the 630 cfs flow scenarin, thereby addressing the concern that the vertical barrier
may be less than 3.0 feet for brief periods of time. For example, at flows of 630 cofs, the
velocity across the 15-foot long declined apron, when the hydraulic jump forms
dovmnstream from the upstream wall, i= 7.3 ft/zec. This combination of vertical drop and
velocity exceed the passage criteria for trout (WAC, 2003).

Cost Estimate

The total construction cost for the Old Failroad Station Stracture is 5222324, excluding
mark ups and escalation. Individual line item components and the total amount are
sumnmarized in Attachment 2 - Exhibit 1.

Remaining Question

+  Are there any potential effects on private land, the adjacent railroad grade, or related
permitting implications if backwater is created by a velocity or vertical barrier?

Upper Flood Flat Berms

With the creation of perenmial flow in Crab Cresk, WDFW sees Upper Flood Flat as an
excellent location to create new habitat for MNeorthem Leopard Frog for a relatively minimal
cost through the construction of strategicallv-placed berms and two water control
struchures.

Design Considerations and Criteria

The site would be filled early in the spring, during the 100 ofs flow, to provide frog breeding
habitat. The site would be partally drained and then maintained at that new elevation for
most of the sunnmer. The site would be fully drained in the fall in a way that would prevent
stranding of trout. WDFW is providing additional detail for the design criteria.

Becamse WDFW does not want to have the frog breeding and rearing habitat areas and
assocated berms classified as impoundments and dams, WDFW will provide additional
details to Reclamation and CHXW HILL to Emit risks. No geotechnical exploration was
completed by CH2M HILL at this location, and therefore the expected geotechnical
performance of any constructed berm would be uncertain.

Concept Description and Exhibits

The concept design for the Upper Flood Flat isolation areas is described below. It is expected
that WDFW would use State equipment or hire a local contractor to move local material
around as needed to repair washed-out sections of the existing berm and create new berms
to restore the ability to impound water. It is also expected that this process would be
repeated from Hme to time in future years as needed to repair minor damage or replace as
neaded if major damage or complete loss ooours.

It is not cost effective or reasonable to design flood-proof structures for these berms. Crab
Creek is subject to large although infrequent, flash flood flows that would make it costly to
design structures that will remain in place during flood events along Crab Creek. Itis
possible to comstruct the berms with a portion of the berm crest set at a lower elevation to




promote breaching of the berm during flood flows in a spedific location. This may localize
the failure thereby limiting the amount of Hme and cost required for repairs. However, the
performance during high flows is uncertain and breaching could result in significant
damage to the berm. A typical berm section is shown in Exdhibit 4.

Morth Flood Flat Isolation from Crab Creek channel
WDFW provided the following specifications to isolate a section of INorth Flood Flat from
the Crab Creek channel (Exhibit 3A).

Morth Flood Flat inlet levee is 29 meters in length with an average height of (.71 m
(28 in) and includes a drop board WCS (water control structure). The MNorth Flood
Flat outlet levees (n=3) total 159 m in length with an average height of (.64 m (23 in)
and includes a drop board WCS. Two swales are necessary to ensure proper filling
and drainage and provide leves material. The swales are 712 m (upper) and 32 m
(lower) in length with an average depth of 0.61 m (24 in). Cne cross-leves will
enhance management flexibility and is 305 m in length with an average height of
0.91 m (36 in). The aoss-levee also includes a drop board WCS.

Together, the North Flood Flat berms and swales would require approsdmately 2,900 cubic
vards of fill and 1,300 cubic yards of excavation for a balance of 1,600 cubic yards of fill
({Exhibit 6).

South Flood Flat Izolation from Crab Creek channe!
WDFW provided the following specifications to isolate a section of South Flood Flat from
the Crab Creek charmel (Exhibit 3B).

South Flood Flat levee repair includes 93 m of material at an average height of 0.33m
(21 in) in height. Isolation of the South Flood Flat from Crab Creek would require a
615 m leves at an average height of 061 m (24 in). A swale is necessary to ensure
proper drainage and provide leves material. The swale is 209 meters in length with
an average depth of 0.61 m (24 in).

Together, the South Flood Flat berm= and swale would require approsimately 2,700 cubic
vards of fill and 300 cubic yards of excavation for a balance of 2,200 cubic yards of fill
(Exhibit 6).

Cost Estimate

The total construction cost is 56,864 for the Morth Floed Flat Berms and 56,029 for the South
Flood Flat Berms, exclnding mark ups and escalation. Individual line item components and
the total amount are summarized in Attachment 2 - Exhibits 6 and 7. Cost includes the

berms, swales, and three water contrel structures (# be mcluded in the 100 Fercent Pre-Diesien
Cost Esfimte).

Upper Wildlife Structure (Flood Flat)

The Upper Wildlife Structure at the dowmstream end of Flood Flat needs improvements so

that it can be operated to control water levels for waterfow] habitat. A repair to an existing

berm is also required to meat the management goal. The structure will not be managed as a
fish exclusion structure.




Design Considerations and Criteria

No geotechnical exploration was completed by CHZM HILL at this location, and therefore
the expected geotechnical performance of any constructed berm or structure is uncertain.
The existing concrete is considered to be in workable condition and will be used as is. Based
on CHZM HILL's discussions with gate manufacturers, the manufactorers recommend
using separate gates for undershot and weir flows to meet WDFIW' s management goal. The
metalworks on the existing structure will be removed, slide gates with operators suitable for
use with a gas-powered actuator will be installed, abutments on the exdsting structore will
be sealed on each end, and the berm will be repaired. Fepair of the berm has been included
in the discussion of flow control berms for the upper flood flat area.

Concept Drawing Description and Exhibits

CHM HILL prepared the pre-design for a new structure at the Upper Wildlife Structure
location (Exhibit 1). The esdisting structure spans the full channel width of 25 feet (Exhabit 7).
The each of the two gate openings will be approsimately 5 feet wide by 3 feet tall (Exhibit 7).
Eshibit 7 depicts the conceptual drawing showing separate gates for undershot and weir

fows.

Cost Estimate

The total construction cost for the Upper Wildlife Stucture is 5163,972, excluding mark ups
and escalation. Individnal line item components and the total ameunt are summarized in
Attachment 2 - Eshibit 2. Mo cost is included for demolition or concrete since the exdsting
comcrete foundation will be used in its current condition.

Upper Loan Springs Diversion

A concept design for the Upper Loan Springs Diversion was previously prepared by
CHXZM HILL and decumented in the April 17, 2007, report titled “Supplemental Feed Foute
for Potholes Reservoir — Alternative C —Crab Creek.” The berm would be located near the
central portiom of Willow Lake.

Design Considerations and Criteria

The structure should minimize dowmstream movement of carp into Loan Springs based
upon the following design criteria:

+ Top of berm iz high encugh so that 630 cfs continues to be routed through the west
outlet of Willow Lake

»  Water seepage through the berm is allowable

+ Berm is impermeable to larval-size carp (exact size to be determined)

+ Flows greater than 630 ofs may overtop the berm

+  The berm may require maintenance repairs or complete replacement following flows
greater than 630 cfs, following overtopping, or following a seismic event

+  Subsurface conditions vary from east to west across the proposed structure location
(Attachment 3). Within the sastern paleo-alluvial bench (test pits WETP-3, -6, -7, and




boring WEB-1), up to 2 fest of a dry, desiccated silt overlies a poorly graded gravel with
sand and silt (GP-GM). At the time of drilling, groundwater was encountered
approximately 17 feat below the surface of this bench (in the boring). The groundwater
table is expected to fluctuate seasonally. Sidewall stability was good in the test pits
excavated in this area. Material to construct the embankment can be sourced locally
from this alluvial bench, npstream of the proposed location (i.e. within the area to be
inundated by Willow Lake at typical future flows). It appears that suffident volume is
available for the embankment.

+ Toward the center of the drainage, the alluvial bench begins to slope downmwward until
the lamustrine surface from Willow Lake is encountered. This surface extends to the
western sidewall of the drainage valley. The lamstrine subsurface material consists of
lean clay and =silt with some organics (CL and ML), and an interbedded sandy layer
(depth varies from 2-3 feet down, depending on ground surface elevation).
Groundwrater was encountered within this sandy layer (test pits WETP-1, -2, -3, 4, and
boring WEB-3). Based on boring WEE-3, the fine-grained lacustrine deposits overly
alluvial material (similar to the bench) which was encountered at a depth of
approximately 13 feet. The depth to basalt rock within the valley bottom is unbmnown. It
iz anficipated that the exdsting subsurface will provide foundation support for the
embanlment, and will also work as an effective cutoff for seepage beneath the
embankment.

+ The need for a cuteff wall should be evaluated where the embankmment overlies the
allrvial bemch material.

+ Both sidewalls of the drainage valley are bounded by basalt. INear the surface, this
material is present as talus. This layer has the greatest thickness om the eastern sidewall,
although the actual thickmess overlying intact basalt is unlmown. On the western
sidewall, there is little or no talus, and intact basalt is present at the surface in some
locations. In boring WEE-2, approsdmately 33-feet of basalt was cored. This material was
found to have poor rock mass quality in the upper 10 feet, but the rock mass quality was
good to excellent below that depth.

The design composition of the berm will be determined, utlizng information from the
geotechmical exploration. The imtent is to use exclusively on-site material. The group
recognizes that the berm may become less permeable over time.

Based upon the hydraulic modeling completed for the Foad 16 crossing and the available
contour data provided by Feclamation, it appears that at 630 cfs Crab Creek will continue to
flow out to the northowest and not to the east as disoussed during the field visit. The
contours provided by Feclamation also indicate the water surface in Willow Lake is
currently controlled by the elevation between Willow Lake and Foad 16. This ground could
be excavated if a lower water surface elevation were desired in Willow Lake by Feclamation
and WDFW.

Concept Drawing Description and Exhibits
The group agreed that a permeable berm should be constracted at the narrowest section to

minimize disturbance and cost. This location is approsdmately 300 to 1000 feet further
downstream than the location shown in the April 17, 2007, report.

&




CHIM HILL prepared the pre-design for a permeable berm at the Upper Loan Springs
Dhiversion location (Exhibit 1). The proposed structure would span the full width of the
charme] valley (263 feet) and have a maximum height of 6 fest, but the configuration of the
berm will generally fit to the confisuration shown in the April 17, 2007, report. Under
normal operation hydranlic modeling results suggest that the water surface elevation will
be slightly less than the crest of the berm set to an elevation of 1163.0 feet (Exhibit 54 and
8B). Actual flows with natural losses would result in approxdmately 2 feet of freeboard.
With the toe of the stucture at an elevation of 116000 feet the proposed structure has been
configured to meet the 6.0 feet maxdnmm height arteria. Combined with the fact that it
appears to not pose a significant risk to public safety, the struchure will likely attain an
exermnpt statns.

Cost Estimate

The total comstruction cost for the Upper Loan Springs Diversion is 551,702, exchuding mark
ups and escalation. Individual line item components and the total amount are sunmarized
in Attachment 2 - Exhibit 3.

Remaining Questions

+  Stability and seepage analyzes of the embankment are neceszary to determine if
additional foundation improvements are needed for the portion of the embankment that
overlies the lacustrine deposits in the drainage bottom. Bearing capacity and setflament
will also be evaluated.

« Wil the placement of the berm affect Crab Creek hydraulics by reducing the capacity of
the floodway so as to create a temporary jurisdictional impoundment (during higher
flowrs)?

Lower Loan Springs Structure

The Lower Loan Springs Structure would be located in the vidnity of the current Foad 16
ford over Loan Springs. This stractare wonld be designed to minimize upstream movement
of carp from Crab Creek: into Loan Springs.

Design Considerations and Criteria

The structure must be located far enough upstream on Loan Springs to not be imundated by
the structure creating the Foad 16 aossing. The stacture must be located far enough
upstream that it is above any surface water commection between Crab Creek and Loan
Springs that esdsts at up to 630 ofs. At the Road 16 ford over Loan Springs, there is a drop of
approximately 4 feet from the pool above the road to the pool below the road. This drop
provides the opportunity to employ a vertical and velocity barrier at the site.

The structure is being desizned based upon the following hydraulic parameters:
+ Creates a barrier impassable to carp with 10 ofs of flow in Loan Springs

« Remain impassible to carp even when the flow in Loan Springs exceeds 10 ofs due to
water seeping through the Upper Loan Springs Diversion berm

« Dot be mundated by backwater from the Foad 16 crossing at flows of 630 ofs



» Subsurface conditions at the current Loan Springs crossing consist of poorly graded
gravel with sand and silt (GP-GC) overlying shallow basalt (see test pits LSTP-1, -2). The
depth to rock was less than 5 fest. Sidewall stability was good in the test pits excavated
in this area, and groundwater was not encountered. Material to construct the barrier
levees should be sourced locally from the Foad 16 alignment.

+ Two other potential material sources were evalnated nearby. Fefer to the discussion for
the Foad 16 and Diversion Stucture in the 30 Percent Pre-Diesien Feport.

The structure would look similar to, but be smaller than, the structure being designed for

the Old Failroad Station location. Provided the hydraulic criteria can be met, the structure
would be placed close to the exdsting path of Foad 16 becanse the road will be abandomed
and use of this site would minimize disturbance to the esdsting channel and riparian area.

Based upon the hydraulic modeling completed for the Foad 16 crossing and the available
contour data provided by Feclamation (that does not cover all of the proposed location of
the Lower Loan Springs Structure or Loan Springs itself), it appears that the extent of
irmmdation at 630 ofs through this flat area will not create a direct sunface water conmection
between Crab Creek and Loan Springs upstream of the proposed location of the fish
axclusion structore. Howrever, this should be addressed during the final desizn in case the
structure needs to be relocated further upstream on Loan Springs or fill material needs to be
added in the low area between the two chanmels to prevent the surface water conmection.

Concept Drawing Description and Exhibits

CHIM HILL prepared the pre-design for a combined vertical and velodty barrier at the
Lower Loan Springs Structure location (Exhibit 1). Based upon the initial design and
hydranlic analysis, the proposed structure has been configured to meet the 6.0 fest
masdnum height criteria. Combined with the fact that it appears to not pose a significant
risk to public safety, the structure will likely attain an exempt status. The vertical barrier
would span the full chanmel width of 43 feet and have a concrete apron that is 10 fest long
(Exchabit 9). A rip rap apron would be placed at the downstream side at channel grade. This
configuration of the struchure assumes that approsimately 730 feet of dowmstream charme]
re-grading would be required.

From a fish barrier perspective, the desizn criteria appear to be met all the time when the
flowr is 40 ofs. Spedfically, 3 feet of drop will occur over the structure onto the apron where
the depth of flow will be about 0.2 feet (Exhibit %). The combined vertical and velodity
barrier approach should generate velodties across the apron that are fast encugh to
minimize fish movemeant across the apron toward the vertical barrier. For example, at flows
aof 40 cfs, the velocity across the 10-foot long apron is £ 4 ft)/ sec (Exhibit 9).

Cost Estimate

The total construction cost for the Lower Loan Springs Shuchure is 561,096, excluding mark
ups and escalation. Individual line item compeonents and the total amount are summarized
in Attachment 2 - Exhibit 4.



Spud Field Berms

With the creation of perermial flow in Crab Creek, WDFW sees the Spud Field area as an
excellent location to create new habitat for MNorthem Leopard Frog for a relatively minimal
cost through the construction of strategically-placed berms and water control stractures.

Design Considerations and Criteria

The site would be filled early in the spring, during the 100 cfs flow, to provide frog breeding
habitat. The site would be partially drained and then maintained at that new elevation for
most of the summer. The site would be fully drained in the fall in a way that would prevent
stranding of trout. WDFW is providing additional detail for the design criteria.

Becanse WDFW does not want to have the frog breeding and rearing habitat areas and
associated berms classified as impoundments and dams, WDEFW will provide additional
details to Reclamation and CHZM HILL to Limdt risks. No geotechnical exploration was
completed by CH2WM HILL at this location, and therefore the geotechmical performance of
any berm or structure constructed at this location is nmoertain.

As discussed during the June 3 conference call, regarding the berms for the amphibian
areas, WDEFW will provide lengths and elevations. To maintain access to the structure, a
loww, drivable berm will need to be constructed for driving out across habitat area to reach
operating gates and/ or service the new structure. This access road would need to be about
12 feet wide and 1.3 to 3 feet high.

Concept Drawing Description and Exhibits

The concept design for the Spud Field isolation areas is descaribed below. It is expected that
WDFW would use State equipment or hire a local contractor to move local material around
as needed to repair washed-out sections of the berm and restore the ability to imypound
water. Itis alzo expeacted that this process would be repeated from Hime to ime in futura

VEArs.

It is not cost effective or reasonable to design flood-proof structures for these berms. Crab
Creelk is subject to large althongh infraquent, flash flood fows that wonld make it costly to
design structures that will remain in place during flood events along Crab Creek. Itis
possible to comstruct the berms with a portion of the berm crest set at a lower elevation to
promote breaching of the berm during flood flows in a spedific location and thereby
potentially limiting the amount of time and cost required for repairs. However, a significant
fleod could require in major repairs and replacement of the berm.

Spud Field isolation from Crab Creek channel
WDFW provided the following specifications to isolate a section of the Spud Field from the
Crab Creek charmel (Esxhibit 5C).

The Spud Field levee is 1,093 m in length with an average height of 1.27 m (30 in)
and includes a drop board WCS. A swale is necessary to ensure proper drainage
and provide levee material. The swale is 301 meters in length with an average depth
of 0.61 m (24 in). Southeast of the Spud Field, additional leves material is needed to
isolate the Homestead Creek system (currently carp-free) from Crab Creel:. This
would be an addition of material to an existing levee to raise it high emough to



effectively isolate the system. This leves is 84 m in length and would need to be 0.91
m (36 in) in height.
At the Spud Field, all the berms and swales would require approsimately 13,100 cubic yards
of fill and 1,200 cubic yards of excavation for a balance of 11,900 cubic vards of fill (Exhibit
6).

Cost Estimate

The total construction cost for the Spud Field Barms is 518,384, excluding mark ups and
escalation. Individual line item components and the total amount are summarized in
Attachment 2 - Exhibit 8. Cost includes the berms and one water control structure (o be
included m the 100 Percent Pre-Design Cost Estimate).

Lower Wildlife Structure (Spud Field)

The Lower Wildlife Structure at the dowmstream end of the Spud Field needs improvements
so that it can be operated to control water levels for waterfowl] habitat. The structure will
also be managed as a fish exclusion structure to minimize upstream movement of carp into
Crab Creek. In addition to the structure, repairs to an existing berm may also be required to

mest management goals.

Design Considerations and Criteria

Hydraulic analysis at the new Foad 16 Crossing indicates that perched culverts are nota
feasible altemative for a fish exclusion struchure at that location. Therefore, the Lower
Wildlife Structure will be desizgned and constructed to both function as a fish exclusion
structure and comtrol water levels.

Mo geotechnical exploration was completed by CH2M HILL at this location. However,
based on observations made at the site and i the excavated Crab Creek chanmel, basalt rock
is very shallow in the vicnity of the proposed stuctore. Adequate support for any
embanlanent or concrete struchures is anticipated. Material sources are also anticipated to be
found locally for short levees or berms. The rock: stockpiled along the charmel can also be
utilized for armoring or rprap.

The existing structure is comsidered to not be in workable condition and will need to be
demolizhed zo that the new structure can be built. Based om CH2M HILL' s discussions with
gate manufacturers, the manufacturers reconmmend using separate gates for undershot and
weir flows to mest WDFW' s management goal. Slide gates with operators suitable for use
with a gas-powered actnator will be installed, and the berm will be repaired.

The structure should control water levels and minimize upstream movement of carp inte
Crab Creek based upaon the following desizn criteria:

+ Mlinimize maintenance requirements assodated with cleaning and operating the
structure.

+  Allow flow both over and under the gates and inchude a screen component to minimize
upstream movement of carp when the gates are open so that the Spud Field can drain.



Concept Drawing Description and Exhibits

CHIM HILL prepared the pre-design for a new structure at the Lower Wildlife Structure
location (Exhibit 1). The esdsting structure spans the full channel width of 23 feet (Exdhibit
10A). The each of the two new gate openings will be approximately 10 feet wide by 3 feet
tall (Eschibit 108). Eshibit 106 depicts the conceptnal drawing showing separate gates for
undershot and weir flows.

Cost Estimate

The total comstruction cost for the Lower Wildlife Strocture is 5718,007. Individual line item
components and the total amount are summarized in Attachment 2 — Exhibit 5. Costs
nclude demolition and concrete as well as constructon of the access road and bermes.
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EXHIBIT 5A
North Flood Flat Isolation from Crab Creek channel
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South Flood Flat Isolation from Crab Creek channel

EXHIBIT 5B




EXHIBIT 5C

Spud Field Isolation from Crab Creek channel




Horth Flood Flat South Flood Flat Spud Field

Inlet Cutiets Ciroas Uppear Lower | Repair  |solation Swale | Spud Field Homestead Upper
Structure Type barm barm berm swale swale barm barm  swale berm be=mm swals
Length (it} 85 522 1,000 B9E 1,122 Nz 208 686 3,583 76 1,644
Height {fi) 23 2.1 30 20 20 17 20 20 42 30 20
Shape Trapz Trapz Trapz v v Trapz Trapz v Trapz Trapz v
Top Width (ft) 0 10 10 na na 10 10 na 10 10 na
Sade Slope 3:1 3:1 3:1 a1 3:1 3:1 3:1 3:1 3:1 3:1 3:1
Fill fberms} (cu yd) 140 662 2,003 na na 306 2305 na 12478 578 na
Exc. (swales) {cuyd) na na na =ling B9 na na S na na 1,199
Balance by Location
Fill {cw yd) 2,900 2700 13,100
Cut {ru yd] 1,300 500 1,200
Fill Balance (cuyd) 1,600 2,200 11,900

EXHIBIT &

Cut ard Fill Calculations Based Upon Details Provided by WDFRW
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