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FEMA Floodplain Boundaries

The Lake Ballinger 100-year Floodplain boundary as established by Federal Emergency Management
Agency (FEMA) is located in both the City of Edmonds and the City of Mountlake Terrace. The
boundary is shown in Figure B-2-1. FEMA classifies the Lake Ballinger 100-year floodplain
boundary as “Zone A.” Zone A is defined as having “no base flood elevation determined.” Zone A
delineations are determined by using the “approximate method” developed by FEMA. This means
that the boundary was determined using the best available data, but survey accurate data of the
floodplain boundary was not collected.

In the lower watershed, the Sheridan Beach 100-year Floodplain boundary as established by FEMA
is located in the City of Lake Forest Park. The boundary is shown in Figure B-2-2. FEMA classifies
the Sheridan Beach 100-year floodplain boundary as partially “Zone X, “Zone A” or “Zone AE.”
Zone X is defined as areas “of 500-year flood; areas of 100-year flood with average depths of less
than one foot or with drainage areas less than one square mile; and areas protected by levees from
100-year flood.” Zone AE is defined as an area having a base flood elevation determined. A portion
of the Sheridan Beach floodplain has also been determined using the “approximate method,” but is
also not survey accurate.

It is suggested that the FEMA 100-yaer flood plains at both Lake Ballinger and Sheridan Beach are
remapped using a more accurate method then the approximate method to establish the 100-year
flood elevation.

Discussion of Floodproofing Techniques

Floodproofing involves application of retrofitting techniques to reduce or eliminate flooding of
flood prone structures. As defined by FEMA®, “retrofitting involves a combination of adjustments or additions
to features of existing structures, that are intended to eliminate or reduce the possibility of flood damage”. There are
five main retrofitting techniques:

1. Elevation: The elevation of an existing structure on fill or a foundation is raised above the
flood level.
2. Relocation: Relocating an existing structure outside the defined floodplain.

w

Dry Floodproofing: This technique strengthens existing foundations, floors and walls to

endure forces caused by a flood while making the existing structure watertight.

4, Wet Floodproofing: This technique makes utilities, structure components, and contents
flood- and water-resistant during periods of flooding within the structure.

Floodwalls/Levees: This technique places floodwalls or levees around an existing structure.

o

1 “Engineering Principles and Practices of Retrofitting Flood-Prone Residential Structures” by FEMA (January 1995).
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Elevating a structure is an effective technique because it prevents floodwaters from reaching a level
that causes damage to the structure or puts life in danger. The structure should be elevated so that
the lowest floor is at or above a designated flood protection elevation.

Relocation is an appropriate retrofitting technique in high hazard areas where continued occupancy
is not safe. This option also allows communities to consider using this area for other appropriate
floodplain activities. The cost of implementing this measure includes moving the structure (with
utilities), construction of a new foundation, and restoration of a site.

Dry floodproofing is a technique that seals a portion of a structure below the flood protection level
making the exterior components of the structure impermeable. This technique is usually used where
floodwaters are less than three feet deep because walls and floors in residential structures may
collapse or buckle under higher water levels.

Wet floodproofing is a technique that modifies an existing structure to allow floodwaters to enter a
structure in a manner to minimize damage to the structure and its contents. This technique tends to
be used when other techniques are not feasible or are too costly.

Floodwalls and levees is a technique that involves the construction of localized barriers between the
structure and the source of flooding. The two types of barrier, floodwalls and levees can be built at
limited heights, based on zoning and space. These barriers are designed to keep floodwaters from
coming into contact with an existing structure.

Dry and wet floodproofing are considered short-term actions. Structure elevation, structure

relocation and floodwalls and levees are considered either medium-term or long-term actions and
are classified for the purposes of this analysis as long-term actions.
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Hall Creek

Flooding History

Flooding issues on Hall Creek in Mountlake Terrace are due to undersized culverts which are being
addressed by the City’s recently-approved Capital Improvement Program (CIP), which is scheduled
to replace and upgrade the culverts just north of the Lake Ballinger golf course on Hall Creek.
Flooding issues on Hall Creek within Lynnwood are limited to the culvert crossing at 212" Street
SW. This culvert is subject to blockage by debris or beavers, causing the level of Hall Lake to rise.

Specific flood reduction elevation goals have not been set for Hall Creek; however, the City of
Lynnwood has developed flood reduction goals. are set forth in its storm water utility fund
document for 2005/2006 which states, “Maintain the City’s storm drainage system using the 1998
[City of Lynnwood] Comprehensive Flood and Drainage Management Plan as guidance for
recommended frequencies and priorities to aid in reducing incidents of flooding, damage to property
and closure of streets, and to optimize storm water infrastructure life . . .”

Hall Lake

Flooding History

In March 2002 a study was prepared for the City of Lynnwood entitled “Hall Lake Water Quality
and Quantity Evaluation.” According to this study, the total surface runoff to the lake has been
altered since the beginning of development within the watershed. The nutrient loading to Hall Lake
had also increased. Hall Lake had been the subject of many studies from 1950 to present day.

The Hall Lake drainage basin consists of 135 acres from the City of Lynnwood and 46 acres from
Mountlake Terrace and Interstate-5 (I-5) (2000 feet of Washington Department of Transportation
right of way).

According to the 2002 report, the three main concerns of the residents who live at Hall Lake are:
lake levels, water quality and outlet channel maintenance. The first concern regards hydraulics of the
lake and outlet channel, water level of the lake rising over time, near shore areas have flooded for
longer periods than in the past, and surfaces water that have historically flowed to the lake have been
diverted into the City of Lynnwood’s drainage system. The second concern is water quality in
regards to high concentrations of silt from 1-5 runoff. The third concern is the outlet channel
maintenance because historically the residents have maintained the outflow channel between the
culvert under Hall Lake Road and 212" Street SW. Due to permit restriction this maintenance was
suspended by residents. In addition, vegetation growth in the wetlands of Hall Lake outlet culvert
may have constricted the channel contributing to elevated water levels during periods of high flow
(cfs) to Hall Lake.
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Key finding and recommendations presented in the 2002 report include:

1. The Hall Lake Association should consider forming a Lake Management District to enable
themselves to apply for grant and loan funding independent of the City.

2. Surface-water monitoring program for Hall Lake to evaluate nutrient input in the lake and
in-lake water quality.

3. Control lake water quality through in-lake treatment processes, such as alum treatment,
hypolimnetic withdrawal aeration or dilution.

4. Treat runoff from the southbound lanes of 1-5 before Hall Lake.

5. Contaminated soils are left undisturbed.

In October 2000, Jones and Stokes prepared a study for the City of Lynnwood titled “Stream
Habitat Analysis: Salmonid Habitat Assessment, City of Lynnwood.” According to this report, Hall
Creek is low-gradient urban stream that flows from Hall Lake to Lake Ballinger through a narrow
riparian corridor that is forested for approximately half its length. The flood-prone width of the
Creek is from 20 feet to 150 feet. The culvert at 212" Street may be undersized; on March 23, 2000
and during the December 2007 flood, the inlet and outlet were completely submerged. Increasing
culvert capacity might reduce ponding upstream of the culvert, which could increase stream velocity
and flush out some fine sediment during high flow events.

Lake Ballinger

Flooding History and Extent

A total of five residential properties along Lake Ballinger are subject to flooding as shown in Figure
2-4. The total assessed valuation of these properties is about $2,800,000. Only three of these
properties are subject to flood levels reaching residential structures. Outside of the properties, docks
have experienced flooding.

The following are the elevation goals to protect structures, lawns and docks as provided by the City
of Edmonds. The datum for elevations cited in this memorandum is the National Geodetic Vertical
Datum of 1929 (NGVD 29).

e Structures: Elevation 279.3 feet

e Lawns and docks: Elevation 277.4 feet

The 100-year lake stage for the undeveloped forested watershed condition is Elevation 279.87 feet
from Appendix B of Technical Memorandum No. 1. This is higher than the target elevation of
Elevation 279.3 feet for no flooding of existing structures. An elevation of 279.3 feet occurs
between the 25-year and 50-year events. Thus, complete conversion of the lake watershed to forest
would not prevent flooding of existing structures for the higher return period events. The 2-year
lake stage for the forested condition is Elevation 278.32 feet, which is 0.9 feet higher than the target
elevation to protect lawns and docks. Thus, development adjacent to the lake has taken place in
areas that would have flooded in the undeveloped forested state of the watershed assuming the same
outlet system and weir elevation level management program were in place.
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Lower McAleer Creek

Flooding History and Extent

As discussed in Technical Memorandum No. 1, flooding in lower McAleer Creek occurs within the
City of Lake Forest Park in the Towne Centre area north of SR 522 and the Sheridan Beach area
south of SR 522.

The City of Lake Forest Park’s stated elevation goal is to reduce flooding so that structures are not

flooded. For the purpose of this analysis, it is assumed this will be accomplished if 100-year flood
flows are conveyed and contained in the McAleer Creek and Lyon Creek stream and culvert systems.
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Table D-1 - Evaluation of Potential Actions to Address Watershed Issue A

Flooding of Properties on Hall Creek and Lake Ballinger

Actions to Address Causes

Option Evaluation Criteria*

Effectiveness Review
(flow or water Ability to Alternative
Time Frame Action Type Generalized Action Alt. No. Potential Action quality) Cost/Benefit | Implement Total Score Further?
] A-ST1 |Flood-proofing — wet or dry floodproofing. (Private funding.) 5 4 2 1 Yes
Infrastructure Management, Retrofit or Upgrade
Culvert replacement 1 1 4 6 No
Capital § o . LID BMP retrofits by Residences 1 1 4 6 No
Low Impact Dev_elopment (LID) Best Management Retrofits (to enhance infiltration LID BMP retrofits by Businesses T 1 7 5 No
and evapotranspiration) : —
LID BMP retrofits by Cities 1 1 3 5 No
. . A-ST2 [Flood-proofing education 1 2 5 8 Yes
Public Education Education Program: What every citizen can do to help (examples: plant trees, reduce use of fertilizer, etc.) 1 2 2 5 No
Short Term/1-3 Years _ - - —— - —— :
Maintenance A-ST3 [Coordinated hot spot checking & prioritized cleaning of stormwater facilities 1 5 5 11 Yes
Public Involvement A-ST4 [Volunteer Groups: For public education; spot checks; coordination and collaboration 1 5 3 9 Yes
Operational Require more stringent flow control regulations for all development/redevelopment. 1 2 3 6 No
Require Low Impact Development - Implement common mandatory LID codes and regulations in all jurisdictions. 2 2 3 7 No
Regulation or Code Changes: Flow Control Annual LID Retrofit Program that identifies and evaluates projects and provides incentives. 1 1 4 6 No
Adopt more stringent regulations than the 2005 Ecology Manual for lots greater than 1 acre. 1 3 2 6 No
Infrastructure Management, Retrofit or Upgrade Commercial property flow control retrofits 1 2 1 4 No
Construct new regional stormwater detention and/or infiltration facilities upstream of Lake Ballinger. (Outside SR 99 and I-5 3 3 8 Yes
A-MT1 corridors.) Note: Regional Detention alternatives will consider constructed wetland, open pond and buried vault options.
Capital Large Capital Improvements: Regional Retention/Detention AMT2 - . . .
Medium Term/4-6 Enlarge/retrofit existing flow control systems upstream of Lake Ballinger including Chase Lake, Echo Lake and Hall Lake. 1 2 1 4 No
Years
Low Impact Development Best Management Retrofits (to enhance infiltration and Street improvements with green street approach to residential, commercial, development, and public roadway improvements. 1 1 2 4 No
evapotranspiration)
i i i Require reforestation and tree planting tree/vegetation retention for both new development and redevelopment. 1 2 3 6 No
Operational Regulation or Code Changes: Reforestation Change zoning and allowable development/redevelopment to reduce stormwater volume impacts 1 3 2 6 No
A-LT1 |Flood-proofing — elevate structure, relocate structure, floodwall or levee. (Private funding.) 5 4 1 10 Yes
Large Capital Improvements SR 99 flow control and infiltration retrofit upstream of Lake Ballinger 2 3 2 7 No
1-5 corridor detention/infiltration retrofit upstream of Lake Ballinger 2 3 2 7 No
A-LT2 |High flow bypass system from Lake Ballinger to Lake Washington 5 2 2 9 Yes
. Modification/Dredging of Lake Basin to increase lake storage and peak flow storage/detention. 3 1 1 5 No
Capital Capital Improvement High flow bypass system from Lake Ballinger to regional detention downstream within McAleer Basin. 3 2 2 7 No
Long Term/Greater Transfer of water (peak flows) by pumping to adjacent watershed for discharge to Puget Sound or Lake Washington 3 2 1 6 No
Than 6 Years
Low Impact Development Best Management Retrofits (to enhance infiltration and Long-term commitment and program to design and build LID BMPs to retrofit existing infrastructure. 1 2 3 6 No
evapotranspiration)
Operational Lower storage, modify weir and to manage the lake level during storm events; also establish new seasonal lake levels. 4 5 1 10 Yes
Develop Lake Level Management Plan A-LT3
Buyout flood-prone properties around Lake Ballinger and other properties within the flooding prone/problem areas. 5 4 2 11 Yes
Property Buy-Out A-LT4
Evaluation Criteria Responsibilities: Alternative Numbering: Scoring:
*See Project Selection and Evaluation Process The action options are not necessarily the sole responsibility of the member jurisdictions. Issue = A 5= High
Memorandum dated January 13, 2009, for a Due to the large amount of private property contribution to the identified flow and water Timeframe: 4 = Medium-High
description of what is included in each of these  [quality issues, some actions can only be taken by private land owners or with a public/private ST = Short-Term 3 = Medium
three Option Evaluation Criterion. These tables |partnership. MT = Medium-Term 2 = Medium Low
will be referred to as part of the Tech Memo #2. LT = Long-Term 1=Low

Project/action Number: 1

15 = Maximum Total Score
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Table D-2: Evaluation of Potential Actions to Address Watershed Issue B

Lake Ballinger Water Quality/Habitat

(Algae blooms in Lake Ballinger make it undesirable for recreation)

Actions to Address Causes

Option Evaluation Criteria*

Project/action Number: 1

15 = Maximum Total Score
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Effectiveness Review
(flow or water Ability to Alternative
Time Frame Action Type Generalized Action Alt. No. Potential Action quality) Cost/Benefit Implement Total Score Further?
. L i LID BMP retrofits by Residences 1 1 4 6 No
Low Impact_De_veIopment Best Management Retrofits (to enhance infiltration and L1D BMP retrofits by Businesses 1 1 7 5 No
evapotranspiration) _ _
Capital LID BMP retrofits by Cities 1 1 3 5 No
. i SolarBee lake circulation units 1 1 3 5 No
Mechanical Best Management Practices AU treatment 7 3 5 0 No
i . Education Program: What every citizen can do to help (examples: Waterfowl control, plant trees, reduce use of fertilizer, etc.) 1 2 2 5
Public Education No
Short Term/1-3 Years Public Involvement Volunteer Groups: For public education; coordination and collaboration 1 5 3 9 No
Designate Lake Ballinger as Phosphorus sensitive - apply phos treatment standards within watershed 4 4 2 11 No
. Annual LID Retrofit Program that 1Ds projects and incentives. 1 1 4 6 No
Operational Require Low Impact Development (LID) ordinance - Implement common mandatory LID codes and regulations in all 2 2 5 9
Regulation or Code Changes jurisdictions. No
B-ST1 |NPDES Phase Il Permit Implementation 3 3 5 11 Yes
B-ST2 |Continue TMDL Lake Ballinger Monitoring 1 5 5 11 Yes
Adopt more stringent regulations than the 2005 Ecology Manual for lots less than 1 acre. 3 3 3 9 No
Commercial property water quality retrofits 1 2 1 4
Infrastructure Management, Retrofit or Upgrade No
Capital Large Capital Improvements Construct new regional water quality facilities 2 3 2 7 No
Retrofit water quality treatment throughout basin 3 3 2 8 No
Medium Term/4-6 Low Impact Development Best Management Retrofits (to enhance infiltration and Street improvements with green street approach to residential, commercial, development, and public roadway improvements. 1 1 2 4 No
Years evapotranspiration)
Require reforestation and tree planting tree/vegetation retention for both new development and redevelopment - route 2 2 3 7
Regulation or Code Changes stormwater to reforested areas. No
Operational Change zoning and allowable development to reduce water quality impacts 1 2 2 5 No
i B-MT1 |Water Quality Monitoring for Lake Ballinger 1 4 4 9 Yes
Water Quality Management B-MT2 [Water Quality/Habitat Enhancement Plan for Lake Ballinger 1 4 4 9 Yes
SR 99 water quality retrofit upstream of Lake Ballinger 3 3 3 9
Infrastructure Management, Retrofit or Upgrade No
Lon%;l; i”: { ;rrzater Capital 1-5 corridor water quality upstream of Lake Ballinger 4 2 3 9 No
Large Capital Improvements Retrofit stream habitat for salmon through water quality improvements 4 3 1 8 No
Low Impact_De_veIopment Best Management Retrofits (to enhance infiltration and BLTL Long-term commitment and program to design and build LID BMPs to retrofit existing infrastructure. 3 4 3 10 Ves
evapotranspiration)
Evaluation Criteria Responsibilities: Alternative Numbering: Scoring:
*See Project Selection and Evaluation Process The action options are not necessarily the sole responsibility of the member jurisdictions. Issue = A 5= High
Memorandum dated January 13, 2009, for a Due to the large amount of private property contribution to the identified flow and water Timeframe: 4 = Medium-High
description of what is included in each of these  |quality issues, some actions can only be taken by private land owners or with a public/private ST = Short-Term 3 = Medium
three Option Evaluation Criterion. These tables |partnership. MT = Medium-Term 2 = Medium Low
will be referred to as part of the Tech Memo #2. LT = Long-Term 1=Low




Table D-3: Evaluation of Potential Actions to Address Watershed Issue C

Downstream Flooding

(Excessive flows from upstream areas are causing flooding of downstream properties)

Actions to Address Causes

Option Evaluation Criteria*

Project/action Number: 1

15 = Maximum Total Score
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Effectiveness Review
(flow or water Ability to Alternative
Time Frame Action Type Generalized Action Alt. No. Potential Action quality) Cost/Benefit Implement Total Score Further?
Infrastructure Management, Retrofit or Upgrade C-ST1_|Culvert repla}cement - - - ! 3 4 8 ves
C-ST2 |Flood-proofing — wet or dry floodproofing. (Private Funding.) 5 4 2 1 Yes
Capital . o LID BMP retrofits by Residences 1 1 4 6 No
Low Impact Development (LI1D) Best Management Retrofits (to enhance infiltration
and evapotranspiration) LID BMP retrofits by Businesses 1 1 4 6 No
LID BMP retrofits by Cities 1 1 3 5 No
Short Term/1-3 years Public Education C-ST3 FIood—Prooflng education - — ! 2 5 8 Yes
Education Program: What every citizen can do to help (examples: plant trees, reduce use of fertilizer, etc.) 1 2 2 5 No
Maintenance C-ST4 |Coordinated hot spot checking & cleaning of stormwater facilities 2 2 4 8 Yes
Oberational Public Involvement C-ST5 |Volunteer Groups: For public education; coordination and collaboration 1 5 3 9 Yes
P Require more stringent flow control regulations for all development/redevelopment. 1 2 4 7 No
. Annual LID Retrofit Program that 1Ds projects and incentives. 1 1 4 6 No
Regulation or Code Changes - — ——
Require Low Impact Development - Implement common mandatory LID codes and regulations in all jurisdictions. 2 2 3 7 No
Adopt more stringent regulations than the 2005 Ecology Manual for lots greater than 1 acre. 1 3 3 7 No
Infrastructure Management, Retrofit or Upgrade Commercial property infiltration/detention retrofits 1 2 1 4 No
C-MT1 Construct new regional stormwater detention and/or infiltration facilities within the McAleer Creek Basin. (Outside of SR 99 2 3 2 8 No
and I-5 corridors.) Note: Regional detention alternative will consider constructed wetland, open pond and buried vault options.
C-MT2 Remove Lyon Creek overflows to McAleer Creek basin by constructing high-flow bypass system to Lake Washington from a 5 4 2 1 Yes
Capital Large Capital Improvements diversion upstream of Towne Centre. Modify McAleer Creek Culvert M585 to pass peak 100-year flow.
Medium Term/4-6 - - - -
Remove Lyon Creek overflows to McAleer Creek basin by upgrading capacity of Lyon Creek culverts. Modify McAleer culvert
Years C-MT3 5 4 2 1 Yes
M585 to pass peak 100-year flow.
Construct a berm or other wall type system to keep flow separated between Lyon Creek and McAleer Creek. 2 2 2 6 No
Enlarge/retrofit existing detention system volumes downstream of Lake Ballinger. 1 2 1 4 No
Low Impact_De_v elopment Best Management Retrofits (to enhance infiltration and Street improvements with green street approach to residential, commercial, development, and public roadway improvements. 1 1 2 4 No
evapotranspiration)
Require reforestation and tree planting tree/vegetation retention for both new development and redevelopment. 1 5 3 9 No
Operational Regulation or Code Changes qa - I pentig Vegea I W Ceveop - ida
Change zoning and allowable development/redevelopment to reduce stormwater volume impacts 1 3 3 7 No
Infrastructure Management, Retrofit or Upgrade C-LT1 |Flood-proofing — elevate structure, relocate structure, floodwall or levee. (Private Funding.) 5 4 1 10 Yes
Low Impact_De_veIopment Best Management Retrofits (to enhance infiltration and Long-term commitment and program to design and build LID BMPs to retrofit existing infrastructure. 1 3 3 7 No
evapotranspiration)
SR 99 flow control and infiltration retrofit upstream and downstream of Lake Ballinger 3 3 1 7 No
Capital 1-5 corridor detention/infiltration retrofit upstream of Lake Ballinger 4 2 1 7 No
Long Term/Greater P High flow bypass system from Lake Ballinger to Lake Washington 4 2 1 7 No
Than 6 Years Large Capital Improvements High flow bypass system from Lake Ballinger to regional detention downstream within the McAleer Creek Basin. 4 2 2 8 No
Bypass lower subbasin(s) to Lake Washington 3 1 1 5 No
Transfer of water (peak flows) by pumping to adjacent watershed for discharge to Puget Sound or Lake Washington 4 2 1 7 No
Programmatic Buyout flood-prone properties in Sheridan Beach. 5 1 1 7 No
Property Buy-Out
perty buy Remove flows from Lyon Creek 3 2 2 7 No
Evaluation Criteria Responsibilities: Alternative Numbering: Scoring:
*See Project Selection and Evaluation Process The action options are not necessarily the sole responsibility of the member jurisdictions. Issue = A 5= High
Memorandum dated January 13, 2009, for a Due to the large amount of private property contribution to the identified flow and water Timeframe: 4 = Medium-High
description of what is included in each of these  |quality issues, some actions can only be taken by private land owners or with a public/private ST = Short-Term 3 = Medium
three Option Evaluation Criterion. These tables |partnership. MT = Medium-Term 2 = Medium Low
will be referred to as part of the Tech Memo #2. LT = Long-Term 1=Low




Table D-4: Evaluation of Potential Actions to Address Watershed Issue D

Downstream Water Quality/Habitat

(Elevated flows have degraded habitat through scour and sedimentation)

Actions to Address Causes

Option Evaluation Criteria*

Project/action Number: 1

15 = Maximum Total Score
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Effectiveness Review
(flow or water Ability to Alternatives
Time Frame Action Type Generalized Action Alt. No. Potential Action quality) Cost/Benefit Implement Total Score Further?
. o . LID BMP retrofits by Residences 1 1 4 6 No
Capital Low Impact_DeyeIopment Best Management Retrofits (to enhance infiltration and LID BMP retrofits by Businesses 1 1 7 6 No
evopotranspiration) - —
LID BMP retrofits by Cities 1 1 3 5 No
Public Education Education Program: What every citizen can do to help (examples: plant trees, reduce use of fertilizer, etc.) 1 2 2 5 No
Public Involvement Volunteer Groups: For public education; coordination and collaboration 1 5 3 9 No
Short Term/1-3 Years Require more stringent water quality regulations for all development/redevelopment. 1 3 5 9 No
i Annual LID Retrofit Program that 1Ds projects and incentives. 1 1 4 6 No
Operational i Require Low Impact Development (LID) - Implement common mandatory LID codes and regulations in all jurisdictions. 1 3 4 8
Regulation or Code Changes No
D-ST1 NPDES Phase 11 Permit Implementation 3 3 5 11 Yes
Adopt more stringent regulations than the 2005 Ecology Manual for lots greater than 1 acre. 1 3 3 7 No
Infrastructure Management, Retrofit or Upgrade Commercial property water quality retrofits. 1 2 1 4 No
Capital Large Capital Improvements Construct new regional water quality facilities 2 3 2 7 No
Low Impact Development Best Management Retrofits (to enhance infiltration and Street improvements with green street approach to residential, commercial, development, and public roadway improvements. 1 1 2 4 No
evapotranspiration)
Medium Term/4-6 i Require reforestation and tree planting tree/vegetation retention for both new development and redevelopment. 1 1 3 5 No
Years Regulation or Code Changes Change zoning and allowable development to reduce stormwater water quality impacts. 1 3 3 7
g 9 p quality Imp No
Operational DMT-1 | Water Quality/Habitat Enhancement Plan for McAleer Creek 1 4 4 9 Yes
Water Quality Management Water Quality Monitoring on McAleer Creek 1 4 4 9
DMT-2 Yes
. SR 99 water quality retrofit upstream of Lake Ballinger. 3 3 2 8 No
Infrastructure Management, Retrofit or Upgrade 1-5 corridor water quality upstream of Lake Ballinger. 4 2 1 7 No
Long Term /Greater Capital
Than 7 Years Large Capital Improvements Retrofit stream habitat for salmon through water quality improvements 4 3 1 8 No
Low Impact Development Best Management Retrofits (to enhance infiltration and DLTA Long-term commitment and program to design and build LID BMPs to retrofit existing infrastructure. 3 4 3 10 Yes
evapotranspiration)
Evaluation Criteria Responsibilities: Alternative Numbering: Scoring:
*See Project Selection and Evaluation Process The action options are not necessarily the sole responsibility of the member jurisdictions. Issue = A 5= High
Memorandum dated January 13, 2009, for a Due to the large amount of private property contribution to the identified flow and water Timeframe: 4 = Medium-High
description of what is included in each of these  [quality issues, some actions can only be taken by private land owners or with a public/private ST = Short-Term 3 = Medium
three Option Evaluation Criterion. These tables |partnership. MT = Medium-Term 2 = Medium Low
will be referred to as part of the Tech Memo #2. LT = Long-Term 1=Low
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CLEAR CREEK SOLUTIONS, INC.

15800 Village Green Drive #3
Mill Creek, WA 98012
425-892-6454
www.clearcreeksolutions.com

DATE: 14 January 2009

TO: Joe Simmler and Larry Grimm, Otak
CC: Carl Einberger, Golder Associates
FROM: Doug Beyerlein, P.E., CCS

SUBJECT: McAleer Strategic Plan Tech Memo #2 Surface Water Alternatives

The surface water flow alternatives analysis focuses on modeling long-term alternative solutions
to reduce Lake Ballinger flood elevations (lake stages) and determining downstream flood
impacts in Lake Forest Park from McAleer Creek if these alternatives are implemented.

Long-Term Alternative Solutions

The Forum and Otak staff have identified a number of alternative solutions to reduce flooding in

and near Lake Ballinger. Clear Creek Solutions used the HSPF model of the Lake Ballinger and
McAleer Creek watershed to evaluate the effectiveness of some of the long-term solutions. This
memo summarizes the modeling results.

Three major long-term alternatives were selected for modeling. These alternatives are:
e A-LT3: Regional stormwater flow control facilities above Lake Ballinger
o A-LT4: Regional stormwater infiltration facilities above Lake Ballinger
e A-LT5: High flow bypass at Lake Ballinger outlet

Each alternative is described in more detail below.
A-LT3: Regional stormwater flow control facilities above Lake Ballinger

The A-LT3 regional stormwater flow control facility above Lake Ballinger was represented by a
10-foot deep stormwater detention vault. The vault was sized using the WWHM3 AutoPond
option to minimize the size of the vault while still meeting the Department of Ecology’s flow
control standards. Ecology’s flow control standards require that the discharge from the flow
control structure (in this case a vault) not exceed the runoff from forested conditions for all flows
between one-half of the 2-year flow to the 50-year flow. For this alternative the drainage area to
the flow control facility consisted of 500 acres, of which 300 acres were till soils with lawn
vegetation on a flat (0-5%) slope and 200 acres (40% of the 500 total acres) were impervious.
The footprint of the vault was 15 acres. The discharge from the vault was routed directly to
Lake Ballinger.

A-LT4: Regional stormwater infiltration facilities above Lake Ballinger
The A-LT4 regional stormwater infiltration facility above Lake Ballinger was represented by a
10-foot deep stormwater infiltration vault. The vault was manually sized using WWHM3 to

infiltrate all stormwater runoff. For this alternative the drainage area to the infiltration facility
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Clear Creek Solutions, Inc.
McAleer Strategic Plan Alternatives Analysis

consisted of 150 acres, of which 90 acres were outwash soils with lawn vegetation on a flat (0-
5%) slope and 60 acres (40% of the 150 total acres) were impervious. The outwash soils were
assumed to have a long-term infiltration rate of 0.5 inches per hour. The footprint of the vault
was 2.73 acres. The infiltrated water was routed through a lateral flow basin to mimic the travel
time for the infiltrated water to reach Lake Ballinger as groundwater flow.

A-LT5: High flow bypass at Lake Ballinger outlet

The A-LT5 high flow bypass pipeline at Lake Ballinger was represented by a new weir added to
the lake outlet. Otak selected three different weir configurations to be modeled for this
alternative. The weir configurations were designed to start discharging into the high flow bypass
pipeline at an elevation of 278.5 feet, as shown in Table 1 below.

Table 1. High Flow Bypass Options

Bypassl Bypass?2 Bypass3
Lake Level Discharge | Discharge | Discharge
Elevation (ft) Head (ft) (cfs) (cfs) (cfs)
278.5 0.0 0 0 0
279.0 0.5 3.85 7.09 10.33
279.5 1.0 10.56 19.72 28.88
280.0 1.5 18.79 35.62 52.45
280.5 2.0 27.98 53.89 79.80
281.0 2.5 37.79 74.00 110.21
281.6 3.1 50.00 100.00 150.00
282.0 3.5 58.24 118.22 178.21

The discharge from the high flow bypass pipeline was routed directly to Lake Washington.
Model Results

The HSPF model results were evaluated in terms of lake stage frequency and stage duration.
The stage frequency values were computed for Lake Ballinger lake stage elevations. The
federal standard flood frequency methodology, Log-Pearson Type Il distribution, was used to
compute stage frequency values. The procedure is described in the publication Guidelines For
Determining Flood Flow Frequency, Bulletin #17B of the Hydrology Committee, U.S. Water
Resources Council, Washington, DC, revised September 1981. This stage frequency
procedure is an option in WWHM3.

WWHMS3 accessed the maximum annual peak stage values in the HSPF database files. Using
this information and the Log-Pearson Type Il distribution, WWHM3 computed the 2-year, 5-
year, 10-year, 25-year, 50-year, and 100-year flood stages for the lake. The 2-year, 5-year, 10-
year, 25-year, 50-year, and 100-year flood stages for each alternative solution are presented in
Table 2 along with the stage frequency for the existing (altered watershed) conditions and the
forested (unaltered watershed) conditions.
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Table 2. Lake Ballinger Alternative Analysis Stage Frequency

Return Alternative | Alternative | Alternative

Period Court Alternative | Alternative A-LT5 A-LT5 A-LT5
(years) Order | Historical | Forested Existing A-LT3 A-LT4 Bypassl Bypass?2 Bypass3

2 278.32 279.74 279.50 279.56 279.63 279.55 279.52
5 277.8 278.86 280.38 280.10 280.17 280.18 280.06 279.99
10 279.15 280.77 280.45 280.54 280.52 280.36 280.27
25 279.47 281.22 280.87 280.96 280.90 280.72 280.59
50 279.68 281.54 281.16 281.26 281.18 280.97 280.82
100 280.0 279.87 281.84 281.43 281.55 281.43 281.20 281.02
1997 Flood 280.27 282.18 281.98 281.88 281.30 281.14 281.05

The results show that all of the alternatives provide a reduction in lake stage levels from the existing land use conditions, but none
decrease the lake levels to levels equivalent to forested conditions. Of the modeled alternatives Alternative A-LT5 Bypass 3 option

produces the largest change.

Alternative A-LT3 (stormwater flow control facility) is slightly better than Alternative A-LT4 (stormwater infiltration facility). Alternative

A-LT5 Bypass 1 option produces similar results compared to A-LT3; both bypass options 2 and 3 are better.

1/14/2009




Clear Creek Solutions, Inc.

McAleer Strategic Plan Alternatives Analysis

Lake stage duration is the percent of time that the lake level (stage) is equal to or greater than a
specific elevation. WWHM3 accessed the individual hourly computed stage values in the HSPF
database files. Using this information and a range of stage values selected by the user
WWHM3 counted the number of hours each elevation was exceeded for each alternative
solution. This information was converted into percent of time and presented in Table 3 and
Figure 1 along with the stage duration for the existing (altered watershed) conditions and the
forested (unaltered watershed) conditions.

Table 3. Lake Ballinger Alternative Analysis Stage Durations

Alternative | Alternative | Alternative
Alternative | Alternative A-LT5 A-LT5 A-LT5
Stage (ft) | Forested Existing A-LT3 A-LT4 Bypassl Bypass?2 Bypass3
275.0 99.63% 100.00% 100.00% 100.00% 100.00% 100.00% 100.00%
275.1 99.62% 100.00% 100.00% 100.00% 100.00% 100.00% 100.00%
275.2 99.61% 100.00% 100.00% 100.00% 100.00% 100.00% 100.00%
275.3 99.59% 100.00% 100.00% 100.00% 100.00% 100.00% 100.00%
275.4 99.58% 100.00% 100.00% 100.00% 100.00% 100.00% 100.00%
275.5 99.57% 100.00% 100.00% 100.00% 100.00% 100.00% 100.00%
275.6 99.54% 100.00% 100.00% 100.00% 100.00% 100.00% 100.00%
275.7 99.52% 100.00% 100.00% 100.00% 100.00% 100.00% 100.00%
275.8 99.48% 100.00% 100.00% 100.00% 100.00% 100.00% 100.00%
275.9 99.39% 100.00% 100.00% 100.00% 100.00% 100.00% 100.00%
276.0 99.19% 100.00% 100.00% 100.00% 100.00% 100.00% 100.00%
276.1 99.01% 100.00% 100.00% 99.99% 100.00% 100.00% 100.00%
276.2 98.93% 100.00% 100.00% 99.99% 100.00% 100.00% 100.00%
276.3 98.92% 100.00% 100.00% 99.98% 100.00% 100.00% 100.00%
276.4 98.91% 100.00% 100.00% 99.98% 100.00% 100.00% 100.00%
276.5 98.88% 99.97% 99.97% 99.95% 99.97% 99.97% 99.97%
276.6 98.84% 99.92% 99.92% 99.90% 99.92% 99.92% 99.92%
276.7 98.81% 99.75% 99.75% 99.72% 99.75% 99.75% 99.75%
276.8 92.59% 93.92% 94.60% 93.59% 93.92% 93.91% 93.91%
276.9 81.65% 84.93% 86.48% 84.23% 84.91% 84.89% 84.89%
277.0 71.85% 75.74% 78.21% 74.65% 75.71% 75.68% 75.68%
277.1 62.10% 68.01% 70.90% 66.63% 67.95% 67.91% 67.91%
277.2 53.55% 61.12% 63.80% 59.58% 61.05% 61.00% 61.00%
277.3 46.41% 54.80% 57.14% 53.14% 54.72% 54.65% 54.66%
277.4 40.30% 48.40% 50.06% 46.69% 48.31% 48.22% 48.23%
277.5 33.31% 34.80% 36.12% 32.95% 34.65% 34.53% 34.54%
277.6 18.51% 26.35% 27.13% 24.39% 26.16% 26.00% 26.01%
277.7 8.59% 20.86% 21.19% 19.14% 20.66% 20.47% 20.49%
277.8 5.12% 16.87% 16.89% 15.19% 16.63% 16.40% 16.43%
277.9 3.48% 13.67% 13.44% 12.18% 13.39% 13.13% 13.14%
278.0 2.42% 11.14% 10.70% 9.78% 10.82% 10.53% 10.55%
278.1 1.72% 9.06% 8.48% 7.85% 8.71% 8.38% 8.41%
278.2 1.17% 7.36% 6.67% 6.25% 6.98% 6.61% 6.64%
278.3 0.80% 5.91% 5.18% 4.96% 5.49% 5.08% 5.12%
278.4 0.59% 4.75% 4.07% 3.94% 4.30% 3.90% 3.93%
278.5 0.44% 3.83% 3.23% 3.15% 3.42% 3.04% 3.06%
278.6 0.34% 3.11% 2.51% 2.51% 2.72% 2.37% 2.37%
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Alternative Alternative Alternative
Alternative | Alternative A-LT5 A-LT5 A-LT5
Stage (ft) | Forested Existing A-LT3 A-LT4 Bypassl Bypass?2 Bypass3
278.7 0.28% 2.51% 1.97% 2.00% 2.15% 1.84% 1.82%
278.8 0.20% 2.03% 1.55% 1.59% 1.69% 1.42% 1.38%
278.9 0.14% 1.65% 1.21% 1.25% 1.32% 1.08% 1.03%
279.0 0.11% 1.30% 0.95% 1.00% 1.02% 0.83% 0.77%
279.1 0.083% 1.05% 0.76% 0.79% 0.81% 0.62% 0.56%
279.2 0.059% 0.85% 0.59% 0.62% 0.62% 0.46% 0.41%
279.3 0.053% 0.67% 0.46% 0.50% 0.47% 0.35% 0.29%
279.4 0.042% 0.54% 0.37% 0.40% 0.37% 0.27% 0.22%
279.5 0.034% 0.44% 0.29% 0.32% 0.29% 0.20% 0.16%
279.6 0.030% 0.36% 0.23% 0.25% 0.22% 0.15% 0.12%
279.7 0.027% 0.28% 0.17% 0.20% 0.18% 0.11% 0.083%
279.8 0.021% 0.23% 0.14% 0.16% 0.13% 0.081% 0.058%
279.9 0.017% 0.18% 0.11% 0.12% 0.10% 0.059% 0.044%
280.1 0.013% 0.14% 0.080% 0.097% 0.08% 0.048% 0.036%
280.2 0.007% 0.12% 0.064% 0.074% 0.06% 0.041% 0.030%
280.3 0.004% 0.089% 0.057% 0.061% 0.05% 0.033% 0.023%
280.4 0.000% 0.072% 0.050% 0.055% 0.04% 0.028% 0.016%
280.5 0.000% 0.062% 0.044% 0.049% 0.04% 0.022% 0.011%
280.6 0.000% 0.056% 0.040% 0.042% 0.03% 0.014% 0.008%
280.7 0.000% 0.050% 0.036% 0.038% 0.02% 0.010% 0.007%
280.8 0.000% 0.045% 0.029% 0.032% 0.02% 0.008% 0.005%
280.9 0.000% 0.040% 0.021% 0.028% 0.01% 0.007% 0.004%
281.0 0.000% 0.035% 0.017% 0.021% 0.01% 0.005% 0.003%
281.1 0.000% 0.031% 0.015% 0.017% 0.01% 0.004% 0.002%
281.2 0.000% 0.025% 0.013% 0.014% 0.01% 0.003% 0.001%
281.3 0.000% 0.019% 0.011% 0.012% 0.01% 0.002% 0.001%
281.4 0.000% 0.016% 0.010% 0.010% 0.00% 0.001% 0.000%
281.5 0.000% 0.013% 0.008% 0.009% 0.00% 0.001% 0.000%
281.6 0.000% 0.012% 0.007% 0.007% 0.00% 0.001% 0.000%
281.7 0.000% 0.010% 0.004% 0.005% 0.00% 0.000% 0.000%
281.8 0.000% 0.009% 0.001% 0.003% 0.00% 0.000% 0.000%
281.9 0.000% 0.008% 0.000% 0.001% 0.00% 0.000% 0.000%
282.0 0.000% 0.005% 0.000% 0.000% 0.00% 0.000% 0.000%
282.1 0.000% 0.003% 0.000% 0.000% 0.00% 0.000% 0.000%
282.2 0.000% 0.001% 0.000% 0.000% 0.00% 0.000% 0.000%
282.3 0.000% 0.001% 0.000% 0.000% 0.00% 0.000% 0.000%
282.4 0.000% 0.000% 0.000% 0.000% 0.00% 0.000% 0.000%
282.5 0.000% 0.000% 0.000% 0.000% 0.00% 0.000% 0.000%
282.6 0.000% 0.000% 0.000% 0.000% 0.00% 0.000% 0.000%
282.7 0.000% 0.000% 0.000% 0.000% 0.00% 0.000% 0.000%
282.8 0.000% 0.000% 0.000% 0.000% 0.00% 0.000% 0.000%
282.9 0.000% 0.000% 0.000% 0.000% 0.00% 0.000% 0.000%
283.0 0.000% 0.000% 0.000% 0.000% 0.00% 0.000% 0.000%
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Figure 1. Lake Ballinger Alternative Analysis Stage Durations

The Table 3 and Figure 1 results show that the lake today is at higher lake levels more often
than when the Lake Ballinger watershed was forested. For example, a lake elevation of 279.0
feet was exceeded only 0.11% of the time (for an average rainfall year that is about 10 hours
over the entire 12 months). With today’s existing conditions this percentage has increased to
1.3% of the time (114 hours per average year). Alternative A-LT5 bypass 3 option will reduce
the percent of time that the lake levels exceed 279.0 feet to 0.77% of the time (68 hours per
average year).

The discharge from Lake Ballinger to McAleer Creek was also computed and summarized in
terms of flood frequency (Table 4). As shown in the table, the flow out of Lake Ballinger is
reduced with each alternative compared to existing conditions, but the reductions in flow are
relatively small. Alternative A-LT5 Bypass3 provides the greatest reduction in lake outflow for
flood frequencies greater than the 2-year flood.
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Table 4. Lake Ballinger Alternative Analysis Flow Frequency

Flood Alternative | Alternative | Alternative
Frequency Existing | Alternative | Alternative A-LT5 A-LT5 A-LT5
Return Period | Conditions A-LT3 A-LT4 Bypassl Bypass2 Bypass3
(years) (cfs) (cfs) (cfs) (cfs) (cfs) (cfs)
2 76 68 70 73 70 69
5 98 89 91 92 88 86
10 113 102 105 105 100 97
25 131 119 123 119 114 110
50 144 131 136 130 124 120
100 158 144 149 140 135 129
1997 Flood 148 142 143 132 127 125

Table 5 shows how much water would be discharged from Lake Ballinger through a high flow
bypass pipeline. As expected, Bypass3 with its higher discharge than the other two bypass
options will generate the highest pipeline flows.

Table 5. Lake Ballinger High Flow Bypass Pipeline Flow Frequency

Flood Alternative | Alternative | Alternative
Frequency Existing | Alternative | Alternative A-LTS5 A-LTS5 A-LT5
Return Period | Conditions A-LT3 A-LT4 Bypassl Bypass2 Bypass3
(years) (cfs) (cfs) (cfs) (cfs) (cfs) (cfs)
2 N/A N/A N/A 13 23 31
5 N/A N/A N/A 22 39 53
10 N/A N/A N/A 29 50 70
25 N/A N/A N/A 37 66 91
50 N/A N/A N/A 44 79 106
100 N/A N/A N/A 50 92 122
1997 Flood N/A N/A N/A 46 83 118

Downstream Flood Impacts

Downstream flood impacts in the Lower McAleer Creek watershed are the result of McAleer
Creek and Lyon Creek overtopping their stream channel banks during major storm events.
When this happens there is significant flooding in and near the Lake Forest Park Towne Center
and Bothell Way (SR 522).

An evaluation of the capacity of the culverts on McAleer Creek (HCW-L, 1999) shows that the
culvert that has the smallest streamflow capacity (and therefore is the location at which flooding
first occurs) in the vicinity of the Towne Center is the box culvert (M585) under Beach Drive NE
west of 45™ Avenue NE. This culvert has a maximum flow capacity of 302 cubic feet per

second (cfs).

For each of the above-described alternative solutions for Lake Ballinger the outflow from the
lake was routed down the McAleer Creek stream channel system and culverts to Lake

Washington.

1/14/2009



Clear Creek Solutions, Inc.
McAleer Strategic Plan Alternatives Analysis

The flood frequency values were computed for McAleer Creek at the Towne Center culvert.

The federal standard flood frequency methodology, Log-Pearson Type Il distribution, was used
to compute flood frequency values. The procedure is described in the publication Guidelines
For Determining Flood Flow Frequency, Bulletin #17B of the Hydrology Committee, U.S. Water
Resources Council, Washington, DC, revised September 1981. This flood frequency procedure
is an option in WWHM3.

WWHMS3 accessed the maximum annual peak flow values in the HSPF database file. Using
this information and the Log-Pearson Type Il distribution, WWHM3 computed the 2-year, 5-
year, 10-year, 25-year, 50-year, and 100-year flood flow for each alternative.

The McAleer flood frequency results for the alternative solutions were computed using the
procedures described above. The 2-year, 5-year, 10-year, 25-year, 50-year, and 100-year flood
flows at McAleer Creek at culvert M585 (Towne Center) are presented in Table 6.

Table 6. McAleer Creek Alternative Analysis Flood Frequency

Flood Alternative | Alternative | Alternative
Frequency Existing | Alternative | Alternative A-LTS A-LTS A-LTS
Return Period | Conditions A-LT3 A-LT4 Bypassl Bypass2 Bypass3
(years) (cfs) (cfs) (cfs) (cfs) (cfs) (cfs)
2 168 164 165 166 166 165
5 207 204 204 206 205 204
10 235 231 232 233 232 231
25 271 267 268 269 268 267
50 300 295 297 298 296 295
100 329 324 326 327 325 324
1997 Flood 374 361 366 371 369 368

The McAleer Creek culvert near the Towne Center at M585 has a maximum capacity of 302 cfs;
this is approximately equal to a 50-year flood event.

Alternatives A-LT3 and A-LT5 Bypass3 provide the greatest reduction in flood flows at the Lake
Forest Park Towne Center. The three high flow bypass options do not reduce downstream
flows in McAleer Creek as much as might be expected. This is because the Lake Ballinger
bypass weir is set at an elevation of 278.5 feet and the outflow from the lake at this elevation
and higher elevations is greater than the corresponding bypass flow. The second factor that
reduces the potential effectiveness of the high flow bypass pipeline is the fact that the
downstream McAleer Creek drainage area provides over one-half of the total peak flow at the
Towne Center during flood events. None of the alternatives address this problem.
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Table F-1
Issue A - Lake Ballinger Flooding

Screening of Higher Ranked Alternatives
Potential Short-Term Actions

coordination and collaboration

volunteer groups

public works agency.

Alt. No. Potential Action Ranking Goal Description of Concept Feasibility/Challenges Retain?
Short-Term Alternatives (1-3 Years)
Less costly than elevating or relocating structures.
. . . o . Techni ilable from FEMA. D t satisfy
Reduce flooding/flood impacts to private Application of floodproofing techniques by cchniques avatable from 0cs 1ot satisly
Floodproofing - wet or dry floodproofing . . . . . National Flood Insurance Program requirements
A-ST1 . 11 properties through actions that can be taken by property owners to minimize flooding/flooding o . . Yes
techniques . X . . for bringing substantially damaged or improved
private property owners impacts on their properties s . . .
residential structures into compliance. Requires
private funding.
. . . P
Reduce fooding/flood imprcs toprvate g 0 S e sty
A-ST2 |Floodproofing education 8 properties through actions that can be taken by b 6 and techniques y Requires FEMA or local agency lead. No
. can act to minimize flooding/flooding impacts on
ptivate property owners . .
their properties
Coordinated hot spot checking & prioritized Maximize operating capacity of existing culvert Accomplish through existing stormwater Can be added to agency stormwater management
X X /
A-ST13 . P ne b 11 p & capadty st maintenance and operations standards modified as . 5Ny & No
cleaning of stormwater facilities systems program if not now in place.
necessary
. . Provide educational information on flood proofing . .
1 : li ; R fvol s FEMA or local
A-ST4 Volunteer Groups: For public education; 9 Reduce flooding impacts and reporting of flooding conditions through equires training of volunteers by FE ot loca No
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Table F-2
Issue A - Lake Ballinger Flooding

Screening of Higher Ranked Alternatives

Potential Medium-Term and Long-Term Capital Improvements and/or Actions

lake as a large detention facility

maintain 100-year lake level below finish floor
elevations of residences

order to allow new seasonal levels, mitigate impact
of lower levels on lake shoreline aesthetics

Alt. No. Potential Action Ranking | Goal Description of Concept Feasibility/Challenges Retain?
Medium-Term Alternatives (4 to 6 Years)
Construct regional detention facilities above Flow control detention facilities one to three Modeling shows low cost/benefit and limited
A-MT1 (Lake Ballinger (outside of SR 99 and I-5 8 Provide detention to reduce lake flooding levels v . . . 6 W No
. locations including golf course locations effectiveness
corridors)
ional infiltration faciliti Fl | infiltration faciliti h Modeling shows 1 fi limi
AMT2 ConstrucF regional infiltration facilities above g Provide detention to reduce lake flooding levels ow control infiltration facilities at one to three ode. ng shows low cost/benefit and limited No
Lake Ballinger in advance outwash soils locations effectiveness
Long-Term Alternatives (6 Years+)
Fl fing - el 1 Elimi flooding of resi ial first fl ithi . . . . .
A-LT1 codproofing - clevate structure, relocate 10 rinate oodmg of residential first floors within Use structural methods to eliminate flooding Requires private funding Yes
structure, floodwall or levee technique 100-year floodplain
Buy i Lake Balli ithi . . . Purch 1l ies within the 100- 4 . . .
A-LT2 [ uyoutproperties around Lake Ballinger within 11 Eliminate residences from 100-year floodplain arenase afl properties within the 00-year . Requires substantial public expenditure Yes
100-year floodplain area floodplain, convert area to open space/tecreation
. . Provi ffici 7 ity intain 100- Co L . . .
Construct high-flow bypass pipeline system rovide sufficient byp ass capacity to maintain 00 Buried pipeline system in existing road right-of-ways |Modeling shows low cost/benefit and limited
A-LT3 . . 7 year lake level below finish floor elevations of L . . No
from Lake Ballinger to Lake Washington ) and in private properties effectiveness
residences
L ify wei lak . .
OWCI‘ storage,.modl y .Welr and mana.ge axcasa Dredge lake bottom as needed, modify of weir
Develop lake management plan to operate the regional detention facility. Also establish new system to provide detention volume, modify court
A-LT4 p & P P 10 seasonal lake levels. Provide sufficient detention to |~ P ’ y Substantial permitting and legal processing required Yes
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Table F-3
Issue B - Lake Ballinger Water Quality/Habitat
Screening of Higher Ranked Alternatives

Potential Short-Term and Medium-Term Capital Improvements and/or Actions

Alt. No. Potential Action Ranking | Goal Description of Concept Feasibility/Challenges Retain?
Short-Term Alternatives (1 to 3 Years)
To r_educe urban poll}ltant loadings, including _ Lake water quality issues Wi'ﬂ be address'ed ona e Permit does not specifically address lake water
. . nutrients and metals into the lake; and to provide |watershed scale by developing and funding effective . . : L
B-ST1 [NPDES Phase II Permit Implementation 11 . . o . . . quality and additional lake-specific activities may be Yes
public education about the use and application of ~[municipal SWM Programs that are in compliance needed to achieve desired results
fertilizers. with the requirements of the NPDES II Permit. ’
he lake i lly enrich hi i
Lake water quality will continue to be monitored to The e is naturafly enrie ed (e.utrop i) and it may
ol with the terms and conditi fth be difficult to halt or reverse this process; natural
B-ST2 | Continue TMDL Lake Ballinger Monitoting 11 To comply with the phosphorus TMDL. compy W © feris and condivons of e releases of phosphorus are likely occurring from Yes
TMDL, and adjust watershed loadings of , o -
. . underlying peat deposits, in addition to urban
phosphorus into the lake as/if needed. .
loadings.
Medium-Term Alternatives (4-6 Years)
To expand the TMDL monitoring program to .It 1§ important to d.e termine the basclines and trends The type and quality of data needed to manage the
. o . . . in water quality (daily, seasonally and annually) so . S . -
B-MT1 [Water Quality Monitoring for Lake Ballinger 9 comprehensively characterize and assess the water o lake is expensive, time consuming, and technically Yes
k effective improvements can be developed and . . .
quality of the lake. . . : challenging with unpredictable results.
implemented to improve water quality.
. . |An action plan is needed that assesses baseline This is an expensive process that will take years to
To develop, fund and implement a comprehensive - . . . . .
. . . : conditions, determine what level of restoration is accomplish; numerous and continuous technical
Water Quality/Habitat Enhancement Plan for plan that will allow the natural functions of the lake| . . . . . . . .
B-MT2 ) 9 . achievable and sustainable, and identify the studies and assessments will be required; results will Yes
Lake Ballinger to be reestablished to a level that can be naturally o L s o .
. ptioritized activities and costs needed for restoration [likely be limited by the extensive amount of urban
sustained by the watershed.
and enhancement. development throughout the watershed.
Long-Term Alternatives (6 Years+)
On-site systems such as bioretention or rain garden,
vegetated swales, vegetated filter strips/buggers,
Application of LID techniques in development A infiltration trenches etc which (1) provide for Should be required by ordinance making use of LID
. . . To reduce urban pollutant loads and minimize L .
B-LT1 |and redevelopment of residential/commercial 10 . . removal of stormwater pollutants and minimize the |mandatory in new development and re- Yes
S temperature increases in surface water runoff.. . . . .
and municipal infrastructure. increase in runoff temperatures through infiltration |development.
and return of flows as base flows to stream and
water bodies.
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Table F-4
Issue C - Downstream Flooding
Screening of Higher Ranked Alternatives
Potential Short-Term Actions
Alt. No. Potential Action Ranking Goal Description of Concept Feasibility/Challenges Retain?
Short-Term Alternatives (1-3 Years)
Assumes short term funds available. Increases
discharges to downstream system. Include an
C-ST1 |Culvert replacement g Increase conveyance capacity where needed to Perform culvert replacement as permitted by evaluation on whether downstream improvements No
reduce flooding available short-term funds would also be needed to ensure upstream culvert
upgrades don’t exacerbate downstream flooding
conditions.
Less costly than elevating or relocating structures.
. . . o . Techni ilable from FEMA. D t satisf
Reduce flooding/flood impacts to private Application of floodproofing techniques by cchniques avatable trom 0 not satisty
Floodproofing - wet or dry floodproofing . . L . . National Flood Insurance Program requirements
C-ST2 . 11 properties through actions that can be taken by property owners to minimize flooding/flooding . . . Yes
techniques . . . . for bringing substantially damaged or improved
private property owners impacts on their properties . . . 4 .
residential structures into compliance. Requires
private funding.
Provide educational information on flood proofing
C-ST3 |Floodproofing education 8 Reduce flooding impacts and notification of conditions through a volunteer [Requires FEMA or local agency lead. No
group
Coordinated hot spot checking & cleaning of Maximize operating capacity of existing culvert Accomplish through existing stormwater Can be added to agency stormwater management
C-ST4 > P J J 8 P g capacity vy maintenance and operations standards modified as . geney v g No
stormwater facilities systems program if not now in place.
necessary
. . i ional inf i fl fi . .
Volunteer Groups: For public education; L Provide ed‘ucatlona {normaton on cod proofing Requires training of volunteers by FEMA or local
C-ST5 o . 9 Reduce flooding impacts and reporting of flooding conditions through . No
coordination and collaboration public works agency.
volunteer groups
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Table F-5
Issue C - Downstream Flooding

Screening of Higher Ranked Alternatives

Potential Medium-Term and Long-Term Capital Improvements and/or Actions

Alt. No. Potential Action Ranking Goal Description of Concept Feasibility/Challenges Retain?
Medium-Term Alternatives (4 to 6 Years)
The Issue C base case uses first the Issue A flood
reduction capacity of upstream Lake Ballinger basin
by (1) lake management plan implementation (lake
. . qel level adjustment) or (2) regional detention,
Construct regional detention facilities in . . . — . . . I
. . Provide sufficient detention to maintain 100-year [infiltration and/or high-flow bypass facilities; and . . . .
McAleer Creek basin below Lake Ballinger and . . . . . Upstream modeling shows that this alternative will
C-MT1 . . 8 flooding level below the finish floor elevations of [then new Issue C detention capacity downstream of . No
above downstream flooding areas in Lake . . . L . have a low cost/benefit rating
commercial and residential structures Lake Ballinger's to fully achieve downstream flood
Forest Park . .
reduction. Issue A floodproofing options at Lake
Ballinger would not reduce downstream flow; and
higher Issue C detention volumes would be required
to reduce flooding levels.
Remove Lyon Creek overflows to McAleer . . . L .
Creek basin by constructing high-flow bypass Construct a high-flow bypass system on Lyon Creek Private easements likely required. Location in public
y &8 P Eliminate Lyon Creek overflows to McAleer Creek & Ypass syst ¥ right-of-way will affect traffic flow. Bypass to
system to culvert under Bothell Way from a . . to convey the needed flow reduction capacity from
C-MT2 |~ . . 11 so that McAleer Creek basin flood reduction culvert 10 preferred as a new outfall to Lake Yes
diversion upstream of Towne Centre. Modify solutions are not influenced by Lvon Creek Lake Forest Park Culvert L60 (at NE 178th Street) Washineton would require a substantial bermittin
McAleer Creek culvert M585 to pass peak 100- ) Yy to culvert .10 under Bothell Way. rocessé d P g
year flow. P '
Remove Lyon Creek overflows to McAleer Eliminate Lyon Creek overflows to Towne Centre |Construct culvert replacements at locations where
C-MT3 Creek basin by upgrading capacity of Lyon 1 and McAleer Creek so that McAleer Creek basin  |culverts have insufficient capacity to convey design [Requires construction on both public and private Yes
Creek culverts. Modify McAleer culvert M585 flood reduction solutions are not influenced by flows, as identified in the 1999 Basin Study and property
to pass peak 100-year flow. Lyon Creek subsequent studies
Long-Term Alternatives (6 Years+)
C.LT1 Floodproofing - elevate structure, relocate 10 Eliminate flooding of residential first floors within Use structural methods o climinate flooding Requires private funding Yes

structure, floodwall or levee technique

100-year floodplain
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Table F-6
Issue D- Downstream Water Quality/Habitat
Screening of Higher Ranked Alternatives

Potential Short-Term and Medium-Term Capital Improvements and/or Actions

and municipal infrastructure.

temperature increases in surface water runoff..

increase in runoff temperatures through infiltration
and return of flows as base flows to stream and
water bodies.

development.

Alt. No. Potential Action Ranking | Goal Description of Concept Feasibility/Challenges Retain?
Short-Term Alternatives (1 to 3 Years)
To r.educe urban poll.u tant loadings, including Stream water quality issues will be addressed on a . .
nutrients and metals into the stream; and to rershed scale by develon d fundine effecti The Permit does not specifically address lake water
D-ST1 |[NPDES Phase II Permit Implementation 11 provide public education about the application of :13 ; Si el ;;?/1\6/[ Izr ejen?ptr;gtanr iEn rrrllglei ;c Ve quality and additional lake-specific activities may be Yes
fertilizers and the use and disposal of household uicipat S OSTAMmS that ate I COMPUAACE 1, eded to achieve desired results.
products with the requirements of the NPDES 11 Permit.
Medium-Term Alternatives (4 to 6 Years)
It is important to determine the baselines and trends
. . To develop and conduct an annual monitoring in water quality (daily, seasonally and annually) so  |The type and quality of data needed to restore an
lity Enh Plan f . . . ’ . . .
DMT-2 E/{ViflregtgretzéHabltat nhancement Han tor 9 program to comprehensively characterize and effective improvements can be developed and urban stream is expensive, time consuming, and Yes
assess the water quality and flows of the stream.  |implemented to improve water quality and habitat  [technically challenging with unpredictable results.
within the stream channel.
To develon. fund and implement a comprehensive An action plan is needed that assesses baseline This is an expensive process that will take years to
lan that pi,ll Allow the n ft ral ﬁmcdonspo £ the conditions, determine what level of restoration is accomplish; numerous and continuous technical
DMT-3 |Water Quality Monitoring on McAleer Creek 9 Stream to“l;e reesthshe d o a level that can be achievable and sustainable, and identify the studies and assessments will be required; results will Yes
natarally sustained by the watershed prioritized activities and costs needed for restoration|likely be limited by the extensive amount of urban
) ) W ' and enhancement. development throughout the watershed.
Long-Term Alternatives (6 Years+)
On-site systems such as bioretention or rain garden,
vegetated swales, vegetated filter strips/buggers,
Application of LID techniques in development To red ban vollutant loads and minimiz infiltration trenches etc which (1) provide for Should be required by ordinance making use of LID
D-LT1 |and redevelopment of residential/commercial 10 © feduce urban pofiutafit loads and minimize removal of stormwater pollutants and minimize the |[mandatory in new development and re- Yes
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Appendix G— Appendix G—Level III
Engineering Analysis Tables



Table G-1: Level Il Analysis
Issue A — Lake Flooding

Proposed Action

Flood-proofing Residential Structures

Purchase Flood-Prone Residential Properties

Lake Outlet Modifications to Manage Lake Levels

Description

Flood-proofing of flood-prone structures by either wet or dry
techniques, or elevating or relocating structures

Purchase properties with flood-prone structures (three structures
have been identified), convert properties into public use such as
pocket park(s).

Develop lake level management program and accompanying
outlet control system modifications to prevent flooding of
existing three flood-prone structures. Project includes lowering
of winter lake levels to provide additional storage to avoid
flooding of structures. Based on hydrologic modeling to date,
some limited reduction downstream peak flows would be
expected from this system; but not to the degree that would take
the place of needed downstream flood reduction measures. Thus
this alternative provides only lake flood reduction benefits.
Requires engineering analyses to optimize lake level reduction
and outlet control modification; legal processing of the proposal
with the courts to modify the court stipulated levels and flows
now in place; and the construction of the lake level management
improvements.

Expected Performance

Flood-proofing by wet or dry techniques would help minimize
flood damage. Elevating or relocating structures would eliminate
structure flooding problems

Eliminates flooding of structures

Eliminate flooding of three residential structures. Will likely
negatively affect the aesthetics of lake shoreline during the winter
lowering period.

Phasing Opportunities

Flood-proofing by wet or dry techniques could be performed as
an initial/short term phase and elevating or relocating structures
as a final/long term phase

Property purchases could span several years rather than at the
same time

Limited if any.

Conceptual Cost
Estimate

Costs depend on the selected action and individual properties.
Costs would be developed as a part of future planning efforts.

$1,700,000 properties only, development of properties into
public use would be an additional cost

Conceptual Estimate of Cost. Cannot be estimated based on the
limited information available at this time. A place card estimate
of $1,500,000 is suggested at this time.

Permitting Requirements

Building permit, possible Shoreline permit.

Demolition permit, Shoreline permit (possible)

Permitting Requirements. Court approval, Shoreline permit,
Hydraulic Project Approval, clearing and grading permit

Implementation Schedule

Flood-proofing activities could start at an early time.

Short time after funding is secured if condemnation of properties
is not required. Longer time if condemnation process is required

Implementation Schedule. Schedule difficult to predict because
of the needed legal process in the courts, which could be on the
order of years rather than months.

otak



Table G-2: Level lll Analysis
Issue B — Lake Water Quality/Habitat

Proposed Action

NPDES Phase Il Permit

Lake TMDL Monitoring

Lake Water Quality Monitoring

Lake Water Quality/Habitat Enhancement Plan

LID Retrofit

Description

Lake water quality issues will be addressed on a watershed scale by
developing and funding effective municipal SWM Programs that
are in compliance with the requirements of the NPDES |1 Permit.

Lake water quality will continue to be monitored to comply with
the terms and conditions of the TMDL, and adjust watershed
loadings of phosphorus into the lake as/if needed.

It is important to determine the baselines and trends in water
quality (daily, seasonally and annually) so effective improvements
can be developed and implemented to improve water quality.

An action plan for Lake Ballinger is needed that assesses
baseline conditions, determine what level of restoration is
achievable and sustainable, and identify the prioritized
activities and costs needed for restoration and
enhancement.

On-site systems such as bioretention or rain garden,
vegetated swales, vegetated filterstrips/buggers, infiltration
trenches etc which (1) provide for removal of stormwater
pollutants and minimize the increase in runoff
temperatures through infiltration and return of flows as
base flows to stream and water bodies.

Expected Performance

NPDES Phase Il Permit Implementation will help reduce urban
pollutant loadings including nutrients and metals into the lake; and
to provide public education about the use and application of
fertilizers.

Expected Performance. Continued compliance with the lake’s
TMDL for phosphorus.

It is expected that is alternative will expand the TMDL monitoring
program to comprehensively characterize and assess the water
quality of the lake.

This alternative will develop, fund and implement a
comprehensive plan that will allow the natural functions of
the lake to be reestablished to a level that can be naturally
sustained by the watershed.

LID facilities, such as a rain garden, should reduce urban
pollutant loads and minimize temperature increases in
surface water runoff.

Phasing Opportunities

The end of the NPDES Phase |1 Permit cycle is 2012.

Lake TMDL monitoring is a short-term alternative that will be
continued in the long term.

Lake water quality monitoring can be performed as medium-term
alternative.

Lake Water Quality/Habitat Enhancement can be
developed medium term with implementation in the
medium and long-term, if necessary.

The application of LID techniques in development and
redevelopment of residential/commercial

A small residential rain garden with no under drain unit

Conceptual Cost Estimate [N/A N/7A Annually $100,000 for monitoring. $250,000 to develop an enhancement plan. cost was estimated to be $1,000 for a 2 ft deep (1 ft of
amended soils) and 5 ft wide by 10 ft wide.

Permitting Requirements |N/A N/A N/A SEPA Analysis Project Development

Implementation Schedule 2012 N/A Lake water quality monitoring is a medium-term alternative that | The development of this plan can be started early and fully This is a long term implementation project.

will continue in the long term on an as-needed basis.

implemented in the medium-term.
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Table G-3: Level Ill Analysis

Issue C — Downstream FloodingFlooding

Proposed Action

Flood-proofing Residential/Comerica; Structures

Purchase Flood-Prone Residential Properties

Lyon Creek Towne Centre Bypass Pipeline

Lyon Creek Towne Centre Culvert System Upgrade

McAleer Creek Culvert M585 Capacity Upgrade

Description

Flood-proofing of flood-prone structures by either wet or dry
techniques, or elevating or relocating structures.

Purchase properties with flood-prone structures (one structure
adjacent to the Towne Center that is subject to very frequent
flooding has been identified), convert property into public use
such as pocket park(s).

Provides a 54- or 60-inch diameter storm drain bypass pipeline to
convey flows in excess of the existing Lyon Creek system
capacity in the Towne Center area below NE 178" Street to the
existing box culvert under Bothell Way. The pipeline routing
would be east in NE 178" Street to Ballinger Way, south in
Ballinger Way to the first entrance to the Towne Center, and
then south within the Towne Center property to the existing
Lyon Creek culvert under Bothell Way The function of the small
stormwater pond on the west side of the bank will be impacted
and will need to be mitigated at a different location or by another
method.

Provides replacement of existing Lyon Creek Culverts L60, L40,
L30 and L20 with culverts of adequate capacity for design flows.
Meets flood reduction objectives to keep Lyon Creek flows from
overflowing into McAleer Creek

Culvert M585 conveys McAleer Creek flows under Beach Drive NE. It
has a capacity deficiency of 27 cfs for the peak 100-year flow and 72 cfs for
the 1997 storm peak flow (largest peak flow of record). High-flow box
culverts are proposed each side of the bridge/culvert structure to provide
the capacity for the 1997 storm event as the cost difference between
providing the 100-year and 1997 peak flow capacities woul be small.

Expected Performance

Flood-proofing by wet or dry techniques would help minimize
flood damage. Elevating or relocating structures would eliminate
structure flooding problems.

Eliminates flooding of structure.

Meets flood reduction objectives to keep Lyon Creek flows from
flooding the Towne Centre and overflowing into McAleer Creek

Meets flood reduction objectives to keep Lyon Creek flows from
flooding the Towne Centre and overflowing into McAleer Creek

Meets flood reduction goals for creek conveyance in Sheridan Beach

Flood-proofing by wet or dry techniques could be performed as

Culverts L40, L30, and L20 capacity upgrades would need to be
constructed initially. Culvert L60 capacity upgrade could be
constructed in a second phase. However, replacement of this

Phasing Opportunities Z? ;T:rzzllﬁxrttteermw phhaassee and elevating or relocating structures [None None culvert is a high priority for the City and therefore its None
9 phase. construction would not be expect lag substantially behind
replacement of the other culverts.
) S ) L . $2,300,000, excluding any stream channel capacity upgrades
Conceptual Cost Estimate Costs depend on the selected action and individual properties. $300,000 property only, development of properties into public $2,200,000 excluding easement costs (if any) found necessary (if any) determined from engineering studies for {$130,000

Costs would be developed as a part of future planning efforts.

use an additional cost

the City.

Permitting Requirements

Building permit, possible Shoreline permit.

Demolition permit.

Hydraulic Project Approval, SEPA, local clearing and grading
permit, right-of-way use

Hydraulic Project Approval, SEPA, local clearing and grading
permit

Hydraulic Project Approval, SEPA, local clearing and grading permit, right
of-way use

Implementation Schedule

Flood-proofing activities could start at an early time.

Short time after funding is secured if condemnation of properties
is not required. Longer time if condemnation process is required.

Project could commence upon selection and determination that
funding can be secured. A 2-3 year design, permitting and
construction schedule should be attainable.

Hydraulic Project Approval, SEPA, local clearing and grading permit

otak



Table G-4: Level Il Analysis
Issue D — Downstream Water Quality/Habitat

Proposed Action

NPDES Phase Il Permit

McAleer Creek Water Quality Monitoring

McAleer Creek Water Quality/Habitat Enhancement Plan

LID Retrofit

Description

Lake water quality issues will be addressed on a watershed scale
by developing and funding effective municipal SWM Programs
that are in compliance with the requirements of the NPDES I
Permit.

It is important to determine the baselines and trends in water
quality (daily, seasonally and annually) so effective improvements
can be developed and implemented to improve water quality and
habitat within the stream channel.

An action plan for McAleer Creek is needed that assesses baseline
conditions, determine what level of restoration is achievable and
sustainable, and identify the prioritized activities and costs needed
for restoration and enhancement.

On-site systems such as bioretention or rain garden, vegetated
swales, vegetated filterstrips/buggers, infiltration trenches etc
which (1) provide for removal of stormwater pollutants and
minimize the increase in runoff temperatures through infiltration
and return of flows as base flows to stream and water bodies.

Expected Performance

NPDES Phase Il Permit Implementation will help reduce urban
pollutant loadings including nutrients and metals into the lake;
and to provide public education about the use and application of
fertilizers.

McAleer Creek Water quality monitoring is expected to develop,
fund and implement a comprehensive plan that will allow the
natural functions of the stream to be reestablished to a level that
can be naturally sustained by the watershed.

To develop, fund and implement a comprehensive plan that will
allow the natural functions of the stream to be reestablished to a
level that can be naturally sustained by the watershed.

LID facilities, such as a rain garden, should reduce urban
pollutant loads and minimize temperature increases in surface
water runoff.

Phasing Opportunities

The end of the NPDES Phase 11 Permit cycle is 2012.

McAleer Creek water quality monitoring is an implementation
medium-term alternative.

The application of LID techniques in development and
redevelopment of residential/commercial

Conceptual Cost

A small residential rain garden with no under drain unit cost was

. N/A Annually $100,000 for monitoring. $250,000 to develop an enhancement plan. estimated to be $1,000 for a 2 ft deep (1 ft of amended soils) and
Estimate 5 ft wide by 10 t wide.
Permitting Requirements |N/A N/A SEPA Analysis Project Dependent
The McAleer Creek water quality monitoring can begin in the
Implementation Schedule |2012 short term; however, monitoring will need to be continued into This is a long term implementation project.

the medium-term.
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Appendix H—Planning Level Potential
Actions Cost Estimates



Planning Level Project Cost Opinion
Lake Ballinger Detention Vault Concept
Greater Lake Ballinger/McAleer Creek Watershed Study

Otak, Inc. 1/19/2009
Item Unit Estimated
No. Item Description Unit Quantity Price Cost
Construction
1 UTILITY RELOCATIONS LS 1 $ 30,000.00 $ 30,000
4 CLEARING AND GRUBBING AC 17 $ 2,850.00 $ 48,450
5 REVEGETATION SY 3233 $ 5.00 $ 16,167
6 MANHOLE TYPE 2, 96 IN. DIAM. EA 2 $ 7,000.00 $ 14,000
7 ACCESS ROAD 15' WIDE, 6" GRAVEL DEPTH) LF 50 $ 17.00 $ 850
8 DETENTION VAULT W/O WATER QUALITY AC-FT 150 $ 120,000.00 $ 18,000,000
9 COMMON EXCAVATION INCL HAUL CcY 242000 $ 16.00 $ 3,872,000
Subtotal Construction Elements $ 18,109,467
Assumptions Vault footprint = 15 acres
Required Ancillary Items
17 DEWATERING 0% $ -
18 EROSION & SEDIMENTATION CONTROL 3% (see note 3) $ 543,284
19 TRAFFIC CONTROL 3% (see note 4) $ 543,284
20 CONTINGENCY 100% $ 18,109,467
Subtotal Ancillary $ 19,196,035
Subtotal Construction + Ancillary $ 37,305,501
Mobilization
21 MOBILIZATION 10% $ 1,810,947
Subtotal Construction + Ancillary + Mobilization $ 39,116,448
Tax/Engineering/Management/Permitting
22 STATE SALES TAX 8.5% $ 3,324,898
23 ENGINEERING/LEGAL/ADMIN 10% $ 3,911,645
24 CONSTRUCTION MANAGEMENT 10% $ 3,911,645
25 PERMITTING 2% $ 782,329
26 LAND AND RIGHT OF WAY 0% $ -
Subtotal $ 11,930,517
Subtotal Construction + Ancillary + Mobilization + Tax/Engineering/Management/Permitting $ 51,046,965
2009 Dollars Total Estimated Project Cost (Rounded) $ 51,047,000

Notes:

1. The above cost opinion is in 2009 dollars and does not include future escalation, financing, or O&M costs.
. The order-of-magnitude cost opinion has been prepared for guidance in project evaluation from the information available at the time of preparation and for the assumptions stated.

a b W N

. Increase percentage markup if work is in or immediately adjacent to flowing or standing water, steep slope, and/or other erosion-prone conditions.
. Increase percentage markup if work is in or immediately adjacent to secondary, arterial, or other high-volume road or temporarily closes a roadway.
. Land Acquisition unit costs include Administrative Costs and Condemnation.

The final costs of tt]

[Path]ProjCostOpinionBallinger.xls



Planning Level Project Cost Opinion
Lake Ballinger Infiltration Vault Concept
Greater Lake Ballinger/McAleer Creek Watershed Study

a b W N

. Increase percentage markup if work is in or immediately adjacent to flowing or standing water, steep slope, and/or other erosion-prone conditions.
. Increase percentage markup if work is in or immediately adjacent to secondary, arterial, or other high-volume road or temporarily closes a roadway.
. Land Acquisition unit costs include Administrative Costs and Condemnation.

Otak, Inc. 1/19/2009
Item Unit Estimated
No. Item Description Unit Quantity Price Cost
Construction
1 UTILITY RELOCATIONS LS 1 $ 30,000.00 $ 30,000
4 CLEARING AND GRUBBING AC 3.2 $ 2,850.00 $ 9,120
5 REVEGETATION AC 2.7 $ 5.00 $ 14
6 MANHOLE TYPE 2, 96 IN. DIAM. EA 2 $ 7,000.00 $ 14,000
7 ACCESS ROAD 15' WIDE, 6" GRAVEL DEPTH) LF 50 $ 17.00 $ 850
8 INFILTRATION VAULT W/O WATER QUALITY AC-FT 27.3 $ 120,000.00 $ 3,276,000
9 COMMON EXCAVATION INCL HAUL CY 44044 $ 16.00 $ 704,704
Subtotal Construction Elements $ 4,034,688
Assumptions Vault footprint = 2.73 acres
Required Ancillary Items
17 DEWATERING 0% $ -
18 EROSION & SEDIMENTATION CONTROL 3% (see note 3) $ 121,041
19 TRAFFIC CONTROL 3% (see note 4) $ 121,041
20 CONTINGENCY 100% $ 4,034,688
Subtotal Ancillary $ 4,276,769
Subtotal Construction + Ancillary $ 8,311,456
Mobilization
21 MOBILIZATION 5% $ 201,734
Subtotal Construction + Ancillary + Mobilization $ 8,513,191
Tax/Engineering/Management/Permitting
22 STATE SALES TAX 8.5% $ 723,621
23 ENGINEERING/LEGAL/ADMIN 15% $ 1,276,979
24 CONSTRUCTION MANAGEMENT 15% $ 1,276,979
25 PERMITTING 3% $ 255,396
26 LAND AND RIGHT OF WAY 0% $ -
Subtotal $ 3,532,974
Subtotal Construction + Ancillary + Mobilization + Tax/Engineering/Management/Permitting $ 12,046,165
2009 Dollars Total Estimated Project Cost (Rounded) $ 12,046,200
Notes:
1. The above cost opinion is in 2009 dollars and does not include future escalation, financing, or O&M costs.

. The order-of-magnitude cost opinion has been prepared for guidance in project evaluation from the information available at the time of preparation and for the assumptions stated. The final costs
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Planning Level Project Cost Opinion
Lake Ballinger High-Flow Bypass Concept
Greater Lake Ballinger/McAleer Creek Watershed Study

Otak, Inc. 1/15/2009
Item | | | Unit | Estimated
No. Item Description Unit Quantity Price Cost
Construction
1 REMOVE CONCRETE PAVEMENT SY 5 $ 31.00 $ 154
2 CRUSHED BASE COURSE TON 514 $ 72.00 $ 37,000
3 REMOVE PIPE LF 15000 $ 1500 $ 225,000
4 PAVEMENT, HMA CL. 1/2-IN PG TON 514 $ 249.38 $ 128,151
5 UTILITY RELOCATIONS LS 1 $ 500,000.00 $ 500,000
6 TEMPORARY BYPASS LS 1 $ 26,000.00 $ 26,000
7 HYDRO SEEDING SF 60000 $ 10.00 $ 600,000
8 CLEARING AND GRUBBING AC 5 $ 2,850.00 $ 14,132
9 REVEGETATION Sy 2667 $ 5.00 $ 13,333
10 COMMON EXCAVATION INCL. HAUL cY 80000 $ 16.00 $ 1,280,000
11 CRUSHED SURFACING TOP COURSE (8-inches) cY 367 $ 73.00 $ 26,767
12 MANHOLE TYPE 2, 96 IN. DIAM. (EVERY 300" EA 50 $ 7,000.00 $ 350,000
13 60" RCP CL IV PIPE LF 18000 $ 150.00 $ 2,700,000
14 BORE UNDER I-5 LF 500 $ 1,000.00 $ 500,000
15 BORE UNDER BOTHELL WAY NE LF 150 $ 1,000.00 $ 150,000
16 ACCESS ROAD BETWEEN I-5 & LAKE ( 15' WIDE, 6" GRAVEL DEPTH) LF 3000 $ 17.00 $ 51,000
Subtotal Construction Elements $ 6,601,537
Assumptions Road length is 15,000 LF. 3,000 LF from Lake to across I-5. 12' Wide pavement.
Required Ancillary ltems
17 DEWATERING 0% $ -
18 EROSION & SEDIMENTATION CONTROL 3% (see note 3) $ 198,046
19 TRAFFIC CONTROL 5% (see note 4) $ 330,077
20 CONTINGENCY 100% $ 6,601,537
Subtotal Ancillary $ 7,129,660
Subtotal Construction + Ancillary $ 13,731,197
Mobilization
21 MOBILIZATION 10% $ 660,154
Subtotal Construction + Ancillary + Mobilization $ 14,391,351
Tax/Engineering/Management/Permitting
22 STATE SALES TAX 8.5% $ 1,223,265
23 ENGINEERING/LEGAL/ADMIN 15% $ 2,158,703
24 CONSTRUCTION MANAGEMENT 15% $ 2,158,703
25 PERMITTING 5% $ 719,568
26 LAND AND RIGHT OF WAY 0% $ -
Subtotal $ 6,260,238
Subtotal Construction + Ancillary + Mobilization + Tax/Engineering/Management/Permitting $ 20,651,588
2009 Dollars Total Estimated Project Cost (Rounded) $ 20,651,600

2
3
4,
5. Land Acquisition unit costs include Administrative Costs and Condemnation.

Notes:
1

The above cost opinion is in 2009 dollars and does not include future escalation, financing, or O&M costs.

. Increase percentage markup if work is in or immediately adjacent to flowing or standing water, steep slope, and/or other erosion-prone conditions.

Increase percentage markup if work is in or immediately adjacent to secondary, arterial, or other high-volume road or temporarily closes a roadway.

. The order-of-magnitude cost opinion has been prepared for guidance in project evaluation from the information available at the time of preparation and for the assumptions stated.

The final costs of
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Lyon Creek Towne Center Culvert Capacity Upgrade Cost Estimate

2/5/09
ENR CCI
Culvert 1999 Basin Study Upgrade Cost* Update Factor 2009 Upgrade Cost
1.20 $405,000 1.23 $498,150
130 $670,000 1.23 $824,100
1.40 $452,000 1.23 $555,960
L60 $311,000 1.23 $382,530
* With Cedar Pond Improvements Total $2,260,740
Contingency @100% $2,260,740
Use $4.6 million
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Planning Level Project Cost Opinion
Lyon Creek Towne Center Bypass
Greater Lake Ballinger Watershed Study

Otak, Inc. 2/6/2009
Item Unit Estimated
No. Item Description Unit Quantity Price Cost

Construction
A.C.. Pavement Removal (12'w) sy 2600 6 $15,600
Utility Relocations Is 1 30000 $30,000
54-inch Dia. CI IV Concrete Pipe If 1950 150 $292,500
96-inch Dia. Concrete MH's ea 9 10000 $90,000
Pavement Restoration sy 2600 18 $46,800
Inlet Structure Is 1 20000 $20,000
Outlet Energy Dissipator Structure Is 1 50000 $50,000
Structure Excavation (10'w x 9'd) cy 6500 25 $162,500
Shoring and Sheeting Is 1 20000 $20,000
Gravel Backfill for Trenches cy 4800 30 $144,000
Subtotal Construction Elements $871,400
Ancillary Items
Erosion & Sedimentation Control @ 3% $26,142
Traffic Control @ 5% $43,570
Mobilization @ 10% $87,140
Contingency @ 100% $871,400
Total Ancillary Items  $1,028,252
Tax/Engineering/Management/Permitting/ROW
State Sales Tax @ 9.0% $78,426
Engineering, Legal and Administrative @ 20% $174,280
Permitting @ 5% $43,570
Construction Management @ 20% $174,280
Land and Right of Way Acquisition @ 0% $0
Total $3,398,460
Total - (Rounded) $3,400,000

K:\project\31300\31325\WaterRes\ConceptualCosts\LyonCreek\AltCosts.xls




Planning Level Project Cost Opinion

Culvert M585 Bypass

Greater Lake Ballinger Watershed Study

Otak, Inc. 2/6/2009
Item Unit Estimated
No. Item Description Unit Quantity Price Cost

Construction
A.C.. Pavement Removal (10" w) sy 67 6 $402
Utility Relocations Is 1 10000 $10,000
2.5'h x 4' w Concrete Box Culvert If 80 240 $19,200
CIP Concrete Inlets and Outlets ea 4 2000 $8,000
Pavement Restoration sy 67 18 $1,206
Structure Excavation (8'w x 7'd) cy 170 25 $4,250
Shoring and Sheeting Is 1 2000 $2,000
Gravel Backfill for Trenches cy 77 30 $2,310
Sidewalk and Landscape Restoration Is 1 5000 $5,000
Subtotal Construction Elements $52,368
Ancillary Items
Erosion & Sedimentation Control @ 3% $1,571
Traffic Control @ 5% $2,618
Mobilization @ 10% $5,237
Contingency @ 100% $52,368
Total Ancillary Items $61,794
Tax/Engineering/Management/Permitting/ROW
State Sales Tax @ 9.0% $4,713
Engineering, Legal and Administrative @ 20% $10,474
Permitting @ 5% $2,618
Construction Management @ 20% $10,474
Land and Right of Way Acquisition @ 0% $0
Total $204,235
Total - (Rounded) $205,000

K:\project\31300\31325\WaterRes\ConceptualCosts\McAleerCreek\AltCosts.xls






