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EXECUTIVE SUMMARY

Recent and frequent flooding experienced within the City of Lake Forest Park from under-capacity
culverts in McAleer and Lyon Creeks instigated this study. Past McAleer and Lyon Creeks drainage
basin studies have been completed using single event hydrologic models that are based on design

frequency rainfall events. This study utilizes the Hydrologic Simulation Program - Fortran (HSPF) model

and 50 years of recorded rainfall and evaporation data to produce design frequency flood flows.

Existing in-stream facilities (culverts, detenfion facilities and flow control facilifies) were analyzed for the
2-, 5-, 10-, 25-, 50- and 100-year flood frequency return periods for current and future land use.
Undersized culverts were then hypothetically oversized to facilitate future conditions100-year flood
flows and input info the HSPF model to establish maximum design flows for all culverts within the
McAleer and Lyon Creeks drainage basins. Contrary to past studies, it was determined that the 100-
year maximum design flow at Bothell Way is greater in Lyon Creek than McAleer Creek at 330 cubic
feet per second and 265 cubic feet per second, respectively. The relatively lower maximum design
frequency flows in McAleer Creek are primarily attributed to the fact that the McAleer Creek basin
(below Lake Baliinger) is smaller than Lyon Creek and Lake Baliinger, acting as a large detention pond,
attenuates flows into McAleer Creek. The average flows in McAleer Creek were confirmed to be

higher than those in Lyon Creek.

The existing Cedar Way Pond Detention Facility was analyzed, the outlet control structures
hypothetically changed, and the changes input into the HSPF model to determine the impact on
downstream facilities in Lyon Creek. It was found that the existing outlet control of the Cedar Way
Pond is adversely impacting the downstream flows and the modeled changes to the control structure
would effectively reduce downstream flood frequency flows an average of 22%. In fact, the
proposed low-cost changes to the Cedar Way Detention Pond will improve fish passage through the

facility as well.

In addition to analyzing existing regional facilities, potential regional detention facilities in McAleer
Creek at 15th Avenue Northeast and in Lyon Creek on South 233rd Street and at the site of the future
City of Lake Forest Park's public works yard were modeled. The model results showed that none of the
potential sites provide enough area and volume to effectively and economically decrease creek
flows. However, although a detention facility of sufficient size cannot be constructed at the future
public works yard, an off-stream water quality facility (i.e. sedimentation pond) can be constructed on

that site. The facility would require annual maintenance to achieve proper performance. Other
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potential regional facility sites were identified including the Bruggers Bog and Blue Heron Park sites, but

were not modeled because the sites were determined to be infeasible prior to modeling.

Undersized culverts within the City of Lake Forest Park, particularly those within public rights-of-way and
those impacting public infrastructure, were analyzed in more detail. The culverts were sized for the
maximum design flows and for the mitigated flows as a result of potential changes to the Cedar Way
Pond. Costs for the recommended near-term (within five years) culvert replacement projects can be
decreased approximately 9% on average per project for a total approaching $2.634,000 if the
improvements are made to the Cedar Way Detention Facility outlet control. The highest priority
recommended near-term improvements are those in the Towne Centre area to dlleviate flooding like

that experienced in the New Year's Day 1997 flood.
The near-term and long-term projects that are recommended in this study total $5,747.000 with the

City's portfion being approximately $3,435,000. Chapter 6 includes funding mechanisms that may be

available to the City, including the issuance of ulility revenue bonds.
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McALEER & LYON CREEKS DRAINAGE BASIN STUDY JUNE 1999

1. INTRODUCTION
GENERAL

In response to recent flooding in McAleer and Lyon Creeks within the City of Lake Forest Park, the City
of Lake Forest Park instigated an effort to identify and mitigate causes of the flooding. Although the
McAleer and Lyon Creeks watersheds encompass a far greater area than the City of Lake Forest Park,
the City recognizes that in order to accurately confront flooding problems within their City limits, this
study had to be implemented on a watershed basis. This study is organized into the following

chapters:

—_—

INTRODUCTION

STUDY AREA AND MODEL PARAMETERS
EXISTING FACILITY INFORMATION
HYDROLOGIC MODELING
RECOMMENDATIONS

FINANCING

O CU R CORTD

The above sections are written for a multi-audience with technical information presented in the

Appendices.

ACKNOWLEDGEMENTS

The project team includes Hammond, Collier & Wade - Livingstone Associates, Inc., Aqua Tera
Consultants, and the City of Lake Forest Park staff. In addition fo the project team, cooperation from
other agencies, organizations and community members was imperative for the completion of this

study.

We wish to thank the following agencies, individuals and organizations for their generous support and

assistance in the preparation of this study.
Mike Shaw, City of Mountlake Terrace

King County Department of Natural Resources — Water and Land Resources Division

City of Lake Forest Park Environmental Quality Commission
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MCcCALEER & LYON CREEKS DRAINAGE BASIN STUDY JUNE 1999

PROJECT AUTHORIZATION AND PURPOSE

In Spring of 1997 the City of Lake Forest Park authorized Hammond, Collier & Wade - Livingstone
Associates, Inc. to prepare a drainage basin study of McAleer and Lyon Creek basins. The project is
intended to identify problems within McAleer and Lyon Creek basins and develop solutions to these
problems with specific recommendations regarding facilities within the City of Lake Forest Park.
Several areas within the basins experience flooding events, the most recent and dramatic of which

occurred as d result of the December 1996/January 1997 storm event.
GOALS AND OBJECTIVES

The primary goal of the McAleer & Lyon Creeks Drainage Basin Study is to provide a tool for the City's
stormwater management program and ultimately protect people, properTy,Aond habitat. The specific
goals and objectives of the study are:
* Approach the study on a watershed basis concentrating on in-creek facilifies.
e Develop basin mapping with pertinent information for basin anailysis.
» Inventory existing creek reach and drainage facilities and develop capacity ratings for the
reaches and facilifies.
s Model the basins with the Hydrologic Simulation Program — FORTRAN (HSPF) computer
model.
e Identify design flows for the 2-, 5-, 10-, 25-, 50- and 100-year flooding events.
* Analyze flood mitigation alternatives.
e Recommend facilities improvements that should be instigated by the City of Lake Forest
Park and prioritize the improvements based on cost effectiveness.

e Identify potential future regional facilities that will cost effectively alleviate flooding.

STRATEGY AND METHODOLOGY

The general strategy and methodology was to complete the basin study using a best-practice and
least-cost approach to achieve the goals and objectives listed in the previous section. Knowing that
the hydrologic modeling is the "heart" of a basin study, careful selection of a modeling program had

to be made.

Past McAleer and Lyon Creek basin studies implemented event models such that were accepted

hydrologic models at the time. Event models utilize pre-determined rainfall intensities/durations, for

HAWP\RPTS\LFP\97004420\Mc&Lyo 1-3.doc 1-2




MCALEER & LYON CREEKS DRAINAGE BASIN STUDY JUNE 1999

example a 100-year/24-hour rainfall (amount in inches), and input into the model to generate flows

associated with the rainfall events.

The current industry standard for large basin modeling is utilizing continuous models. Continuous
models utilize long periods of recorded (actual) data including rainfall and evaporation in incremental
values usually for 15-minute or 1-hour intervals. The recorded data is input info the model to generate
simulated flows for each interval period for all periods entered into the model. The flows from each
interval period are then statistically analyzed to generate flood-frequency flows for various refurn
periods (i.e. 2- through 100-year flows). A good discussion of continuous versus event models can be-
found in Section 3.1.3 of the 1998 King County Surface Water Design Manual (KCSWDM).

The selected continuous event hydrologic model program is Hydrologic Simulation Program —
FORTRAN (HSPF). It was decided to model the basins using HSPF for several reasons. Foremost, HSPF,
although difficult to use, is recognized as the leading hydrologic continuous mode! used in the Puget
Sound region and is recommended in the 1998 KCSWDM. The City's ordinances reference the latest
version of the KCSWDM as the standard drainage guidelines. The 1998 KCSWDM specifies HSPF to be
utilized for all large basin modeling with large basins defined as 200 acres or more. The Lyon Creek
basin is approximately 2,500 acres and the McAleer Creek basin (below Lake Ballinger) is
approximately 1,800 acres, therefore more than justifying the use of HSPE. Furthermore, because HSPF
is the current standard large basin model in the Puget Sound region, the HSPF model enables

coordination with adjacent agencies.

Initially, the approach included detailed analysis and modeling of the McAleer and Lyon Creek
watersheds while establishing a time series of Lake Ballinger outlet flows into McAleer Creek. Inan
effort fo reduce study costs, the Lake Ballinger watershed was not going to be specifically modeled.
The time series of Lake Ballinger outlet flows was initially calculated based on recorded lake levels and
the outlet control rating information. However, the recorded lake level information is only available in
small chart recorder rolls and it is difficult and very time consuming fo exiract the necessary
information. Excerpts of the lake level information in computerized format were obtained from the
City of Mountlake Terrace, and flows were generated from that information. However, this data was
not sufficient in establishing the entire fime series of flow information needed for modeling flows into

McAleer Creek.

It was decided that it was necessary to at least generally model the Lake Ballinger watershed and

calibrate the general model using the available lake level data. The general modeling of the Lake

HA\WP\RPTS\LFP\970C4420\McA&Lyol-3.doc 1-3




McALEER & LYON CREEKS DRAINAGE BASIN STUDY JUNE 1999

Ballinger watershed was successfully calibrated; however, agencies interested in specific detail such
as land use, slopes, soils, and flows of the watershed subbasins, should instigate a detailed study of the

watershed.

The HSPF model was then calibrated for all three basins (Lake Ballinger and McAleer & Lyon Creeks) for
current land use conditions. The model was then utilized to model future land use conditions,
hypothetically upsized culverts (to achieve maximum design flows) and potential regional facilities.
Flood frequency flows, for the 2-, 5-, 10-, 25-, 50- and 100-year return periods, were generated for all in-
stream facilities {culverts & regional facilities) for all modeling scenarios. The flows for the 100-year
return period for the maximum possible flows (hypothetically upsized culverts) and mitigated
conditions (regional facilities) were used to identify and compare recommended City of Lake Forest

Park improvements for those conditions.

REFERENCES

Past studies and reports, in addition to other information, were referenced in the development of this

study. The primary reference sources are listed below.

KCM. 1983. McAleer Creek Project for King County

Entranco. 1981. Lyons Creek Watershed Comprehensive Drainage Plan for King County

King County Department of Natural Resources, Water and Land Resources Division. 1994. McAleer
Creek Bypass Pipeline Year One, Lake Washington Basin

King County. 1998. Surface Water Design Manual

KCM. 1981. Design Development Report for the Lake Ballinger Restoration Project Phase Il -
Hypolimnetic Discharge System

KCM. 1984. Lake Ballinger Restoration Project Operations & Maintenance Guide

Alan Johnson and John Orsborn. 1997. Design and Retrofit of Culverts in the Northwest for Fish
Passage

City of Lake Forest Park. 1995. Comprehensive Plan

City of Mountlake Terrace. 1996. Updated Comprehensive Policy Plan

U.S. Geological Survey. 1990. Users Manual for ANNIE, A Computer Program for Interactive Hydrologic
Analyses and Data Management

Engenious Systems, Inc. 1994, WaterWorks Software for Hydrology

U.S. Environmental Protection Agency. 1997. Hydrologic Simulation Program — FORTRAN (HPSF)
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MCALEER & LYON CREEKS DRAINAGE BASIN STUDY JUNE 1999

AGENCY COORDINATION

The McAleer and Lyon Creek basins encompass several agencies as shown FIGURE 2-2. Lake Forest
Park is the furthest downstream agency where the creeks drain into Lake Washington within the City
Limits. This study involved basin analysis outside of the City Limits, requiring coordination with the other
agencies. TABLE 1-1 summarizes the agencies involved with the McAleer Creek, Lyon Creek and Lake

Ballinger watersheds.

TABLE 1-1
AGENCIES INCLUDED/INVOLVED IN WATERSHEDS

McALEER CREEK LYON CREEK LAKE BALLINGER
WATERSHED WATERSHED WATERSHED
City of Lake Forest Park City of Lake Forest Park City of Mountlake Terrace
City of Mountlake Terrace | City of Mountlake Terrace City of Edmonds
City of Shoreline City of Brier City of Shoreline
King County King County City of Lynnwood
Snohomish County Snohomish County King County
Snohomish County

PUBLIC INVOLVEMENT

Public involvement is an important aspect of a study of this nature. As stated previously, the primary
goal of this study is to protect people, property, and habitat. Public involvement allows input from
affected property owners and concerned citizens. Information gained by public involvement is useful
in reaching the goals and objectives of the study. Public meetings were conducted and public

exhibits displayed to address issues and obtain comments related to the study.

ABBREVIATIONS AND DEFINITIONS

A number of common technical terms and names my have been abbreviated to facilitate reading.

Abbreviations and common terms used in this report defined as follows:

acre - foot volumetric measurement (1 acre foot = 1 acre of land with 1 foot of
water depth)

cf cubic foot

cfs cubic foot per second (1 cfs = 448.8 gallons per minute)

HAWP\RPTS\LFP\§7004420\McaLyo1-3.doc 1-5
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CMP

DOE

DOF

DOH

DNR

DU

EIA

FHWA HY8

flood frequency

GMA
gpm
HSPF
KCSWDM
RCP

return period

SCS
USGS
X§2

HAAWP\RPTS\LFP\97004420\Mc&Lyol-3.doc

corrugated metal pipe

Washington State Department of Ecology

Washington State Department of Fisheries

Washington State Department of Health

King County Department of Natural Resources

dwelling unit

effective impervious areas

a computer program developed by the Federal Highway
Administration

statistical results defining the occurrence of floods (same as return
period)

Growth Management Act

gallon per minute

Hydrologic Simuloﬁon Program - FORTRAN

King County Surface Water Design Manual

reinforced concrete pipe

statistical results defining the occurrence of floods {same as flood

frequency)

Soils Conservation Service
United States Geological Society

a custom computer program developed by Aqua Terra Consultants
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2. STUDY AREA & MODELING PARAMETERS
STUDY AREA

The general vicinity of Lake Forest Park is shown in FIGURE 2-1. McAleer and Lyon Creeks are part of
the Cedar River - Lake Washington Watershed, and are in the Water Resources Inventory Area
Number 8 (WRIA 8).

The detailed study area includes all of Lyon Creek drainage basin and McAleer Creek drainage basin
downstream of Lake Ballinger as shown in FIGURE 2-2 and the EXHIBITS found in pockets at the back of
this report. The Lake Ballinger basin was modeled in less detail; specifically, the basin was not
subdivided into subbasins and analyzed in as much detail as was done for the McAleer and Lyon
Creeks basins. Refer fo Chapter 4 - Hydrologic Modeling for a detailed discpssion of the Lake Ballinger

modeling strategy. TABLE 2-1 summarizes acreage and square mileage of the study area.

TABLE 2-1
STUDY AREA (acres & square miles) SUMMARY

Gross Area Gross Area % of Area
Watershed (acres) (square miles) Within LFP
Lyon Creek 2,461 3.85 35.2
McAleer Creek 1,764 2.76 39.7
Lake Ballinger 3,230 5.05 0
TOTAL: 7,455 11.86

The McAleer and Lyon Creek watersheds were subdivided into subbasins dictated by topography, the
confluence of creek tributaries, and other points of interest such as regional facilities and creek gage
locations. The Lyon Creek watershed was divided into 13 subbasins and the McAleer Creek watershed
divided into 7 subbasins, as shown in EXHIBIT1 and summarized in TABLE 2-2.

HA\WP\RPTS\LFP\§7004420\Mc8Lyo1-3.doc 2-1
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TABLE 2-2

McALEER & LYON CREEKS SUBBASIN SUMMARY

McALEER CREEK SUBBASINS

Subbasin Area
Name (acres) Location
McAleer Mouth 147 Downstream of NE 178th St. to mouth at
Lk. Washington
McAleer 2 30 NE 178th St. to 33rd Ave NE
McAleer 3 148 33rd Ave NE to NE Perkins Way
McAleer 4 302 NE Perkins Way to NE 196th St
McAleer 5 697 NE 196th St. to Outlet of Lake Ballinger
Hillside 169 West side tributary in the vicinity of NE
178th St.
Brookside 272 West side tributary south of Hillside
LYON CREEK SUBBASINS
Area
Subbasin (acres) Location
Towne Centre 69 includes Towne Centre and tributary
area to mouth at Lk. Washington
Lyon 2 50 Upstream of NE 178th St. to 40th Ave NE
Lyon 3 224 40th Ave NE to the confluence of
Bruggers Creek near NE Ballinger Way
and 35th Ave NE
Lyon 4 90 Upstream of Bruggers Creek confluence
to NE 195th St
Lyon 5 66 NE 195th ST fo 40th PL. NE
Lyon 6 149 40th Place NE to Cedar Way det. Pond
Cedar Pond 16 Cedar Pond det. Pond confluence of
two inlet tributaries from MLT & Brier
Terrace 576 Mountlake Terrace tributary (upstream of
Cedar Pond])
Brier 408 Brier tributary (upstream of Cedar Pond)
Schoolhouse 92 East side tributary to Lyon Creek
Creek downstream of 40th Ave
Lower Bruggers 107 Bruggers Creek tributary between Lyon
Creek and confluence at NE 195th St.
Upper Bruggers 445 Bruggers Creek upstream of NE 195th St.
32nd Tributary 171 Small fributary along 32nd Ave NE joining

Lyon Creek just upstream of NE 195th §t.

HAWP\RPTS\LFP\97004420\Mc&Lyo1-3.doc
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