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EXECUTIVE SUMMARY 
 
The purpose of this study is to provide a hydrologic and hydraulic analysis of Lake 
Ballinger and its outlet stream for the City of Edmonds, Washington.  Lake Ballinger has 
experienced high lake levels over the past few years, causing flooding of yards, docks, 
and houses surrounding the lake.  This study analyzes the lake levels and examines 
alternative solutions to manage the lake level to minimize future flooding. 
 
The goals and objectives of this hydrologic and hydraulic lake level study include: 
 

·  Modeling of the inflow to Lake Ballinger, 
·  Calibrating the computer model to accurately simulate lake level fluctuations, 
·  Modeling the lake outflow characteristics, 
·  Evaluating alternative outflow solutions, and 
·  Documenting the study results. 

 
Lake Ballinger is a 104-acre lake in southwest Snohomish County, with drainage from 
the communities of Edmonds, Shoreline, Mountlake Terrace, and Lynnwood.  Lake 
Ballinger has historically flooded.  The flooding of adjacent lakefront properties goes 
back at least to 1942 when a weir was installed at the lake’s outlet, McAleer Creek, to 
control lake levels in an attempt to solve the problem.  The weir was designed to be 
raised in the summer and lowered in the winter.   
 
In 1981 the Superior Court issued an order mandating operation of the lake to maintain 
lake elevations between 277.8 feet and 276.8 feet.  The Superior Court Order specified 
that the maximum lake stage of 277.8 feet only be exceeded once every five years.  
According to Mike Shaw, City of Mountlake Terrace, the historical 100-year flood 
elevation has been assumed to be at elevation 280.0 feet. 
 
Outflow from Lake Ballinger is controlled by a number of factors.  Low flows from the 
lake are controlled by a hypolimnetic pipeline plus flow over the outlet weir (set to 276.5 
feet in the winter and 277.6 in the summer).  Higher flows out of the lake submerge the 
weir and are controlled by the downstream culvert.   
 
The hydrologic and hydraulic analysis described in this report addresses flooding issues 
and builds on the previously developed hydrologic and hydraulic models of Lake 
Ballinger and McAleer Creek. 
 
The Lake Ballinger model was calibrated by comparing the observed (measured) and the 
new simulated lake stages (elevations) for the two-year calibration period of January 
2004 through December 2005.  The simulated lake stages match well with the observed 
lake stage data.  Variation between the simulated and observed lake stages can be 
attributed to the undocumented operation of the outlet weir by City of Mountlake Terrace 
Public Works Maintenance staff and do not impact the accuracy of the simulation of the 
major flood peaks.   
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Following discussions with the staff of the cities of Edmonds and Mountlake Terrace the 
following three alternative solutions were selected for analysis based on outlet 
considerations (the elevation of the downstream culvert under I-5). 
  
These three alternative solutions are: 

1. Set the outlet weir to a constant elevation of 275.7 feet. 
2. Set the outlet weir to a constant elevation of 275.0 feet. 
3. Set the outlet weir to a constant elevation of 272.78 feet. 
 

The existing conditions and the three alternatives were modeled for the simulation period 
of October 1948 through August 2007.  The model results show that all three alternatives 
produce lake levels that exceed both the Court Order 5-year elevation and the historical 
assumed 100-year elevation.  However, Alternative 3 reduces lake flood levels the best of 
the three alternative solutions. 
 
An analysis of downstream impacts showed that none of the three alternative solutions 
will produce any measureable increase in downstream flooding.  Alternative 3 will 
slightly decrease downstream peak flows by lowering the lake more often during winter 
storm periods and therefore providing more flood storage prior to these events. 
 
We recommend further investigation regarding the feasibility of implementing 
Alternative 3.   
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INTRODUCTION 
 
 

Purpose and Authority 
 
The purpose of this study is to provide a hydrologic and hydraulic analysis of Lake 
Ballinger and its outlet stream for the City of Edmonds, Washington.  Lake Ballinger has 
experienced high lake levels for many years, causing flooding of yards, docks, and 
houses surrounding the lake.  This study analyzes the lake levels and offers recommended 
solutions to manage the lake level to minimize future flooding. 
 
The City of Edmonds authorized Clear Creek Solutions, Inc., to conduct this study 
according to Contract No. 4025, dated June 28, 2007.   
 

Goals and Objectives 
 
The goals and objectives of this hydrologic and hydraulic lake level study include: 
 

·  Modeling of the inflow to Lake Ballinger, 
·  Calibrating the computer model to accurately simulate lake level fluctuations, 
·  Modeling the lake outflow characteristics, 
·  Evaluating alternative outflow solutions, and 
·  Documenting the study results. 

 

Report Overview 
 
Lake Ballinger is a 104-acre lake in southwest Snohomish County, with drainage from 
the communities of Edmonds, Shoreline, Mountlake Terrace, and Lynnwood.  Lake 
Ballinger has historically flooded.  The flooding of adjacent lakefront properties goes 
back at least to 1942 when a weir was installed at the lake’s outlet, McAleer Creek, to 
control lake levels in an attempt to solve the problem.  The weir was designed to be 
raised in the summer and lowered in the winter.   
 
In 1981 the Superior Court issued an order mandating operation of the lake to maintain 
lake elevations between 277.8 feet and 276.8 feet.  The Superior Court Order specified 
that the maximum lake stage of 277.8 feet only be exceeded once every five years.  
According to Mike Shaw, City of Mountlake Terrace, the historical 100-year flood 
elevation has been assumed to be at elevation 280.0 feet. 
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Outflow from Lake Ballinger is controlled by a number of factors.  Low flows from the 
lake are controlled by a hypolimnetic pipeline plus flow over the outlet weir (set to 276.5 
feet in the winter and 277.6 in the summer).  Higher flows out of the lake submerge the 
weir and are controlled by the downstream culvert.   
 
In recent year the citizens in the Lake Ballinger area have expressed concern regarding 
the frequency of flooding along the lake and on their properties.  The hydrologic and 
hydraulic analysis described in this report examines this issue and builds on the 
previously developed hydrologic and hydraulic models of Lake Ballinger and McAleer 
Creek. 
 

Methodology 
 
The hydrologic and hydraulic modeling for the Lake Ballinger Lake Level and Outlet 
Study is based on continuous simulation methodology.  Continuous simulation modeling 
keeps track of the entire hydrologic cycle on an hourly or smaller time step for multiple 
years. 
 
The advantages of continuous simulation modeling are: 
 

1. Continuous simulation modeling does not need to make inappropriate 
assumptions about the rainfall-runoff relationship.  Actual historical rainfall data 
are used in the modeling, soil moisture conditions are computed for each time 
step, and the flood frequency is statistically calculated based on annual peak flow 
values in accordance with federal standards, as prescribed in U.S. Water Council 
Bulletin 17B (1981). 

 
2. Continuous simulation modeling provides a complete range of lake levels from 

summer low levels to winter flood levels for multiple years of record.  This range 
of lake levels can be used to perform lake level frequency and duration analyses.  
Lake level frequency (probability of lake level or elevation is exceeded in any 
single year) is used to determine the ability of each alternative solution to meet 
Court mandated lake levels.  Lake level duration (percent of time that a lake level 
or elevation is exceeded) is used to determine whether or not the number of hours 
of flooding is increased or decreased for each alternative solution. 

 
The continuous simulation modeling software used for the comprehensive stormwater 
plan is the Western Washington Hydrology Model version 3 (WWHM3).  WWHM3 was 
originally developed for the Washington State Department of Ecology by Clear Creek 
Solutions, Inc.  WWHM3 uses EPA HSPF as its computational engine to compute 
stormwater runoff.  The capabilities of WWHM3 have been expanded so that entire 
watersheds (such as the Lake Ballinger drainage area) can be modeled using the options 
available in HSPF.  
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HSPF, developed for the U.S. Environmental Protection Agency in the late 1970s, 
simulates the entire water cycle for extended periods of time.  Model algorithms and 
options include hydrologic, and associated water quality, processes on pervious and 
impervious land surfaces and in streams and well-mixed impoundments. 
 
HSPF uses continuous rainfall and other meteorological records to compute streamflow 
hydrographs and water quality constituents.  HSPF simulates interception, soil moisture, 
surface runoff, interflow, base flow, evapotranspiration, groundwater recharge, channel 
routing, lake levels, and water quality (water quality was not modeled for Lake 
Ballinger).  HSPF can simulate one or many pervious or impervious unit areas 
discharging to a stream or lake.  Frequency and duration analysis can be done for any 
time series.  Any time period from a few days to hundreds of years may be simulated.  
HSPF is generally used to assess the effects of land use change, lake operations, point or 
nonpoint source treatment alternatives, flow diversions, etc.  All time series data are 
saved to the Watershed Data Management (WDM) file for later statistical analysis. 
 
WWHM3’s HSPF hydrology parameter values are based on regional watershed 
calibrations performed by the U.S. Geological Survey.  These are the default values used 
in WWHM3.  Lake Ballinger lake levels were calibrated to determine appropriate HSPF 
parameter values that best represented the hydrology of the drainage area to the lake, the 
lake level fluctuations, and the hydraulics of the lake’s outlet channel.  The calibration 
and results are discussed in the Model Development section of this report. 
 
The study computed stormwater runoff routing using HSPF for open channel conveyance 
systems where there are no backwater effects.  The lake’s outlet channel, which is 
backwater influenced, was modeled using HEC-RAS.  City of Edmonds channel outlet 
survey data were used to model the outlet stream down to its passage under Interstate 5.   
 

Recommendations 
 
The following recommendations are based on the information provided in this report. 
 

1. Presentation of the hydrologic and hydraulic modeling results to the Lake 
Ballinger Community Association and other interested parties. 

 
2. Further investigation of the feasibility of implementing Alternative 3.   
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STUDY AREA 
 
 

General 
 
Lake Ballinger is located in southwestern Snohomish County, just north of the King-
Snohomish County line and west of Interstate 5.  Snohomish County lies between the 
Puget Sound to the west, the crest of the Cascades to the east, Skagit County to the north, 
and King County to the south.  The Lake Ballinger drainage area includes portions of five 
jurisdictions that contribute flow to Lake Ballinger.  These jurisdictions are the cities of 
Edmonds, Lynnwood, Mountlake Terrace, and Shoreline, and Snohomish County 
(unincorporated county area). 
 
Figure 1 shows the extent of the Lake Ballinger watershed.  Approximately 3200 acres 
drain to Lake Ballinger, including Chase Lake, Echo Lake, Halls Lake, and Halls Creek.  
The majority of the drainage area is developed and consists of commercial, multi-family 
residential, and single-family residential development.  Approximately 39% of the 
drainage area is covered with impervious surfaces.   
 
Two golf courses drain directly to Lake Ballinger.  The 18-hole Nile Golf and Country 
Club is on the eastern shore of Lake Ballinger and the 9-hole Ballinger Lake Golf Course 
is located on the northwestern shore of the lake.  Portions of both golf courses are flooded 
by high lake levels. 
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Figure 1.  Lake Ballinger watershed.   
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Climate 
 
The climate of the Lake Ballinger drainage area is Marine Pacific West Coast.  The air 
temperatures are usually mild and abundant precipitation occurs from September through 
May.  Fall, winter, and spring are typically cool and breezy.  In the winter occasional 
arctic air masses from Canada converge with moist maritime from the Pacific Ocean 
result in snowfall down to sea level.  During the summer months a warm Pacific high 
pressure typically dominates the local weather patterns and brings clear skies and warm 
temperatures.  Long-term average annual precipitation is 35-40 inches for both northern 
King County and southern Snohomish County near Puget Sound. 
 

Data Collection 
 
The City of Edmonds provided zoning data from the five jurisdictions (Edmonds, 
Lynnwood, Mountlake Terrace, Shoreline, and unincorporated Snohomish County) in the 
Lake Ballinger drainage.  A review of this zoning data by CCS staff found it insufficient 
for determination of HSPF pervious and impervious land types.  CCS independently 
obtained land use data from Google Earth and merged this data with a surface analysis of 
a 10-meter DEM elevation map from geology.washington.edu in ARC GIS.  This 
produced a watershed map, delineated by slope, land use, and drainage areas for Lake 
Ballinger and Halls Creek that was used to calculate areas to produce a land use table 
which was then converted to a format for importing to the Lake Ballinger WWHM3 
model. 
 
Hourly precipitation data was obtained from the King County Hydrologic Information 
Center web site.  The nearest precipitation station to Lake Ballinger is the Brugger’s Bog 
station in Lake Forest Park.  Data were downloaded from the King County web site for 
the period of 1990-2007.  Data gaps were filled in using the King County Boeing Creek 
precipitation station in Shoreline.  The precipitation data have been reformatted and 
imported into a Watershed Data Management (WDM) file. 
 
Lake level data were provided by the City of Mountlake Terrace.  These data have been 
reformatted and imported into a Watershed Data Management (WDM) file. 
 
A field survey of lake outlet/McAleer Creek channel cross-section data was made by City 
of Edmonds staff.  The cross-section data have been reformatted for use in the WWHM3 
model.  
 
A review of the lake stage-storage relationship was conducted.  The original relationship 
from the original Lake Forest Park McAleer Creek HSPF model was modified to include 
both live and dead storage.  The original relationship only included live storage.  Table 1 
presents the revised stage-storage table for Lake Ballinger. 
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Table 1.  Lake Ballinger Stage-Storage Table 
 

Lake Stage Surface Area Storage Volume 
(ft) (acres) (acre-ft) 

265.00 99.00 0.00 
270.00 100.70 499.24 
275.00 102.41 1007.00 
275.70 102.65 1078.77 
275.83 102.69 1092.12 
276.50 102.92 1161.00 
276.51 102.93 1162.03 
276.70 103.10 1181.60 
276.71 103.11 1182.64 
277.10 104.00 1223.02 
277.40 104.00 1254.22 
277.41 104.00 1255.26 
277.60 104.43 1275.13 
278.20 104.95 1337.95 
278.80 111.76 1402.96 
279.40 118.57 1472.06 
279.90 124.25 1532.77 
280.50 131.06 1609.36 
281.50 142.41 1746.10 
282.50 144.56 1889.58 
283.50 155.91 2039.82 
284.50 158.00 2196.77 

 
The lake stage-storage relationship is based on the topography of the land area 
surrounding the lake, as shown in Figure 2.  Use of this topographical information 
together with the lake surface area allowed for the computation of the lake stage 
(elevation) – surface area – storage volume – discharge table that was instrumental in 
modeling the lake level fluctuations.   
 
As can be seen in Figure 2, the outlet channel (McAleer Creek) is on the east (right) side 
of the lake.  Major flooding areas are along the north side of the lake on the Ballinger 
Lake Golf Course property and the south side residential properties.   
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Figure 2.   Lake Ballinger Topographical Map 
 
Figure 3 shows the areas most susceptible to flooding colored in green.  
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*
 

Figure 3.  Lake Ballinger Flood-Prone Areas 
 
Major flooding areas are along the north side of the lake on the Ballinger Lake Golf 
Course property and the south shore residential properties.  Figures 4A through 4D show 
examples of typical south shore residential flooding (photos courtesy of the Lake 
Ballinger Community Association). 
 
 
 
 
 
 



Lake Ballinger Lake Level and Outlet Study                                                       June 2008 

11 

 
 
 
 

 
 

Figure 4A.  South Shore Flooding      Figure 4B.  South Shore Flooding 
 

 
 
Figure 4C.  South Shore Flooding      Figure 4D.  South Shore Flooding 
 
The City of Mountlake Terrace provided the City’s manual for the operation of the lake 
outlet weir.  This information was used to compute different seasonal stage-discharge 
relationships for the lake.  
 
The downstream I-5 culvert information and photo (Figure 5) were provided by Mike 
Shaw, Stormwater Program Manager for the City of Mountlake Terrace, in emails of 
December 17, 2007 and January 3, 2008.   
 
According to Washington State Department of Transportation (WSDOT) records 
obtained by Mike Shaw, the downstream I-5 culvert has a diameter of 60 inches (5 feet) 
and a length of 460 feet.  The upstream culvert invert is at elevation 272.78; the 
downstream invert is at elevation 270.48.  The culvert has a drop of 2.30 feet over a 
length of 460 feet.  This equals a 0.5% bottom slope.  The downstream end of the culvert 
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is permanently backwatered to a depth of approximately 2 feet due to the placement of 
rock (quarry spalls) in the stream channel.  This reduces the flow through the culvert. 
 
 
 

 
 
Figure 5.  Downstream I-5 Culvert (culvert on right) on East Side of I-5. 
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HYDROLOGY 
 
The hydrologic and hydraulic modeling for the Lake Ballinger Lake Level and Outlet 
Study was based on continuous simulation methodology.  Continuous simulation 
modeling keeps track of the entire hydrologic cycle on an hourly or smaller time step for 
multiple years. 
 
The continuous simulation modeling software used for the comprehensive stormwater 
plan is the Western Washington Hydrology Model version 3 (WWHM3).  WWHM3 was 
originally developed for the Washington State Department of Ecology by Clear Creek 
Solutions, Inc.  WWHM3 uses EPA HSPF as its computational engine to compute 
stormwater runoff.  Runoff from the surrounding drainage area into Lake Ballinger is 
computed using HSPF together with lake levels.  Routing the outflow from the lake 
through downstream channel and culvert system was done using a combination of HSPF 
and HEC-RAS.  City of Edmonds survey data were used to model the outlet channel. 
 

Model Calibration 
 
The Lake Ballinger model was calibrated by comparing the observed (measured) and the 
new simulated lake stages (elevations) for the two-year calibration period of January 
2004 through December 2005 (Figure 6).  The simulated lake stages (in red) match well 
with the observed lake stage data (in blue).  Where there are some differences these 
differences are due to the undocumented operation of the outlet weir by City of 
Mountlake Terrace Public Works Maintenance staff and do not impact the accuracy of 
the simulation of the major flood peaks.   
 
Note that the 1981 Snohomish County Superior Court Order mandates operation of the 
lake to maintain lake elevations between 277.8 feet and 276.8 feet.   
 
The City of Mountlake Terrace maintains the outlet weir at four different elevations 
throughout the year based on the Snohomish County Superior Court Order using the 
following schedule: 
 
April 1 through June 15  276.7 
June 15 through September 15 277.4 
September 15 through October 31 276.7 
October 31 through April 1  276.5 
 
These outlet weir elevations were included in the calibrated model of Lake Ballinger. 
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Figure 6.  Lake Ballinger Calibration Period (2004-2005). 
 

Alternative Solutions Analysis  
 
Following discussions with the staff of the cities of Edmonds and Mountlake Terrace the 
following three alternative solutions were selected for analysis based on outlet 
considerations (the elevation of the downstream culvert under I-5). 
  
These three alternative solutions are: 

1. Set the outlet weir to a constant elevation of 275.7 feet. 
2. Set the outlet weir to a constant elevation of 275.0 feet. 
3. Set the outlet weir to a constant elevation of 272.78 feet. 
 

Alternative 1 is based on setting the weir at the elevation of the high spot in the 
downstream outlet channel between the weir and the I-5 culvert.  This channel high spot 
is located at Station 8+75 and is at elevation 275.7 feet. 
 
Alternative 2 is based on lowering the outlet channel to an elevation of 275.0 feet.  This 
would require excavating the channel downstream of the weir. 
 
Alternative 3 is the lowest possible weir elevation and is equal to the I-5 culvert upstream 
invert elevation (272.78 feet).  To use a lower elevation would require lowering the weir 
elevation to below that of the elevation of the I-5 culvert. 
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Each alternative solution was compared with the existing observed lake stages for the 
two-year calibration period, as shown in Figures 7, 8, and 9.  Each figure provides a 
visual representation of the differences in lake water levels with the three different outlet 
weir settings. 

 
Figure 7.  Alternative 1 (Weir at 275.7 feet). 
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Figure 8.  Alternative 2 (Weir at 275.0 feet). 

 
 
Figure 9.  Alternative 3 (Weir at 272.78 feet). 
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The existing conditions (based on 2006 land use data) and the three alternatives were 
modeled for the simulation period of October 1948 through August 2007.  This 59-year 
period of record was used to provide maximum annual stage values for the stage 
frequency analysis.  The stage (lake level) frequency analysis was conducted using a 
statistical Log Pearson Type III distribution, as specified in the U.S. Water Resources 
Council Bulletin 17B (1981).  The stage frequency results are shown in Table 2. 
 
Table 2.  Lake Ballinger Stage Frequency Results 
Return Period Court Order Historical Existing Alternative 1 Alternative 2 Alternative 3 
2 Year   279.56 279.13 278.93 277.57 
5 Year 277.8  280.18 279.80 279.64 278.43 
10 Year   280.56 280.20 280.06 278.94 
25 Year   280.99 280.67 280.54 279.53 
50 Year   281.30 281.00 280.88 279.93 
100 Year  280.0 281.59 281.31 281.19 280.31 

 
The 1981 Superior Court Order specified a maximum lake stage of 277.8, only to be 
exceeded once every five years.  According to Mike Shaw, City of Mountlake Terrace, 
historically the 100-year flood elevation has been assumed to be 280.0 feet. 
 
All three alternatives indicate that even by lowering the outlet weir elevation to 272.78 
feet (to correspond to the I-5 culvert elevation) that both the Court Order 5-year elevation 
and the historical assumed 100-year elevation will be exceeded. 
 
The alternatives can also be evaluated in terms of stage (lake level) durations.  Stage 
duration is the percent of time that a specific stage (elevation) is exceeded during the 
simulation period of record.  Stage duration results were compared for the three 
alternatives with the existing conditions (Figure 10 and Table 3). 
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Figure 10.  Lake Ballinger Stage Durations 
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Table 3.  Lake Ballinger Stage Durations (Lake Level Exceedance Percentage) 
 

Stage (ft) Existing  Alternative 1 Alternative 2 Alternative 3 
275.0 100.00% 100.00% 100.00% 25.19% 
275.1 100.00% 100.00% 100.00% 22.60% 
275.2 100.00% 100.00% 100.00% 20.34% 
275.3 100.00% 100.00% 100.00% 18.14% 
275.4 100.00% 100.00% 99.94% 16.02% 
275.5 100.00% 100.00% 99.80% 14.06% 
275.6 100.00% 100.00% 99.69% 12.24% 
275.7 100.00% 100.00% 99.42% 10.59% 
275.8 100.00% 98.51% 98.19% 9.07% 
275.9 99.90% 97.48% 78.70% 7.71% 
276.0 99.81% 96.20% 64.31% 6.49% 
276.1 99.77% 94.55% 54.36% 5.47% 
276.2 99.71% 92.18% 46.65% 4.54% 
276.3 99.66% 88.48% 40.36% 3.77% 
276.4 99.63% 82.41% 35.32% 3.17% 
276.5 99.56% 69.61% 31.03% 2.66% 
276.6 98.99% 46.29% 27.21% 2.23% 
276.7 97.15% 36.73% 23.75% 1.85% 
276.8 89.39% 30.39% 20.63% 1.54% 
276.9 79.09% 25.53% 17.76% 1.28% 
277.0 70.02% 21.70% 15.20% 1.08% 
277.1 62.51% 18.57% 12.85% 0.91% 
277.2 55.96% 15.96% 10.82% 0.79% 
277.3 50.23% 13.68% 8.96% 0.67% 
277.4 44.60% 11.77% 7.17% 0.58% 
277.5 31.21% 9.97% 5.52% 0.51% 
277.6 23.21% 8.22% 4.44% 0.43% 
277.7 18.27% 6.67% 3.66% 0.35% 
277.8 14.64% 5.37% 3.04% 0.30% 
277.9 11.84% 4.31% 2.55% 0.25% 
278.0 9.64% 3.50% 2.12% 0.20% 
278.1 7.83% 2.84% 1.75% 0.16% 
278.2 6.33% 2.33% 1.47% 0.13% 
278.3 5.13% 1.88% 1.22% 0.11% 
278.4 4.13% 1.52% 1.00% 0.09% 
278.5 3.33% 1.23% 0.83% 0.08% 
278.6 2.70% 1.01% 0.69% 0.06% 
278.7 2.16% 0.82% 0.59% 0.05% 
278.8 1.72% 0.67% 0.49% 0.05% 
278.9 1.37% 0.55% 0.41% 0.05% 
279.0 1.09% 0.46% 0.32% 0.05% 
279.1 0.88% 0.37% 0.26% 0.05% 
279.2 0.71% 0.29% 0.21% 0.04% 
279.3 0.58% 0.24% 0.17% 0.04% 
279.4 0.49% 0.19% 0.14% 0.04% 
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Stage (ft) Existing  Alternative 1 Alternative 2 Alternative 3 
279.5 0.38% 0.15% 0.11% 0.03% 
279.6 0.30% 0.12% 0.09% 0.03% 
279.7 0.24% 0.10% 0.06% 0.02% 
279.8 0.19% 0.07% 0.06% 0.02% 
279.9 0.15% 0.06% 0.05% 0.02% 
280.1 0.12% 0.05% 0.05% 0.01% 
280.2 0.10% 0.05% 0.05% 0.01% 
280.3 0.07% 0.04% 0.04% 0.01% 
280.4 0.06% 0.04% 0.04% 0.01% 
280.5 0.05% 0.04% 0.04% 0.01% 
280.6 0.05% 0.04% 0.03% 0.01% 
280.7 0.04% 0.03% 0.03% 0.00% 
280.8 0.04% 0.03% 0.02% 0.00% 
280.9 0.03% 0.02% 0.02% 0.00% 
281.0 0.03% 0.02% 0.01% 0.00% 

 
Lake levels exceed the Court Order elevation of 277.8 feet 14.64% of the time with the 
existing weir operation.  With Alternative 1 this will decrease to 5.37% of the time.  
Alternative 2 decreases the occurrence of lake levels exceeding 277.8 feet to 3.04% of the 
time.  Alternative 3 further reduces lake levels at this elevation or higher to only 0.30% of 
the time. 
 

Downstream Impacts 
 
In 1999 the Seattle engineering firm of Hammond, Collier, Wade, and Livingstone 
(HCWL) produced a study of Lyon Creek and McAleer Creek flood issues for the City of 
Lake Forest Park.  As part of this study Doug Beyerlein and Joe Brascher (at the time at 
AQUA TERRA Consultants) developed an HSPF model of McAleer Creek (Beyerlein, 
1998).  The McAleer Creek model included Lake Ballinger and its contributing drainage 
area.  The model does not include the dam on McAleer Creek located downstream of the 
I-5 culvert.  King County installed this dam on McAleer Creek in 1989 (prior to the 
incorporation of the City of Shoreline in 1995).  The City of Shoreline now operates the 
dam by controlling the flow via a 28-inch wide sluice gate.  The sluice gate opening is set 
at 24 inches high and according to Jerry Shuster, Surface Water and Environmental 
Services Manager of the City of Shoreline, has been at this same setting since it was 
installed.  
 
This original Lake Forest Park McAleer Creek HSPF model (downstream of I-5) was 
used by Clear Creek Solutions to evaluate potential downstream impacts of the three 
alternative solutions described above. 
 
The streamflow data produced by the three alternatives were compared with the existing 
conditions flow at the mouth of McAleer Creek for the simulation period of October 1948 
through August 2007 (Figure 11).  The result of this analysis comparison is that the 
difference in the daily flows between the existing condition and the three lake outlet 
alternatives is insignificant. 
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Figure 11.  McAleer Creek at Mouth 

 
Figure 12.  McAleer Creek at Mouth, December 1996 Flood 
 
Figure 12 shows the four sets of streamflow data (existing, alternative 1, alternative 2, 
and alternative 3) for the December 1996 flood, the largest flood event modeled between 
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1948 and 2007.  Minor differences are visible, but there are no significant differences in 
the peak flows during this event (Table 4).  This is because the Lake Ballinger maximum 
flow exiting the I-5 culvert equaled only approximately 40 cfs when the peak flooding 
(260 cfs) occurred at the mouth.  The maximum flow from Lake Ballinger occurred 
approximately three days later and was 144 cfs.  
 
Table 4.  McAleer Creek at Mouth, December 1996 Flood 
 
Condition  Peak Flow (cfs) 
Existing 265 
Alternative 1 266 
Alternative 2 264 
Alternative 3 259 
  
A comparison of flood frequency values (Table 5) at the mouth of McAleer Creek shows 
a slight increase in the 2-, 5-, and 10-year values for Alternative 1 when compared to the 
existing conditions.   Alternatives 2 and 3 decrease flood frequency values at the mouth 
of McAleer Creek.   
 
Table 5.  McAleer Creek Flood Frequency at Mouth  
 

Return Period 
(years) 

Existing 
(cfs) 

Alternative 1 
(cfs) 

Alternative 2 
(cfs) 

Alternative 3 
(cfs) 

2 105.8 107.2 105.3 100.2 
5 134.7 136.1 133.1 127.5 
10 155.7 156.6 153.1 147.3 
25 184.4 184.2 180.4 174.4 
50 207.3 206.0 202.1 196.0 

100 231.7 228.8 225.1 219.0 
 
The alternatives can also be evaluated in terms of McAleer Creek flow durations at the 
mouth of the creek.  Flow duration is the percent of time that a specific streamflow is 
exceeded during the simulation period of record.  Flow duration results were compared 
for the three alternatives with the existing conditions (Figure 13 and Table 6). 
 
As shown in Table 6, Alternative 1 produces a slight increase in the percent of time that 
flows are in the range of 12 to 21 cfs and 45 to 142 cfs when compared to existing 
conditions.  Alternative 2 increases the percent of time that flows are in the range of 9 to 
18 cfs and 39 to 61 cfs when compared to existing conditions.  Alternative 3 has the 
smallest impact and only increases flows at the mouth of McAleer Creek in the range of 6 
to 12 cfs.  Alternative 3 has the smallest impact on downstream flows because with this 
alternative more water is flowing out of Lake Ballinger during the drier portions of the 
year when there is little flow in McAleer Creek. 
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Figure 13.  McAleer Creek at Mouth Flow Durations 
 
Table 6.  McAleer Creek at Mouth, Flow Durations (Flow Rate Exceedance Percentage) 
 

Flow (cfs) Existing Alternative 1 Alternative 2 Alternative 3 
0.0 100.0% 100.0% 100.0% 100.0% 
3.0 99.8% 99.6% 99.7% 99.7% 
6.1 67.0% 57.0% 66.7% 77.2% 
9.1 46.0% 43.1% 47.6% 53.7% 
12.1 33.1% 34.6% 35.9% 34.5% 
15.2 25.0% 28.0% 26.3% 23.7% 
18.2 20.0% 23.2% 20.1% 18.0% 
21.2 16.3% 18.5% 15.4% 13.4% 
24.2 13.1% 13.1% 11.3% 10.3% 
27.3 10.6% 9.74% 8.52% 8.43% 
30.3 8.51% 7.89% 7.20% 6.95% 
33.3 6.85% 6.53% 6.31% 5.76% 
36.4 5.62% 5.44% 5.61% 4.78% 
39.4 4.68% 4.58% 5.03% 4.00% 
42.4 3.92% 3.87% 4.29% 3.27% 
45.5 3.26% 3.27% 3.57% 2.63% 
48.5 2.75% 2.80% 2.96% 2.19% 
51.5 2.33% 2.40% 2.44% 1.88% 
54.5 1.97% 2.04% 2.03% 1.62% 
57.6 1.68% 1.74% 1.70% 1.42% 
60.6 1.43% 1.49% 1.43% 1.24% 
63.6 1.22% 1.29% 1.22% 1.07% 
66.7 1.05% 1.11% 1.04% 0.91% 
69.7 0.91% 0.97% 0.89% 0.79% 
72.7 0.79% 0.83% 0.77% 0.68% 
75.8 0.68% 0.73% 0.67% 0.58% 
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Flow (cfs) Existing Alternative 1 Alternative 2 Alternative 3 
78.8 0.59% 0.63% 0.57% 0.49% 
81.8 0.50% 0.54% 0.49% 0.41% 
84.8 0.43% 0.46% 0.41% 0.35% 
87.9 0.37% 0.39% 0.35% 0.29% 
90.9 0.31% 0.34% 0.30% 0.25% 
93.9 0.27% 0.29% 0.27% 0.21% 
97.0 0.24% 0.26% 0.23% 0.18% 

100.0 0.21% 0.22% 0.20% 0.16% 
103.0 0.18% 0.20% 0.17% 0.13% 
106.1 0.16% 0.17% 0.15% 0.11% 
109.1 0.13% 0.14% 0.12% 0.09% 
112.1 0.11% 0.12% 0.10% 0.08% 
115.2 0.092% 0.10% 0.085% 0.067% 
118.2 0.078% 0.085% 0.071% 0.059% 
121.2 0.067% 0.071% 0.062% 0.053% 
124.2 0.060% 0.062% 0.057% 0.049% 
127.3 0.056% 0.058% 0.053% 0.046% 
130.3 0.052% 0.054% 0.050% 0.043% 
133.3 0.048% 0.050% 0.046% 0.040% 
136.4 0.043% 0.046% 0.042% 0.036% 
139.4 0.040% 0.041% 0.037% 0.032% 
142.4 0.036% 0.037% 0.034% 0.028% 
145.5 0.035% 0.034% 0.031% 0.024% 
148.5 0.032% 0.031% 0.027% 0.022% 
151.5 0.028% 0.026% 0.023% 0.019% 
154.5 0.024% 0.023% 0.020% 0.017% 
157.6 0.021% 0.020% 0.018% 0.015% 
160.6 0.019% 0.017% 0.015% 0.013% 
163.6 0.017% 0.015% 0.014% 0.012% 
166.7 0.015% 0.013% 0.012% 0.010% 
169.7 0.014% 0.012% 0.010% 0.0087% 
172.7 0.012% 0.010% 0.0089% 0.0077% 
175.8 0.010% 0.0083% 0.0081% 0.0068% 
178.8 0.0091% 0.0076% 0.0070% 0.0056% 
181.8 0.0081% 0.0070% 0.0066% 0.0054% 
184.8 0.0072% 0.0064% 0.0056% 0.0041% 
187.9 0.0066% 0.0056% 0.0048% 0.0033% 
190.9 0.0056% 0.0045% 0.0039% 0.0031% 
193.9 0.0048% 0.0041% 0.0035% 0.0027% 
197.0 0.0045% 0.0041% 0.0031% 0.0023% 
200.0 0.0035% 0.0031% 0.0023% 0.0019% 
203.0 0.0031% 0.0023% 0.0023% 0.0017% 
206.1 0.0029% 0.0023% 0.0019% 0.0017% 
209.1 0.0023% 0.0021% 0.0017% 0.0014% 
212.1 0.0021% 0.0017% 0.0017% 0.0012% 
215.2 0.0017% 0.0017% 0.0014% 0.0010% 
218.2 0.0017% 0.0012% 0.0012% 0.0006% 
221.2 0.0015% 0.0012% 0.0010% 0.0006% 
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Flow (cfs) Existing Alternative 1 Alternative 2 Alternative 3 
224.2 0.0010% 0.0010% 0.0006% 0.0006% 
227.3 0.0010% 0.0008% 0.0006% 0.0004% 
230.3 0.0010% 0.0006% 0.0006% 0.0004% 
233.3 0.0008% 0.0006% 0.0004% 0.0004% 
236.4 0.0006% 0.0004% 0.0004% 0.0004% 
239.4 0.0006% 0.0004% 0.0004% 0.0004% 
242.4 0.0006% 0.0004% 0.0004% 0.0004% 
245.5 0.0004% 0.0004% 0.0004% 0.0004% 
248.5 0.0004% 0.0004% 0.0004% 0.0004% 
251.5 0.0004% 0.0004% 0.0004% 0.0004% 
254.5 0.0004% 0.0004% 0.0004% 0.0004% 
257.6 0.0004% 0.0004% 0.0004% 0.0004% 
260.6 0.0004% 0.0004% 0.0004% 0.0000% 
263.6 0.0004% 0.0004% 0.0002% 0.0000% 
266.7 0.0000% 0.0000% 0.0000% 0.0000% 
269.7 0.0000% 0.0000% 0.0000% 0.0000% 
272.7 0.0000% 0.0000% 0.0000% 0.0000% 
275.8 0.0000% 0.0000% 0.0000% 0.0000% 
278.8 0.0000% 0.0000% 0.0000% 0.0000% 
281.8 0.0000% 0.0000% 0.0000% 0.0000% 
284.8 0.0000% 0.0000% 0.0000% 0.0000% 
287.9 0.0000% 0.0000% 0.0000% 0.0000% 
290.9 0.0000% 0.0000% 0.0000% 0.0000% 
293.9 0.0000% 0.0000% 0.0000% 0.0000% 
297.0 0.0000% 0.0000% 0.0000% 0.0000% 
300.0 0.0000% 0.0000% 0.0000% 0.0000% 
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SUMMARY 
 
The hydrologic and hydraulic modeling for the Lake Ballinger Lake Level and Outlet 
Study was based on continuous simulation methodology.  Continuous simulation 
modeling keeps track of the entire hydrologic cycle on an hourly or smaller time step for 
multiple years. 
 
The continuous simulation modeling software used for the comprehensive stormwater 
plan is the Western Washington Hydrology Model version 3 (WWHM3).  WWHM3 was 
originally developed for the Washington State Department of Ecology by Clear Creek 
Solutions, Inc.  WWHM3 uses EPA HSPF as its computational engine to compute 
stormwater runoff.  Runoff from the surrounding drainage area into Lake Ballinger is 
computed using HSPF together with lake levels.  Routing the outflow from the lake 
through downstream channel and culvert system was done using a combination of HSPF 
and HEC-RAS.  City of Edmonds survey data were used to model the outlet channel. 
 
The Lake Ballinger model was calibrated by comparing the observed (measured) and the 
new simulated lake stages (elevations) for the two-year calibration period of January 
2004 through December 2005.  The simulated lake stages match well with the observed 
lake stage data.  Where there is variation, these differences can be attributed to the 
undocumented operation of the outlet weir by City of Mountlake Terrace Public Works 
Maintenance staff and therefore do not impact the accuracy of the simulation of the major 
flood peaks.   
 
Following discussions with the staff of the cities of Edmonds and Mountlake Terrace the 
following three alternative solutions were selected for analysis based on outlet 
considerations (the elevation of the downstream culvert under I-5). 
  
These three alternative solutions are: 

4. Set the outlet weir to a constant elevation of 275.7 feet. 
5. Set the outlet weir to a constant elevation of 275.0 feet. 
6. Set the outlet weir to a constant elevation of 272.78 feet. 
 

The existing conditions and the three alternatives were modeled for the simulation period 
of October 1948 through August 2007.  The model results show that all three alternatives 
produce lake levels that exceed both the Court Order 5-year elevation and the historical 
assumed 100-year elevation.  However, Alternative 3 reduces lake flood levels the most 
of the three alternative solutions. 
 
An analysis of downstream impacts showed that none of the three alternative solutions 
will produce any measureable increase in downstream flooding.  Alternative 3 will 
slightly decrease downstream peak flows by lowering the lake more often during winter 
storm periods and therefore providing more flood storage prior to these events. 
 
We recommend further investigation of the feasibility of implementing Alternative 3.   
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