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A p p e n d i x  A — R e p o r t s  S u m m a r y  



Jurisdiction that Provided the 
Document Title of Report Date Category

City of Edmonds Vicinity Map No date Maps or GIS Data
Forum "Lake Ballinger/McAleer Creek Watershed Action Plan Underway" Meeting Announcement 10/2/2008 Educational Information or Announcements

Lake Forest Park
"Hall Lake, Chase Lake, Echo Lake, Lake Ballinger, McAleer Creek Watershed Forum: Fact Sheet 
Concerning Development of a Strategic Action Plan" 7/9/2008 Educational Information or Announcements

Lake Forest Park "City of Edmonds: Lake Ballinger Lake Level and Outlet Study 2008" by Clear Creek Solutions 2008 Flooding or Flow Control
City of Edmonds "Where in the World is Your Watershed: A Guide to Edmonds' Watershed Protection" Pamphlet No date Educational Information or Announcements
City of Edmonds "Edmonds Public Art Walk Tour" Pamphlet No date Educational Information or Announcements

Not sure "Juanita Creek Basin Retrofitting Analysis Report Scope" 8/12/2008 Water Quality and Flooding or Flood Control
City of Lynnwood "Hall Lake Study Habitat Assessment" on CD No date Water Quality and Flooding or Flood Control

Department of Ecology "Ecology Well Records: Upper Lake Ballinger Basin" on CD 9/26/2008 Biological and Habitat
City of Shoreline "Stream and Wetland Inventory and Assessment: Appendices" 2004 Biological and Habitat
City of Shoreline "Echo Lake Outlet: Ambient Water Quality Monitoring" Spreadsheet 2001 Water Quality
City of Shoreline "McAleer Creek: Ambient Water Quality Monitoring" Spreadsheet 2001 Water Quality
City of Shoreline "Ballinger Creek: Ambient Water Quality Monitoring" Spreadsheet 2001 Water Quality
City of Shoreline "Echo Lake Outlet: Ambient Water Quality Monitoring Miscellaneous Notes" Spreadsheet 2001 Water Quality

City of Lake Forest Park "Macroinertebrate Survey Scores" for local creeks, including McAleer Creek & Ballinger Creek 2003 & 2007 Biological and Habitat
City of Shoreline "McAleer Creek and Lyon Creek Basin Characterization Report" by TetraTech/KCM May-04 Water Quality and Flooding or Flood Control
City of Edmonds "Lake Ballinger Rehabilitation Study: Recommended Plan for the City of Mountlake Terrace 1977 Water Quality and Flooding or Flood Control
City of Edmonds City of Edmonds Data List 10/2/2008 Educational Information or Announcements

City of Mountlake Terrace City of Mountlake Terrace Document List for Lake Ballinger/McAleer Creek 9/26/2008 Educational Information or Announcements
City of Mountlake Terrace Lake Ballinger TMDL for Phosphorous Water Quality
City of Lake Forest Park GIS Land Use Data 9/2/2008 Maps or GIS Data

DOE Website QAPP: Lake Ballinger TMDL Effectiveness Monitoring Study 1/1/2006 Water Quality
DOE Website Lake Ballinger Total Phosphorous TMDL: Water Quality Attainment Monitoring Report 4/1/2008 Water Quality

City of Lake Forest Park "McAleer and Lyon Creeks Drainage Basin Study for the City of Lake Forest Park" 6/1/1999 Flooding or Flow Control
City of Lake Forest Park "Lyon Creek Watershed Comprehensive Drainage Plan" 1/1/1983 Flooding or Flow Control and Biological and Habitat
City of Mountlake Terrace "Lake Ballinger Fact Sheet" 1/2/2008 Educational Information or Announcements

Snohomish County

Swamp Creek DNR 
(http://www1.co.snohomish.wa.us/Departments/Public_Works/Divisions/SWM/Library/Publications/Urba
n_Drainage/DNR/Swamp_DNR.htm) 12/1/2002 Flooding or Flow Control

City of Edmonds 2003 Stormwater Comprehensive Plan 2003 Stormwater Comprehensive Plan
City of Mountlake Terrace Lake Ballinger Water Quality Report Mar-74 Water Quality

City of Mountlake Terrace
Lake Ballinger Restoration Project Phase II: Hypolimnetic Discharge/Withdrawal Construction 
Specifications and Plans Apr-82 Water Quality

City of Mountlake Terrace Lake Ballinger Restoration Project Interim Monitoring Study Report Jun-81 Water Quality
City of Mountlake Terrace Lake Ballinger Restoration Project Operation and Maintenance Guide Mar-84 Water Quality and Flooding or Flood Control
City of Mountlake Terrace Lake Ballinger Restoration Project Phase II: Interim Water Quality Report Mar-85 Water Quality

City of Mountlake Terrace
McAleer Creek Project: King County Surface Water Management by City of Lake Forest Park and 
Mountlake Terrace Apr-83 Water Quality and Flooding or Flood Control

DOE Soil Survey Geographic (SSURGO) Data Base Jan-95 Soils
City of Mountlake Terrace 2008 Stormwater Management Plan Aug-08 Stormwater Comprehensive Plan

City of Edmonds Chase Lake/Lake Ballinger Subbasin Study  10/1987 Flooding or Flood Control
City of Edmonds Chase Lake Regional Detention Facility 1989 Flooding or Flood Control
City of Edmonds Chase Lake Watershed Management Plan 1988 Flooding or Flood Control

Report Categories Data Gaps 
1. Water Quality 1. GIS Data: Drainage Facilities for the Cities of Edmond and Lynnwood
2. Flooding or Flow Control 2. Hydrology
3. Stormwater Comprehensive Plan 3. Geohydrology
4. Hydrogeology or Soils 4. Fish Habitat
5. Educational Information or Announcements
6. Maps or GIS Data
7. Biological and Habitat

Lake Ballinger/McAleer Creek Watershed Study
Appendix A Reports Summary
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CLEAR CREEK SOLUTIONS, INC. 
 
15800 Village Green Drive #3            
Mill Creek, WA 98012 
425-892-6454                    
www.clearcreeksolutions.com 
 

 
DATE:  9 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 #1 Surface Water Flow Analysis 
 
 
The surface water flow analysis consists of computing the Lake Ballinger water balance and 
determining downstream flood impacts in Lake Forest Park from McAleer Creek and Lyon 
Creek. 
 
Lake Ballinger Water Balance 
 
The Lake Ballinger water balance is the accounting of the many pathways taken by the 
precipitation that falls on the Lake Ballinger watershed.  The HSPF model of the Lake Ballinger 
watershed is used to compute the water balance and provides a summary of the total rainfall 
that becomes pervious surface runoff, impervious surface runoff, interflow (shallow, sub-surface 
runoff), groundwater (base flow), and evapotranspiration.  The water balance is based on 
average annual values. 
 
Pervious surface runoff is produced by soils that become saturated with water during long, 
intensive rainfall.  Pervious surface runoff occurs rarely from outwash soils.  For an outwash soil 
in an average year with a total rainfall of approximately 38 inches of water less than one-tenth of 
an inch of that water becomes surface runoff.  By comparison, till soils produce almost one-half 
of an inch of surface runoff (from lawn vegetation). 
 
Impervious surfaces (such as roads, roofs, parking, sidewalks, and driveways) produce over 30 
inches of impervious surface runoff in an average year of 38 inches of rainfall. 
 
Interflow is shallow, sub-surface runoff that combines with surface runoff to produce stormwater 
runoff and causes flooding.  Outwash soils, because of their high infiltration rates, do not 
produce interflow.  Till soils have a much lower infiltration rate than outwash soils and generate 
large amounts of interflow.  In an average year, till soils with forest vegetation produces almost 
6 inches of interflow; till with lawn vegetation produces 13 inches of interflow.  This increase in 
interflow occurs when forest is converted to lawn on till soils and demonstrates the stormwater 
value of maintaining forest vegetation. 
 
Groundwater is the portion of the water balance that is stored in the shallow and deep aquifers 
underlying the Lake Ballinger watershed.  By definition, active groundwater is the portion of the 
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groundwater recharge that returns to the lake as base flow.  Base flow is a slow, steady release 
of water from the groundwater aquifer that provides stream flow during dry periods.  Base flow is 
generally not considered a component of stormwater runoff.  In contrast to active groundwater, 
inactive groundwater is the portion of groundwater recharge that does not go to Lake Ballinger, 
but perhaps goes to Puget Sound or Lake Washington directly (its actual destination is unknown 
except for the fact that it does not contribute to Lake Ballinger).  Based on our HSPF water 
balance modeling of the Lake Ballinger watershed it appears that there is little or no inactive 
groundwater in this watershed.  All of the groundwater is assumed to go to Lake Ballinger. 
 
Outwash forest areas produce over 17 inches of groundwater per year.  Outwash lawn areas 
produce over 22 inches per year.  The reason that outwash lawn areas produce more 
groundwater than outwash forest is because forested areas have a much higher 
evapotranspiration rate than lawn areas.  Till forest produces approximately 11 inches of 
groundwater per year; till lawn only 8 inches. 
 
Impervious surfaces by their very nature do not produce interflow or groundwater. 
 
Water that does not become either surface runoff, interflow, or groundwater returns directly to 
the atmosphere as evapotranspiration.  Evapotranspiration is the sum of both evaporation of 
water from pervious and impervious surfaces and transpiration of water from the soil by plants.  
In forest areas, regardless of soil type, over 50% of the average annual rainfall becomes 
evapotranspiration.  With the removal of trees this decreases to approximately 40% for both 
outwash and till soils.  Covering the soil with an impervious surface reduces the percentage of 
average annual rainfall that becomes evaporation (there is no transpiration from an impervious 
surface) to less than 20%. 
 
Table 1 summarizes the water balance information for outwash and till soils in the Lake 
Ballinger watershed. 
 
Table 1.  Water Balance Summary 

Soil Vegetation Surface 
Runoff (in/yr) 

Interflow 
(in/yr) 

Groundwater 
(in/yr) 

Evapotranspiration 
(in/yr) 

Outwash Forest 0.011 0 17.5 20.0 
Outwash Lawn 0.068 0 22.6 14.8 
Till Forest 0.064 5.73 11.6 20.2 
Till Lawn 0.483 13.1 8.2 15.8 
Impervious None 30.44 0 0 7.1 

 
This information in Table 1 was combined with the GIS land use data to produce the total 
average annual runoff to Lake Ballinger from the surrounding watershed area. 
 
The average annual runoff to Lake Ballinger is the sum of the runoff from the existing pervious 
and impervious areas that drain to the lake.  This information can be converted into acre-feet of 
water per year (1 acre-foot of water is equal to an area the size of one acre covered with water 
to a depth of one foot).  One acre-foot of water equals 325,851 gallons. 
 
With today’s existing land use approximately 7079 acre-feet of water flow into Lake Ballinger 
every year (Table 2).  Of that total amount of flow into the lake the majority (56%) of the water is 
impervious surface runoff (3933 ac-ft).  Pervious surface runoff and interflow also contribute to 
the lake, but at 0.5% and 17%, respectively, are much smaller contributors than impervious 
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surface runoff.  Groundwater contributes approximately 25% of the total inflow to the lake.  
Rainfall directly on Lake Ballinger (minus evaporation) accounts for 2% of the total inflow. 
 
Table 2.  Lake Ballinger Existing Water Balance  
Runoff 
Component Existing 

(ac-ft/yr) 

Percent 
of Total 

(%) 
Impervious Runoff 3933 56% 
Surface Runoff 35 0.5% 
Interflow 1197 17% 
Groundwater 1791 25% 
Lake 122 2% 
Total 7079 100% 

 
The same water balance analysis has been done for the Lake Ballinger watershed with 
unaltered, forested land use conditions.  The forested water balance numbers (Table 3) shown 
a very different picture than today’s existing conditions water balance numbers. 
 
Table 3.  Lake Ballinger Forested Water Balance  
Runoff 
Component 

Forested 
(ac-ft/yr) 

Change 
(%) 

Impervious Runoff 0 0% 
Surface Runoff 15 0.3% 
Interflow 1232 25% 
Groundwater 3581 72% 
Lake 117 2% 
Total 4945 100% 

 
The forested water balance shows no impervious surface runoff (because there is no 
impervious surface area) and the majority (72%) of the flow into the lake from groundwater. 
 
When comparing the forested and existing land use water balances (Table 4) it becomes 
obvious that the largest change in flow to Lake Ballinger is the addition of 3933 ac-ft of 
impervious surface runoff and the reduction of 1790 ac-ft of groundwater.  This means that 
today Lake Ballinger receives 43% more total inflow than it did prior to development of the 
watershed and that the flow into the lake is much faster – both conditions which produce lake 
shore flooding.  Correspondingly, there is a 2134 ac-ft decrease in the amount of evapo-
transpiration (ET) taking place in the watershed.  This is due to the removal of most of the forest 
vegetation. 
 
Table 4.  Comparison of Forested and Existing Water Balances 

Runoff Component Forested 
(ac-ft) 

Existing 
(ac-ft) 

Change 
(ac-ft) 

Change 
(%) 

Impervious Runoff 0 3933 3933   
Surface Runoff 15 35 20 132% 
Interflow 1232 1197 -35 -3% 
Groundwater 3581 1791 -1790 -50% 
Lake 117 122 5 4% 
Total Runoff Increase 4945 7079 2134 43% 
ET Decrease 6353 4220 -2134 -34% 
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Another way to look at the change in the water balance is shown in Figure 1.  The green 
columns are the forested runoff components (surface runoff, interflow, and groundwater).  The 
red bars are the existing land runoff components (impervious runoff, surface runoff, interflow, 
and groundwater).  The large increase in impervious runoff and decrease in groundwater are 
noticeable.  
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Figure 1.  Lake Ballinger watershed water balance 
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Figure 2.  Water balance as a percentage of rainfall. 
 
Figure 2 shows the Lake Ballinger water balance for both the forested and existing conditions in 
terms of the different runoff component percentages relative to the average annual rainfall 
(approximately 38 inches per year).  The unaltered forested land use condition again shows that 
groundwater was the major runoff contribution to Lake Ballinger and the total rainfall that 
became runoff was less than 45%.  The altered existing conditions show impervious surface 
runoff to dominate the inflow to Lake Ballinger and the percent of total rainfall that today 
becomes runoff has risen to over 60% of the average annual rainfall. 
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The increase in total runoff entering Lake Ballinger is 2134 acre-feet per year.  This is equal to 
approximately 700 million gallons of extra water added to Lake Ballinger during an average 
rainfall year. 
 
Stage (lake elevation) frequency values were computed for both the forested (pre-development) 
land use conditions and the existing conditions in the Lake Ballinger watershed.  The stage 
frequency analysis was based on the federal standard flood frequency methodology, Log-
Pearson Type III distribution.  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. 
 
WWHM3 accessed the maximum annual peak lake stage values in the HSPF database file, 
LBForest.WDM.  Using this information and the Log-Pearson Type III distribution, WWHM3 
computed the 2-year, 5-year, 10-year, 25-year, 50-year, and 100-year flood stage for each land 
use condition.  The stage frequency results are presented in Table 5. 
 
Table 5.  Lake Ballinger Stage Frequency Results 
Return Period Court Order Historical Forested Existing 
2 Year     278.32 279.74 
5 Year 277.8   278.86 280.38 
10 Year     279.15 280.77 
25 Year     279.47 281.22 
50 Year     279.68 281.54 
100 Year   280.0 279.87 281.84 

 
 
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 45th Avenue NE.  This culvert has a maximum flow capacity of 302 cubic feet per 
second (cfs). 
 
A similar evaluation was made of the Lyon Creek culverts in and near the Towne Center and 
Bothell Way (SR 522).  There are two Lyon Creek culverts (in parallel) that are on the Towne 
Center property that limit flood flows.  These two parallel culverts (L30) are near the entrance to 
the Towne Center from Bothell Way.  The two culverts consist of a 6-foot by 3-foot box culvert 
and a 30-inch diameter circular culvert.  The combined capacity of the two culverts is 100 cfs. 
 
Both McAleer and Lyon creeks were modeled and the flows were routed through their stream 
channel systems and culverts down to Lake Washington.  As shown in Figure 3, the peak flows 
in McAleer Creek are often higher than Lyon Creek peak flows. 
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Figure 3.  Comparison of McAleer and Lyon Creek Peak Flows  
 
The Lake Ballinger outflow (in blue) contributes to the McAleer Creek peak flows and results in 
the McAleer flows (shown in red) staying higher longer at the Lake Forest Park Towne Center 
than the Lyon Creek peak flows (green).  However, the McAleer Creek stream channel at the 
Towne Center has greater flood capacity than the Lyon Creek stream channel.  As stated 
above, the Lyon Creek stream channel has a limiting capacity of approximately 100 cfs due to 
constricting culverts on the south side of the Towne Center parking lot between the Towne 
Center and Bothell Way.   
 
The flood frequency values were computed for both McAleer and Lyon creeks at the limiting 
Towne Center culverts.  The federal standard flood frequency methodology, Log-Pearson Type 
III 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. 
 
WWHM3 accessed the maximum annual peak flow values in the HSPF database file, 
LBExist.WDM.  Using this information and the Log-Pearson Type III distribution, WWHM3 
computed the 2-year, 5-year, 10-year, 25-year, 50-year, and 100-year flood flow for each 
stream.  The maximum flow capacity of each limiting culvert was then compared with the flood 
frequency information at that location.  For example, if the maximum culvert capacity is 45 cfs, 
the 5-year flood is 36 cfs and the 10-year flood is 48 cfs, then the culvert has approximately a 
10-year flood capacity.   
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The McAleer and Lyon flood frequency results for current land use were computed using the 
procedures described above.  The 2-year, 5-year, 10-year, 25-year, 50-year, and 100-year flood 
flows for each limiting culvert on Lyon and McAleer are presented in Table 6. 
 
Table 6.  McAleer and Lyon Flood Frequency at Lake Forest Park Towne Center  

Flood Frequency 
Return Period 

(years) 

McAleer Creek at M585 
Culvert (cfs) 

Lyon Creek at L30 
Culvert (cfs) 

2 166 140 
5 205 180 

10 232 209 
25 268 247 
50 296 276 

100 325 307 
 
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. 
 
The Lyon Creek culvert near the Towne Center at L30 has a maximum capacity of 100 cfs; this 
is less than a 2-year flood event. 
 
Based on the above flood frequency analysis it appears that Lyon Creek is the primary source 
of flooding in and near the Lake Forest Park Towne Center.  The privately-owned culverts at the 
Towne Center limit the Lyon Creek flood flows.  When Lyon Creek overflows its stream channel 
it floods the Towne Center parking lot and during extreme events sends water into McAleer 
Creek to the southwest.  McAleer Creek contributes to the Towne Center flooding problems only 
during the largest flood events. 
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CLEAR CREEK SOLUTIONS, INC. 
 
15800 Village Green Drive #3            
Mill Creek, WA 98012 
425-892-6454                    
www.clearcreeksolutions.com 
 

 
DATE:  9 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 #1 Watershed Assessment 
 
 
The watershed assessment includes the update of the HSPF hydrologic model of the Lake 
Ballinger watershed.  The HSPF hydrologic model of the Lake Ballinger watershed was 
originally created for the flood study of McAleer and Lyon creeks for the City of Lake Forest 
Park (HCW-L, 1999).  It was later updated for the Lake Ballinger Lake Level and Outlet Study 
for the City of Edmonds (Clear Creek Solutions, 2008).  This later HSPF model was further 
updated for the McAleer Strategic Plan. 
 
HSPF (Hydrological Simulation Program Fortran) is a computer program developed for the U.S. 
Environmental Protection Agency to model the hydrology and hydraulics of watersheds or 
drainage areas anywhere in the United States.  HSPF contains equations that keep track of the 
amount of rainfall that is intercepted on vegetation, stored in the soil, evaporates back into the 
atmosphere, and runs off to a stream or lake.  HSPF does these calculations on a continuous 
basis using historic measured rainfall for multiple years. 
 
Precipitation, Evaporation, and Lake Level Input 
 
HSPF computes on an hourly time step all of the components of the hydrologic cycle.  Recorded 
hourly precipitation data and daily evaporation data are input to the model.  The model uses the 
recorded hourly precipitation and daily evaporation to compute the amount of water in the soil 
(soil moisture), the amount of water returned to the atmosphere (by evaporation and 
transpiration), and the amount of water that becomes runoff.   
 
Runoff is divided into three types: surface runoff, interflow, and groundwater.  Surface runoff, as 
the name implies, is the water that travels over the surface of the land to a conveyance system 
(pipe, ditch, stream, or river) or other body of water (pond, lake, or ocean).  Surface runoff 
moves relatively quickly to its destination and is usually the major source of water in a flood. 
 
Interflow is shallow, sub-surface runoff.  It moves slower than surface runoff but faster than 
groundwater.  It travels through the top layer of soil, and generally lags behind surface runoff in 
reaching a stream by only a matter of hours. 
 
Groundwater is the slowest of the three types of runoff.  Water soaks into the ground and then 
travels deep into the soil where it reaches the water table.  This water then travels slowly 
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towards a stream, arriving there days or weeks or months after it fell as rain.  Groundwater 
seeping into streams during dry periods is the only water that keeps these streams from going 
dry during periods of drought.    
 
Precipitation 
 
Precipitation drives the runoff response: no precipitation, no runoff.  Therefore it is important to 
use a precipitation record in the model that accurately reflects the precipitation that fell on the 
watershed.  In addition, this precipitation record must be long enough to allow the model to 
compute a long period of streamflow required for flood frequency analysis.  Forty to 50 years of 
computed streamflow information is preferred.  And, finally, hourly precipitation is required by 
the model.  Daily precipitation gives only the total for the day.  It does not show the distribution 
of the rainfall over the 24-hour time span of a day.  Rainfall distribution in terms of the intensity 
of rainfall has a large impact on whether the rainfall will become surface runoff, interflow, or 
groundwater, or never get to the stream or lake (because it is evaporated instead).   
 
There is an hourly precipitation gage (King County gage number 04U) near the Lake Ballinger 
watershed.  This gage is owned and operated by King County Department of Natural Resources 
Water and Land Resources Division (formerly King County Surface Water Management).  The 
precipitation gage has been in operation since October 1989. 
 
To construct a long-term (40+ years) precipitation record the National Weather Service 
precipitation gage at Everett was used.  This gage has been recording hourly precipitation since 
October 1948.  The Everett precipitation record was compared with the King County 04U record 
to see how they differ in total volumes for years in which both gages were operating.  Although 
there are some month-to-month differences, the annual volumes differ by less than 1 percent.  
Thus, the Everett record was used in the model for the years (1948 through 1989) prior to the 
establishment of the 04U gage. 
 
Evaporation 
 
Evaporation is a major factor in the hydrologic cycle.  A typical watershed in the Puget Sound 
lowlands receives 40 inches of precipitation a year.  Of this 40 inches approximately half (or 20 
inches) returns to the atmosphere as evaporation or transpiration (transpiration is the act of 
vegetation removing moisture from the soil and returning it to the atmosphere).  The other half 
becomes runoff. 
 
Evaporation is input to the model as potential evapotranspiration (or PET).  PET is the 
maximum amount of water that can be returned to the atmosphere at any one time.  Actual 
evapotranspiration is calculated in the model based on the PET demand and the amount of 
water available in the soil and on the land surface for evaporation and transpiration. 
 
PET is input to the model in the form of pan evaporation data.  This is evaporation data 
measured in a standard Class A pan.  The nearest Class A pan is located in Puyallup at the 
Washington State University Experimental Field Station.  Puyallup is approximately 30 miles 
south of Lake Ballinger, but because evaporation does not vary greatly in the Puget Sound 
lowland watersheds the distance from the study watershed is not significant. 
 
Daily pan evaporation data were used in the model.  The model divides the daily evaporation 
data into 24 hourly values to compute hourly actual evapotranspiration.  Pan evaporation data 
also must be adjusted to convert it to PET data used in the model.  A pan evaporation 
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coefficient is used to convert the pan evaporation data to PET data.  In the Puget Sound region 
this coefficient is 0.76.  
 
Lake Levels 
 
The purpose of the HSPF model is to compute simulated streamflow.  To know if the simulated 
streamflow accurately represents the streamflow that has actually occurred in the watershed it is 
important to check it against recorded streamflow or lake level data measured over a period that 
is at least a year in length.  This check or comparison is used to calibrate the model to the 
conditions observed in the watershed. 
 
Lake Ballinger water surface elevations (lake levels) were obtained from the City of Mountlake 
Terrace.  Mountlake Terrace has over ten years of lake level information, but it is not in a form 
that can be easily used.  The lake level data for the period of January 2004 through December 
2005 was used to check the model's calculations of Lake Ballinger lake level fluctuations. 
 
Land Information Input 
 
Land information plays a large role in what the precipitation does and becomes once it lands on 
something.  Rainfall on a parking lot quickly becomes runoff; rainfall on a forest does not. 
 
What controls the rainfall's fate is the land it falls on.  This can be simplified into three major 
components: soil, vegetation, and topography.  In the model the soil, vegetation, and 
topographic information are combined into different land categories.  Each land category has a 
different set of hydrologic parameter values that produces a unique runoff response to rainfall.  
Some land categories produce a lot of runoff, others little. 
 
For this study the dominate land categories are: 
 
1. TFF: till soil, forest vegetation, flat slope terrain (0-5%) 
2. TFM: till soil, forest vegetation, moderate slopes (5-15%) 
3. TFS: till soil, forest vegetation, steep slopes (>15%) 
4. TLF: till soil, grass vegetation, flat slopes (0-5%) 
5. TLM: till soil, grass vegetation, moderate slopes (5-15%) 
6. TLS: till soil, grass vegetation, steep slopes (>15%) 
7. OFF: outwash soil, forest vegetation, flat slope terrain (0-5%) 
8. OFM: outwash soil, forest vegetation, moderate slopes (5-15%) 
9. OFS: outwash soil, forest vegetation, steep slopes (>15%) 
10. OLF: outwash soil, grass vegetation, flat slopes (0-5%) 
11. OLM: outwash soil, grass vegetation, moderate slopes (5-15%) 
12. OLS: outwash soil, grass vegetation, steep slopes (>15%) 
13. IMPF: impervious land, no vegetation, flat slopes (0-5%) 
14. IMPM: impervious land, no vegetation, moderate slopes (5-15%) 
15. IMPS: impervious land, no vegetation, steep slopes (>15%) 
 
Till soils have been compacted by glacial action.  As a result, under a layer of newly formed soil 
lies a compressed soil layer commonly called "hardpan".  This hardpan has very poor infiltration 
capacity.  As a result, till soils produce a relatively large amount of surface runoff and interflow.  
A typical example of a till soil is an Alderwood soil (SCS class C). 
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Outwash soils have a high infiltration capacity due to their sand and gravel composition.  
Outwash soils have little or no surface runoff or interflow.  Instead, almost of their runoff is in the 
form of groundwater.  An Everett soil (SCS class A) is a typical outwash soil. 
 
Forest vegetation represents the typical second growth Douglas fir found in the Puget Sound 
lowlands.  Forest has a large interception storage capacity.  This means that a large amount of 
precipitation is caught in the forest canopy before reaching the ground and becoming available 
for runoff.  Precipitation intercepted in this way is later evaporated back into the atmosphere.  
Forest also has the ability to transpire moisture from the soil via its root system.  This leaves 
less water available for runoff. 
 
Lawn vegetation is representative of the suburban vegetation found in typical residential 
developments.  Soils have been compacted by earth moving equipment, often with a layer of 
top soil removed.  Sod and ornamental bushes replace native vegetation.  The interception 
storage and evapotranspiration of grass vegetation is less than forest.  More runoff results. 
 
The slope of the land or terrain affects the speed of which the surface runoff reaches the 
stream.  Steep slopes (slopes greater than 15 percent grade) speed up the surface runoff.  Flat 
slopes (zero to 5 percent) slow down the water.  Till, outwash, and impervious areas are 
separated into flat, moderate, and steep slopes. 
 
Impervious land, as the name implies, allows no infiltration of water into the pervious soil.  All 
runoff is surface runoff.  Impervious land typically consists of paved roads, sidewalks, 
driveways, and parking lots.  Building roofs are also usually impervious.  Natural impervious 
land can be found in the form of exposed surface bedrock, but this is rare in most watersheds, 
including Lyon and McAleer. 
 
For the purposes of hydrologic modeling, only effective impervious area is categorized as 
impervious.  Effective impervious area (EIA) is the area where there is no opportunity for 
surface runoff from an impervious site to infiltrate into the soil before it reaches a conveyance 
system (pipe, ditch, stream, etc.).  An example of an EIA is a shopping center parking lot where 
the water runs off the pavement and directly goes into a catch basin where it then flows into a 
pipe and eventually to a stream.  In contrast, some homes with impervious roofs collect the roof 
runoff into roof gutters and send the water down downspouts.  When the water reaches the 
base of the downspout it can be directed either into a pipe or dumped on a splash block.  Roof 
water dumped on a splash block then has the opportunity to spread out into the yard and 
infiltrate into the soil.  Such roofs are not considered to be effective impervious area.   
 
Other situations where impervious surfaces are not considered effective impervious area 
include driveways, sidewalks, and patios that slope such that the runoff drains onto grass or 
landscaped areas instead to ditches or storm sewer systems. 
 
Because it would be extremely expensive and very time consuming to look at every impervious 
surface in a watershed to determine whether or not it is an effective impervious area, an 
average value is used instead.  The average EIA value is based on the land use and previous 
experience in other Puget Sound lowland watersheds.  The following EIA percentages were 
used in the HSPF model to determine the number of impervious acres. 
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Land Use     EIA (percent) 
Forest        0 
Lawn        0 
Roofs       75 
Roads and other paved areas   85 
 
The non-effective impervious area uses the adjacent or underlying soil, vegetation, and slope 
properties.  Vegetation often varies by the type of land use.  Roofs and roads are assumed to 
have lawn as their typical pervious area vegetation.  
 
The land information was used to model two different land use scenarios: 
 
1. Existing (altered) land use conditions 
2. Forested (unaltered) land use conditions  
 
Existing (altered) land use conditions are as of 2008.  Current conditions were based on 
available GIS data and related soils and topography information.  Current land use acres 
divided by land category.  
 
Forested (unaltered) land use conditions are based on the idea of no development in the 
watershed.  The entire drainage area is assumed to be covered with an evergreen forest. 
 
The entire study area was divided in subbasins, as shown in Figure 1. 
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Figure 1.  Watershed Subbasins (prepared by Otak, modified by Golder Associates) 
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The existing land categories and their respective acreages for the Lake Ballinger subbasins, 
described below, are shown in Table 1.  The existing land categories are divided into 20% 
forest, 37% lawn, 40% impervious, and 3% lake area.  The lake area consists of Hall Lake, 
Echo Lake, and Lake Ballinger. 
 
Table 1.  Lake Ballinger Existing Land Category Areas by Subbasin 

Category Subbasin 1 
(ac) 

Subbasin 2 
(ac) 

Subbasin 3 
(ac) 

Subbasin 5 
(ac) 

Total     
(ac) 

TFF 59.26 214.44 32.27 94.61 400.57 
TFM 18.89 43.91 15.26 53.51 131.57 
TFS 0.00 4.50 0.14 0.66 5.30 
TLF 81.88 446.71 52.80 236.62 818.00 
TLM 14.50 62.64 24.49 99.38 201.01 
TLS 0.00 2.86 0.11 0.87 3.84 
OFF 7.06 74.52 0.00 26.31 107.89 
OFM 1.64 29.10 0.00 19.49 50.23 
OFS 0.00 6.54 0.00 1.53 8.07 
OLF 5.05 156.14 0.00 61.15 222.33 
OLM 1.60 26.54 0.00 37.31 65.45 
OLS 0.00 1.94 0.00 1.03 2.96 
IMPF 124.50 743.04 73.65 249.95 1191.14 
IMPM 22.87 91.74 28.31 95.54 238.45 
IMPS 0.00 2.61 0.07 0.86 3.54 
Lakes 6.40 0.00 11.10 100.10 117.60 
Total 343.65 1907.22 238.20 1078.91 3567.98 

 
The corresponding forested land category acreages are shown in Table 2. 
 
Table 2.  Lake Ballinger Forested Land Category Areas by Subbasin 

Category Subbasin 1 
(ac) 

Subbasin 2 
(ac) 

Subbasin 3 
(ac) 

Subbasin 5 
(ac) 

Total     
(ac) 

TFF 261.26 1191.51 158.71 554.21 2165.69 
TFM 53.76 170.44 68.06 232.18 524.43 
TFS 0.00 8.93 0.32 2.06 11.31 
TLF 0.00 0.00 0.00 0.00 0.00 
TLM 0.00 0.00 0.00 0.00 0.00 
TLS 0.00 0.00 0.00 0.00 0.00 
OFF 16.50 443.34 0.00 114.42 574.25 
OFM 5.75 83.49 0.00 73.05 162.28 
OFS 0.00 9.52 0.00 2.89 12.41 
OLF 0.00 0.00 0.00 0.00 0.00 
OLM 0.00 0.00 0.00 0.00 0.00 
OLS 0.00 0.00 0.00 0.00 0.00 
IMPF 0.00 0.00 0.00 0.00 0.00 
IMPM 0.00 0.00 0.00 0.00 0.00 
IMPS 0.00 0.00 0.00 0.00 0.00 
Lakes 6.40 0.00 11.10 100.10 117.60 
Total 343.65 1907.22 238.20 1078.91 3567.98 
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The existing land categories and their respective acreages for the McAleer Creek subbasins, 
described below, are shown in Table 3.  The existing land categories are divided into 27% 
forest, 40% lawn, and 33% impervious area. 
 
 
Table 3.  McAleer Creek Existing Land Category Areas by Subbasin 

Category Subbasin 4 
(ac) 

Subbasin 6 
(ac) 

Subbasin 7 
(ac) 

Subbasin 8 
(ac) 

Subbasin 9 
(ac) 

Subbasin 
10 (ac) 

Subbasin 
11 (ac) 

Subbasin 
12 (ac) 

Total       
(ac) 

TFF 10.61 8.80 4.94 0.04 1.97 0.00 0.00 0.00 26.35 
TFM 8.51 6.71 2.48 1.67 5.49 0.00 0.00 0.00 24.87 
TFS 1.34 1.65 0.00 0.01 0.57 0.00 0.00 0.00 3.57 
TLF 32.72 30.30 19.13 0.18 8.31 0.00 0.00 0.00 90.63 
TLM 19.71 11.33 6.08 4.23 12.12 0.00 0.00 0.00 53.46 
TLS 1.26 2.73 0.00 0.06 0.71 0.00 0.00 0.00 4.76 
OFF 31.92 17.92 17.09 23.82 14.98 12.01 7.54 1.24 126.52 
OFM 72.02 18.42 18.06 38.42 28.04 21.34 7.29 0.13 203.72 
OFS 46.97 5.43 2.16 2.61 1.14 7.01 0.15 0.00 65.47 
OLF 31.41 41.82 44.73 34.32 41.55 19.72 15.00 10.89 239.44 
OLM 69.29 20.67 36.50 41.19 35.14 23.02 17.25 1.45 244.51 
OLS 22.91 4.22 2.73 1.94 0.62 4.36 0.25 0.00 37.01 
IMPF 53.53 63.13 68.42 35.06 45.88 14.67 11.28 11.76 303.72 
IMPM 68.98 21.39 23.45 36.87 49.39 17.59 14.23 1.56 233.46 
IMPS 15.38 3.81 0.85 1.06 1.64 2.17 0.14 0.00 25.05 
Total 486.56 258.33 246.63 221.45 247.53 121.89 73.13 27.02 1682.54 

 
The corresponding forested land category acreages are shown in Table 4. 
  
Table 4.  McAleer Creek Forested Land Category Areas by Subbasin 

Category Subbasin 4 
(ac) 

Subbasin 6 
(ac) 

Subbasin 7 
(ac) 

Subbasin 8 
(ac) 

Subbasin 9 
(ac) 

Subbasin 
10 (ac) 

Subbasin 
11 (ac) 

Subbasin 
12 (ac) 

Total       
(ac) 

TFF 72.84 71.63 40.71 0.38 22.10 0.00 0.00 0.00 207.67 
TFM 46.72 26.28 12.44 8.62 29.82 0.00 0.00 0.00 123.89 
TFS 4.42 5.87 0.00 0.12 2.24 0.00 0.00 0.00 12.65 
TLF 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
TLM 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
TLS 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
OFF 87.34 90.31 113.61 93.02 90.58 46.40 33.82 23.88 578.96 
OFM 191.78 52.19 74.13 113.75 100.34 61.95 38.78 3.14 636.07 
OFS 83.44 12.05 5.74 5.56 2.45 13.54 0.53 0.00 123.30 
OLF 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
OLM 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
OLS 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
IMPF 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
IMPM 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
IMPS 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Total 486.56 258.33 246.63 221.45 247.53 121.89 73.13 27.02 1682.54 
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The existing land categories and their respective acreages for the Lyon Creek subbasins, 
described below, are shown in Table 5.  The existing land categories are divided into 24% 
forest, 37% lawn, and 39% impervious area. 
 
Table 5.  Lyon Creek Existing Land Category Areas by Subbasin 

Category Subbasin 
13 (ac) 

Subbasin 
14 (ac) 

Subbasin 
15 (ac) 

Subbasin 
16 (ac) 

Subbasin 
17 (ac) 

Subbasin 
18 (ac) 

Subbasin 
19 (ac) 

Total       
(ac) 

TFF 106.48 27.68 1.33 0.53 3.38 2.34 0.00 141.75 
TFM 66.26 9.94 15.67 2.68 13.72 12.98 0.47 121.73 
TFS 6.99 2.84 0.24 0.00 0.53 2.39 0.01 13.01 
TLF 243.08 88.66 2.29 0.33 3.91 6.97 0.15 345.41 
TLM 55.47 17.78 25.62 1.58 17.94 27.62 1.28 147.30 
TLS 3.88 2.54 0.61 0.00 0.42 3.98 0.11 11.54 
OFF 28.68 42.48 28.13 23.85 9.63 5.94 2.18 140.90 
OFM 26.29 61.46 11.77 11.31 30.31 16.13 0.11 157.38 
OFS 2.77 17.17 1.67 0.21 8.90 3.28 0.00 33.99 
OLF 10.60 108.14 45.87 36.63 18.86 23.47 10.61 254.19 
OLM 10.25 89.94 15.28 18.57 31.26 18.36 0.43 184.09 
OLS 0.66 9.99 2.76 0.29 6.42 2.80 0.00 22.93 
IMPF 393.02 214.47 47.45 28.94 13.28 33.23 12.80 743.18 
IMPM 74.08 78.46 27.44 12.65 27.62 23.84 2.26 246.34 
IMPS 3.03 2.92 2.03 0.12 2.78 3.01 0.18 14.07 
Total 1031.54 774.48 228.18 137.71 188.95 186.33 30.61 2577.80 

 
The corresponding forested land category acreages are shown in Table 6. 
 
Table 6.  Lyon Creek Forested Land Category Areas by Subbasin 

Category Subbasin 
13 (ac) 

Subbasin 
14 (ac) 

Subbasin 
15 (ac) 

Subbasin 
16 (ac) 

Subbasin 
17 (ac) 

Subbasin 
18 (ac) 

Subbasin 
19 (ac) 

Total       
(ac) 

TFF 731.95 226.56 5.58 1.15 10.67 15.18 0.50 991.59 
TFM 185.54 43.24 58.33 5.13 43.63 55.47 3.40 394.75 
TFS 13.47 6.76 1.16 0.00 1.10 8.22 0.30 31.02 
TLF 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
TLM 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
TLS 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
OFF 49.91 254.87 119.50 89.14 38.38 56.78 25.26 633.84 
OFM 46.81 214.33 37.45 41.66 77.22 43.46 1.16 462.09 
OFS 3.86 28.70 6.15 0.63 17.95 7.23 0.00 64.52 
OLF 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
OLM 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
OLS 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
IMPF 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
IMPM 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
IMPS 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Total 1031.54 774.48 228.18 137.71 188.95 186.33 30.61 2577.80 
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Stream Channel Information Input 
 
Stream channel system information is required to model the flow of the water down through 
McAleer Creek and Lyon Creek to Lake Washington.  The speed at which water moves through 
the stream channel network depends on the size and shape of the stream channels and 
adjacent floodplain, the slope of the channels, the roughness of the channels and floodplain 
surfaces, and the size and location of obstructions in the channel network. 
 
McAleer Creek and Lyon Creek and their tributaries are typical small suburban streams.  
Development near or in the stream channel has resulted in alterations to the channel and 
floodplain.  Channels have been constricted and the floodplain filled in in many locations.  
Natural vegetation has been removed and replaced with riprap or ornamental shrubbery.  
Where roads cross the creeks culverts have been installed to convey the flow under the road 
surface.  Often these culverts are undersized for large flood events and cause flood waters to 
backup behind them.  This causes localized flooding of neighboring properties and possible 
overtopping of public roads.  Roadway flooding from swollen streams is a public safety issue 
and every attempt should be made to keep the roads from overtopping. 
 
The original 1999 study identified a total of major 96 culverts in the two watersheds: 67 in the 
Lyon Creek watershed, and 29 in the McAleer Creek watershed downstream of Lake Ballinger.  
In that original study each culvert was surveyed.  Information was collected to be used in the 
HSPF model and to separately calculate each culvert's maximum flow capacity prior to road 
overtopping.  Specific information gathered on each culvert included culvert type, size and 
shape of opening, invert and outlet elevations, length, and road overtopping elevation.  Culvert 
capacity was calculated using the U.S. Federal Highway Administration HY8 hydraulics 
program. 
 
The 1999 study culvert and stream channel cross section information was used to compute the 
stage-storage-discharge table (FTABLE) for each culvert.  The FTABLE information was used 
by the model to route flows down McAleer and Lyon and their major tributaries to Lake 
Washington.  McAleer Creek starts as the outlet channel from Lake Ballinger. 
 
As stated in the 2008 Lake Ballinger Lake Level and Outlet Study, outflow from Lake Ballinger is 
controlled by a number of factors.  Low flows result from lake water exiting through a 
hypolimnetic pipeline plus flow over the outlet weir. 
 
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. 
 
Higher flows out of the lake submerge the weir and are controlled by culverts between the outlet 
weir and Interstate 5 and the culvert under I-5.   
 
According to Washington State Department of Transportation (WSDOT) records obtained by the 
City of Mountlake Terrace, the I-5 culvert has a diameter of 60 inches (5 feet) and a length of 
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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 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. 
 
The routing of flow down McAleer Creek and Lyon Creek was accomplished by first computing 
the runoff each hour from the tributary land areas.  These areas were divided into subbasins.  
Each subbasin represents the drainage area to a specified location on the stream.  A variety of 
land categories and associated acreages are found in a single subbasin. 
 
The McAleer Creek drainage area was divided into eight subbasins: 
 
1. McAleer 12 - Bothell Way to the mouth of McAleer Creek at Lake Washington 
2. McAleer 11 - NE 178th Street to Bothell Way 
3. McAleer 4 - Brookside and Hillside tributaries west of Towne Center 
4. McAleer 10 - NE 180th Street to NE 178th Street 
5. McAleer 9 - NE Perkins Way to NE 180th Street 
6. McAleer 8 - 15th Avenue NE to NE Perkins Way 
7. McAleer 7 - NE 205th Street to 15th Avenue NE 
8. McAleer 6 - outlet of Lake Ballinger to NE 205th Street east of I-5 
 
The McAleer Creek drainage area is 1683 acres, excluding Lake Ballinger and its associated 
drainage. 
 
The Lyon Creek watershed was divided into the following seven subbasins: 
 
1. Lyon 19 - Bothell Way to the mouth of Lyon Creek at Lake Washington 
2. Lyon 18 - NE 178th Street to Bothell Way including Towne Center shopping center 
3. Lyon 17 - 40th Avenue NE to NE 178th Street 
4. Lyon 16 - Ballinger Way NE to 40th Avenue NE 
5. Lyon 15 - NE 195th Street to Ballinger Way NE 
6. Lyon 14 - 236th Street SW to NE 195th Street 
7. Lyon 13 - tributary area upstream of Cedar Way and 236th Street SW 
 
The entire Lyon Creek drainage area is 2578 acres. 
 
Model Update 
 
The Lake Ballinger model was updated with the new GIS land use data, described above, and 
the simulated lake levels were compared with the observed (measured) lake stages (elevations) 
for the two-year calibration period of January 2004 through December 2005 (Figure 2).  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.   
 
As noted above, the City of Mountlake Terrace maintains the outlet weir at four different 
elevations throughout the year using the following schedule: 
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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. 
 
 
 

 
Figure 2.  Lake Ballinger simulated and observed lake levels (Jan 2004 – Dec 2005) 
 
This updated model was used in the surface water flow analysis and formulation of mitigation 
strategies.  
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