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EXECUTIVE SUMMARY

The purpose of this plan is to provide a comprehensive stormwater plan for the City of
Bellingham, Washington, and more specifically, for the portions of the Whatcom Creek,
Silver Beach, Padden Creek, Chuckanut Creek, Squalicum Creek, and Silver Creek
watersheds inside the City of Bellingham.

The purpose of this plan is also to address requirements and regulatory issues that create
the need to plan and tackle difficult stormwater issues. These requirements and issues are
included in the NPDES Phase II municipal stormwater permit, Endangered Species Act
regulations, Puget Sound Plan recommendations, and City of Bellingham regulations.

This stormwater plan provides input to all of the above-described programs, plans, and
regulations as they relate to stormwater requirements and regulatory issues. However,
this plan does not have the scope or mandate to specifically identify item-by-item
compliance measures for individual programs, plans, and regulations. Rather, this plan
and accompanying stormwater modeling software provide a tool for the City of
Bellingham to show how the city is addressing its stormwater and pollutant control
obligations, as required by local, state, and federal law.

The goals and objectives of the Comprehensive Stormwater Plan include:

Analysis of existing stormwater facilities and aquatic resources,
Identification of existing stormwater problems,

Analysis of alternative stormwater solutions,

Documentation of the stormwater plan for implementation by city staff, and
Providing the city staff a tool to address stormwater and pollutant control
obligations, as required by local, state, and federal law.

The watershed study areas exhibit a variety of storm and surface water characteristics.
Drainage features include wetlands, streams, ponds, open channels, culverts, and pipe
systems. The City’s land use varies from forest and agriculture to residential,
commercial, and industrial.

Stormwater solutions include both structural and non-structural solutions. The solutions
focus on providing practical and environmentally sensitive solutions to allow responsible
land use development and yet maintain valuable aquatic resources.

This comprehensive stormwater plan is an update of the 1995 Watershed Master Plan
developed for the City of Bellingham by HDR Engineering, Inc. Where possible,
information from the 1995 plan has been incorporated in this comprehensive stormwater
plan.

The hydrologic and hydraulic computer modeling work done as part of this stormwater

plan meets Ecology’s definition of basin planning and satisfies the requirements of the
NPDES Phase II permit alternative approach to Ecology’s Minimum Requirement #7.
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The stormwater computer model provided to the City of Bellingham by Clear Creek
Solutions also allows city staff to refine and update the city’s land use and infrastructure
information, as needed, to investigate and correct stormwater problems throughout the
city.

The hydrologic and hydraulic modeling for the City of Bellingham Comprehensive
Stormwater Plan 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. Stormwater runoff routing is computed using HSPF for open channel
conveyance systems and PCSWMM for stormwater pipe conveyance systems. City of
Bellingham GIS stormwater conveyance system data were used to model the stormwater
pipe systems.

The 1995 HDR stormwater calculations were made using Waterworks software.
Conveyance system data from the Waterworks models were used in WWHM3 where
City GIS conveyance system data did not exist.

The stormwater drainage analysis was conducted using the Stormwater Management
Model (SWMM) module of the WWHM3 software. The hydrology for each basin was
established as described earlier in the computer model methodology section. After the
basin hydrology was analyzed, a conveyance system was developed for the SWMM
module. Conveyance system data were drawn from various sources and are described in
more detail in the following basin-specific sections.

Generally, after the conveyance network was developed and model calibration parameter
values were established, an initial model analysis was performed to identify surcharging
pipes and culverts throughout the network. SWMM’s automatic pipe resizing routine
was then used to increase the pipe diameter in the vicinity of the surcharging pipes
identified during the initial model analysis. This routine provides required conveyance
capacity through the system by increasing the capacity of all pipes that would be affected
by an increase in downstream flow resulting from improved upstream conveyance
capacity. The resizing routine uses an iterative process, incrementally increasing
conveyance sizes, until flow is conveyed without surcharging. This routine solves the
problem of resizing a single pipe only to shift a flooding problem downstream. The
model-identified problems (i.e., surcharging pipes) and potential solutions (increased pipe
diameters) are summarized for each basin.

The automatic pipe resizing routine also includes conveyance capacities of open
channels. To use this routine for an open channel, the SWMM module first converts the
open channel to an equivalent capacity pipe diameter. Locations of open channels are
shown on the basin maps.

v



City of Bellingham Comprehensive Stormwater Plan

Cost opinions for capital improvement projects have been prepared for the Whatcom
Creek Basin. As discussed in the computer model methodology section, GIS data were
most readily available for the Whatcom Creek Basin, but not available for much of the
drainage area outside of that basin. Therefore, model results identifying system
deficiencies are more reliable for the Whatcom Creek Basin than for the other basins.
However, even within the Whatcom Creek Basin, GIS data were not available for
portions of the existing conveyance system and had to be interpolated as discussed earlier
in this report. With the available conveyance system data, model results in other basins
are considered conceptual and intended for planning-level decision-making only. These
results for the other basins are not considered detailed enough to generate reliable cost
opinions at this time. Cost opinions for capital improvement projects in these other
basins can be prepared in the future as additional system data are acquired and the model
is updated.

The City of Bellingham will be using the conveyance system sizing information
presented in this plan to identify specific projects for in-depth study prior to design and
construction.
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INTRODUCTION

Purpose and Authority

The purpose of this plan is to provide a comprehensive stormwater plan for the City of
Bellingham, Washington, and more specifically, for the portions of the Whatcom Creek,
Silver Beach, Padden Creek, Chuckanut Creek, Squalicum Creek, and Silver Creek
watersheds inside the City of Bellingham.

The purpose of this plan is also to address requirements and regulatory issues that create
the need to plan and tackle difficult stormwater issues. These requirements and issues are
included in the NPDES Phase II municipal stormwater permit, Endangered Species Act
regulations, Puget Sound Plan recommendations, and City of Bellingham regulations.

NPDES Phase Il

The Department of Ecology has issued NPDES Phase II municipal stormwater permits
that affect 98 cities and 12 counties, including the City of Bellingham. The National
Pollutant Discharge Elimination System (NPDES) permitting program was developed to
achieve the goals of the federal Clean Water Act. The requirements of the NPDES Phase
II municipal stormwater permit include public involvement and education, adoption of
ordinances to control runoff from new development, illicit discharge detection and
elimination, and the development of an operation and maintenance program to reduce
pollutant runoff from municipal operations.

The Phase II permit includes rules for mitigation of the impacts of additional runoff from
new development (Minimum Requirement #7: Flow Control). For the purposes of flow
control new development is defined as:

e Creates or adds 10,000 square feet, or more, of new impervious surface area, or

e Converts % acres, or more, of native vegetation to lawn or landscaped areas, or

e Converts 2.5 acres, or more, of native vegetation to pasture, or

e Increases 100-year flood frequency by 0.1 cubic feet per second, or more.

The standard flow control requirement requires that stormwater discharges from new
development match the pre-developed discharge durations for the range of pre-
developed discharge rates from 50% of the 2-year peak flow up to the full 50-year peak
flow. Flow control mitigation facilities (for example, a stormwater pond) shall be
selected, designed, and maintained in accordance with Volume III of the Stormwater
Management Manual for Western Washington (2005) or an approved equivalent.

Basin or watershed planning may be used by a municipality to tailor Minimum
Requirement #7 (and other minimum requirements) to local hydrologic conditions to
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improve stormwater management efficiency. Basin planning can also be used to support
alternative treatment, flow control, and/or wetland protection requirements through the
construction and use of regional stormwater facilities.

Basin planning also provides a mechanism by which the minimum requirements and
implementing best management practices (BMPs) can be evaluated and refined based on
an analysis of a basin or watershed. Basin plans may be used to develop control
strategies to address impacts from future development and to correct specific problems
whose sources are known or suspected. Basin planning requires the use of computer
models and field work to verify and support the models.

The hydrologic and hydraulic computer modeling work done as part of this stormwater
plan meets Ecology’s definition of basin planning and satisfies the requirements of the
NPDES Phase II permit alternative approach to Ecology’s Minimum Requirement #7.
The stormwater computer model provided to the City of Bellingham by Clear Creek
Solutions also allows city staff to refine and update the city’s land use and infrastructure
information, as needed, to investigate and correct stormwater problems throughout the
city.

Endangered Species Act

The purpose of the federal Endangered Species Act (ESA) is to provide a means whereby
the ecosystems upon which endangered species and threatened species depend may be
conserved, to provide a program for the conservation of such endangered species and
threatened species.

One of the policies of the ESA is the adoption of Habitat Conservation Plans (HCPs). A
HCP identifies an endangered species and how the species’ habitat will be managed to
minimize incidental takings. The U.S. Fish and Wildlife Service and NOAA Fisheries
Service maintain the ESA listing. In Washington state Chinook salmon are considered
threatened in the Puget Sound drainages.

Stormwater impacts salmon habitat by increasing flood flows and stream channel erosion
and by adding pollutants to both local streams and Puget Sound. Development of this
stormwater plan will assist the City of Bellingham in the evaluation of stormwater
impacts on critical fish habitat and the development of Habitat Conservation Plans to
minimize the impacts.

Puget Sound Plan

The Puget Sound Plan is a conservation and recovery plan developed by the Governor’s
Puget Sound Action Team. The Puget Sound Plan focuses on maintaining and enhancing
the ecology of Puget Sound. Polluted stormwater runoff is one of the significant
problems that has been identified as adversely affecting the ecology of the Sound. One of
the seven major priorities listed in the 2005-2007 plan is reducing the harm of stormwater
runoff.
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Improving stormwater management is one of the three major tasks to reducing
stormwater runoff pollution. The Department of Ecology is coordinating this effort
through the issuance of NPDES Phase II permits and specifying actions to reduce
stormwater pollution, including erosion control.

Applying low impact development (LID) practices is also being encouraged by the Puget
Sound Plan. LID practices are techniques to control or reduce stormwater runoft at the
source. Examples of different LID practices include rain gardens, bioretention, green
roofs, and porous pavement. All of these practices/facilities can be modeled in WWHM3
(Western Washington Hydrology Model version 3) to evaluate their effectiveness in
reducing stormwater runoff.

Informing and educating the public is the third major task identified by the Puget Sound
Action Team to reduce stormwater runoff harm. This involves showing the public and
the business community how individual practices and activities can have an adverse
impact on stormwater water quality and the ecology of Puget Sound.

City of Bellingham Regulations

The City of Bellingham has enacted a number of regulations and code requirements to
protect the city’s aquatic resources. Development and design standards provide rules and
guidance in the form of the Critical Areas Ordinance, Land Use Development Code
(BMC Title 20), Public Works Development Guidelines and Improvement Standards,
Shoreline Management Master Program, and the City Comprehensive Plan and the Growth
Management Act (RCW 36.70A).

The purpose of the Critical Areas Ordinance (CAQO) is to designate and classify
environmentally sensitive and hazardous areas as Critical Areas and to protect, maintain
and restore these areas and their functions and values, while also allowing for reasonable
use of public and private property. One of the goals of the CAO is to prevent cumulative
adverse environmental impacts to water quality, wetlands, and fish and wildlife habitat,
and the overall net loss of wetlands, frequently flooded areas, and habitat conservation
areas. This is done by identifying Critical Areas and establishing appropriate buffers to
protect these areas.

The Land Use Development Code (BMC Title 20) identifies zoning regulations for 23
specific neighborhoods in the City of Bellingham. Each area within a neighborhood is
assigned a specific zoning together with special conditions, prerequisite considerations,
and special regulations. These special conditions, prerequisite considerations, and special
regulations include identified stormwater issues and problems and mandate the use of
specific mitigation measures to correct or prevent stormwater and water quality problems.

The Shoreline Management Master Program includes the goal of shoreline protection.
Specific shoreline protection policies focus on flood protection through the use of
floodplain management. This is done through the use of flood protection and streamway
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modifications. These are activities occurring within the streamway and upland areas
which are designed to reduce overbank flow of high waters and stabilize eroding stream
banks. It is recognized that improper flood control upstream results in increased flood
damage downstream. Floodplain management as a means of flood control has advantages
of maintaining the natural characteristics of the shoreline while protecting adjacent
property without amplifying potential flood damage downstream. Regulations used to
protect the floodplain include the prohibition of construction of incompatible structures
and fills and the use of bank stabilization for the purposes of protecting property from
erosion.

The 1995 Bellingham Comprehensive Plan, including subsequent amendments, was
adopted by the City of Bellingham as a guide to the growth and improvement of the city.
As such it locally implements the state’s Growth Management Act (RCW 36.70A). The
Growth Management Act mandates the inclusion of a land use element designating the
proposed general distribution and general location and extent of the uses of land, where
appropriate, for agriculture, timber production, housing, commerce, industry, recreation,
open spaces, general aviation airports, public utilities, public facilities, and other land
uses. The land use element shall include population densities, building intensities, and
estimates of future population growth. The land use element shall provide for protection
of the quality and quantity of groundwater used for public water supplies. Where
applicable, the land use element shall review drainage, flooding, and stormwater runoff in
the area and nearby jurisdictions and provide guidance for corrective actions to mitigate
or cleanse those discharges that pollute waters of the state, including Puget Sound or
waters entering Puget Sound.

The City of Bellingham’s requirements for stormwater management are currently
contained in Bellingham Municipal Code Sections 15.16, 15.40 and 15.42. These
regulations largely emulated the 2005 Stormwater Management Manual for Western
Washington from Ecology. There are some differences between the City code and the
Ecology manual. The major differences are:

e The City requires replaced impervious surfaces to always be considered in the
determination of BMP thresholds and for those surfaces to be mitigated.

e The City allows replaced impervious surfaces that meet redevelopment criteria to
be considered as 50% forested and 50% in the existing condition as of September
1995.

e The City has allowed the use of the Santa Barbara Urban Hydrograph until such
time as the WHMM3 model for Bellingham has been calibrated for use. This
applies only to those sites or projects that are disturb less than one acre. Phased
or related projects are considered together for this threshold.

The Public Works Development Guidelines and Improvement Standards include
standard plans for controlling drainage and stormwater runoff. These plans are provided
for the design of catch basin, storm drainage, and pipe conveyance systems.
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This stormwater plan provides input to all of the above-described programs, plans, and
regulations as they relate to stormwater requirements and regulatory issues. However,
this plan does not have the scope nor budget to specifically identify item-by-item
compliance measures for individual programs, plans, and regulations. Rather, this plan
and accompanying stormwater modeling software provide a tool for the City of
Bellingham to show how the City is addressing its stormwater and pollutant control
obligations, as required by local, state, and federal law.

Acting under Chapter 90 RCW, the City of Bellingham authorized Clear Creek Solutions,
Inc., to prepare this plan in an agreement dated July 6, 2005.

Goals and Objectives

The goals and objectives of this Comprehensive Stormwater Plan include:

Analysis of existing stormwater facilities and aquatic resources,
Identification of existing stormwater problems,

Analysis of alternative stormwater solutions,

Documentation of the stormwater plan for implementation by city staff, and
Providing the city staff a tool to address stormwater and pollutant control
obligations, as required by local, state, and federal law.

Report Overview

The watershed study areas exhibit a variety of storm and surface water characteristics.
Drainage features include wetlands, streams, ponds, open channels, culverts, and pipe
systems. The City’s land use varies from forest and agriculture to residential,
commercial, and industrial.

Stormwater solutions include both structural and non-structural solutions. The solutions
focus on providing practical and environmentally sensitive solutions to allow responsible
land use development and yet maintain valuable aquatic resources.

This comprehensive stormwater plan is an update of the 1995 Watershed Master Plan
developed for the City of Bellingham by HDR Engineering, Inc. The 1995 plan included
information on stream assessments, wetlands, pollutant loadings, and stormwater flows
and problem areas. The stream assessments, wetlands, and pollutant loading elements of
the 1995 plan are still valid and should be consulted for information. For continuity,
summaries of these elements from the 1995 plan have been incorporated in this
stormwater plan, where possible. In addition, the original 1995 plan is included as a
reference document in Appendix C of this 2007 plan.

The stormwater flows and problem areas information has been updated based on new
hydrology modeling methodology required by the Department of Ecology. The 1995
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plan used single-event hydrologic modeling methodology. This methodology has found
to be inappropriate for stormwater modeling. This 2007 plan uses continuous simulation
hydrologic modeling. Continuous simulation hydrologic modeling is described in more
detail in the following section.
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Methodology

The hydrologic and hydraulic modeling for the City of Bellingham Comprehensive
Stormwater Plan 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 1995 HDR stormwater calculations were made using single-event Waterworks
hydrology software. The single-event hydrology modeling results are no longer
considered useful due to inappropriate assumptions required for single-event modeling
and the inability of single-event modeling to do flow duration analyses.

The advantages of continuous simulation modeling over single-event modeling are:

1. Continuous simulation modeling does not need to make inappropriate
assumptions about the rainfall-runoff relationship. Single-event modeling
assumes that the 25-year storm causes the 25-year flood. This is often not true.
Depending on antecedent soil moisture conditions, a 25-year storm may cause a
larger or smaller flood. Continuous simulation modeling does not need to make
this assumption. 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 flows from
summer low flows to winter floods for multiple years of record. This range of
flows can be used to perform flow duration analyses. Flow duration (percent of
time that a flow is exceeded) is used to determine whether or not the number of
hours of erosive flows is increased as land use changes. The Department of
Ecology has determined that the erosive flow range is from 50% of the 2-year
peak flow to the full 50-year and requires the use of this flow duration range in
the NPDES Phase Il permits. Continuous simulation modeling provides the full
range of simulated flows required for flow duration analysis; single-event
modeling, by its very nature, cannot be used to do flow duration analyses and will
not meet NPDES Phase II permit requirements.

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.

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
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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, and water quality (water quality was not modeled in Bellingham). HSPF can
simulate one or many pervious or impervious unit areas discharging to one or many river
reaches or reservoirs. 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 landuse change, reservoir 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.

As discussed later in the plan, 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. Two of the City of Bellingham’s watersheds, Silver
Beach Creek and Whatcom Creek, were calibrated to determine appropriate HSPF
parameter values that best represented the hydrology of the city’s watersheds. The
calibration and results are discussed in the Model Development section of this plan.

Stormwater runoff routing is computed using HSPF for open channel conveyance
systems and PCSWMM for stormwater pipe conveyance systems. City of Bellingham
GIS stormwater conveyance system data were used to model the stormwater pipe
systems. Conveyance system data from the 1995 Waterworks models were used in
WWHM3 where City GIS conveyance system data did not exist.

The finished stormwater modeling software provided to the City of Bellingham gives the
city staff the full range of tools to use the model to do basin planning now and in the
future. The model can be used by city staff to evaluate proposed landuse developments
and mitigation measures within the city’s watersheds, determine the effectiveness of
upgrading the city’s stormwater conveyance system, and simulate how changes in the
city’s urban growth area limits will impact stormwater flows in the city’s streams.

To take advantage of these modeling options the city also needs to invest appropriate
resources to maintain and update the model. These resources consist of city staff
training, additional calibrations, and the filling of GIS data gaps.

The city staff was trained in the use of the WWHM3 modeling software in May 2007.
This model training provided the city staff with the basics for running the WWHM3
modeling software, but annual training review and updates are needed to ensure optimal
use of the model by city staff.

The future availability of additional observed streamflow data in the city’s creeks will
provide the necessary information to calibrate the model’s HSPF parameters to the
individual hydrologic characteristics of the city’s watersheds. Currently there are only
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sufficient observed streamflow data to perform calibrations for Silver Beach Creek and
Whatcom Creek. Ideally, in time, two or more years of observed streamflow data will be
available for use in the HSPF calibration of Silver, Squalicum, Baker, Padden, and
Chuckanut Creek. This will assist in the refinement and updating of the model.

It will also be important to fill in GIS data gaps. These data gaps are mostly in the form
of missing or incomplete conveyance system data. Missing data often meant that
stormwater pipe network data were missing one or more invert elevation, manhole cover
elevation, pipe length, or culvert material. Open channel data were rarely available from
the GIS data. These conveyance system data gaps limited the availability of the model to
identify stormwater conveyance capacity limitations and other related problem areas. As
discussed in the following sections, the conveyance system data gaps prevented
identification of stormwater problems and solutions for most of Silver, Squalicum, Baker,
Padden, and Chuckanut Creek.



City of Bellingham Comprehensive Stormwater Plan December 2007

Recommendations

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

1.

Extend City Staff Training: Providle WWHM3 modeling software training,
review, and updates to city staff on an annual basis to ensure optimal use of the
model by city staff.

Continue City Stream Gaging: Initiate and/or continue to collect observed
streamflow data from the city streams, in particular, Silver, Squalicum, Baker,
Padden, and Chuckanut Creek. Collect a minimum of two years of streamflow
data for each stream.

Complete City GIS Conveyance System Data: Fill in missing or incomplete GIS
conveyance system data. This includes invert elevations, manhole cover
elevations, pipe lengths, culvert material, and open channel data. Missing GIS
data are a problem in all of the city’s watersheds and in particular for Silver,
Squalicum, Baker, Padden, and Chuckanut Creek.

Extend Model Calibration: Calibrate the HSPF hydrologic parameter values for
Silver, Squalicum, Baker, Padden, and Chuckanut Creek. The model calibrations
will provide input to the city’s basin planning efforts.

Extend City GIS Impervious Coverage: Extend the impervious coverage to all
impervious areas including driveways, sidewalks, and other miscellaneous
impervious surface within the city’s major watersheds.

Model the Entire Whatcom Lake Drainage: Extend the Whatcom Creek model to
include Whatcom Lake and the entire lake drainage. This will involve collecting
land use, soil, and vegetation data on the entire area that drains into the lake and
adding to the model long-term precipitation records for the lake drainage.
Additional information needed to model the lake and its outlet is the city’s
seasonal management of the flows out of the lake. This seasonally changing
stage-discharge relationship will also have to added to the combined Whatcom
Lake-Whatcom Creek model. It will then be possible to continuously model the
lake discharge and Whatcom Creek flows for a 40 to 50-year time period. And,
with a 40 to 50-year Whatcom Creek simulated streamflow record, the 2-year
frequency flow can be calculated and the 50% value compared with the field
erosive flow analysis.

Use Conveyance System Sizing Information: Use the conveyance system sizing

information presented in this plan to identify specific projects for in-depth study
prior to design and construction.
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STUDY AREAS

General

The City of Bellingham is located in Whatcom County. Whatcom County lies between
the Georgia Strait to the west, the crest of the Cascades to the east, British Columbia to
the north, and Skagit County to the south. The study areas include portions of six
watersheds that flow through the City of Bellingham. These watersheds include
Whatcom Creek, Silver Beach, Padden Creek, Chuckanut Creek, Squalicum Creek, and
Silver Creek.

The study areas within each watershed were selected because of known and/or suspected
stormwater problems. City of Bellingham GIS stormwater conveyance system data and
land use data were used to model the study areas and identify stormwater problems. Data
from the 1995 HDR study were used for the portions of the study areas where City GIS
stormwater conveyance system data were missing.

Watershed Locations

Figure 1 shows the location of each watershed and the study area limits.

| BELLINGHAM BAY
|| CHUCKANUT BAY !
| CHUCKANUT CREEK 4 PR o
|| LAKE WHATCOM s /\\__,_/""ﬁﬂ-:’? =]
|| LITTLE SQUALICUM CREEK - 5
|| PADDEN CREEK "
|| SILVER CREEK
|| SQUALICUM CREEK

| WHATCOM CREEK l

> 4 ] L 4
Watershed Wl X _,

Figure 1. City of Bellingham Watersheds
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From north to south the city’s watersheds are Silver Creek, Squalicum Creek (including
Baker Creek), Silver Beach Creek, Whatcom Creek (including Hannah, Fever, Cemetery,
and Lincoln creeks), Padden Creek (including Connelly Creek), and Chuckanut Creek.
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Figure 2. Silver Creek Drainages

The Silver Creek watershed is in the northwest corner of the City of Bellingham (Figure
2). It drains to unincorporated Whatcom County to the northwest. The study area is
limited to the portion of Silver Creek within the city limits.

The highest and lowest elevations in the Silver Creek drainages are 370 feet and sea

level, respectively. 7% of the Silver Creek watershed is inside the city limits; an
additional 22% is in the UGA (Urban Growth Area).

13
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Figure 3. Squalicum and Baker Creek Drainages

The Squalicum Creek watershed is located north of downtown Bellingham and the
Whatcom Creek drainage (Figure 3). The study area includes Baker Creek, Spring
Creek, and the main stem of Squalicum Creek below the confluence with Baker Creek.

The highest and lowest elevations in the Squalicum and Baker Creek drainages are 1540
feet and sea level, respectively. 25% of the Squalicum Creek watershed is inside the city
limits; an additional 9% is in the UGA (Urban Growth Area).

The Silver Beach Creek watershed area is located at the northern end of Lake Whatcom
and drains down to the lake. The study area is just to the east of Whatcom’s Fever Creek
tributary area (see Figure 4).

The highest and lowest elevations in the Silver Beach Creek drainage are 1540 feet and
307 feet, respectively. 3% of the Silver Beach Creek watershed is inside the city limits;
an additional 44% is in the UGA (Urban Growth Area).

The Whatcom Creek watershed extends from Lake Whatcom westward to Bellingham

Bay. It includes most of downtown Bellingham and associated industrial and residential
drainage basins draining to Whatcom Creek. Whatcom Creek’s four major drainage

14



City of Bellingham Comprehensive Stormwater Plan December 2007

basins are Fever Creek on the north side of Whatcom Creek and Hannah Creek,
Cemetery Creek, and Lincoln Creek, all on the south side (see Figure 4).
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Figure 4. Whatcom and Silver Beach Creek Drainages
The highest and lowest elevations in the Whatcom Creek drainages are 1365 feet and sea

level, respectively. 78% of the Whatcom Creek watershed is inside the city limits; an
additional 11% is in the UGA (Urban Growth Area).
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Figure 5. Padden Creek Drainages

The Padden Creek watershed includes both the Lake Padden drainage and the
downstream Padden Creek and its major tributary, Connelly Creek (Figure 5). The
Padden Creek watershed is immediately south of the Whatcom Creek watershed. Much
of the Lake Padden drainage area is outside of the city limits. Padden Creek drains from
Lake Padden to Bellingham Bay. Connelly Creek drains the area northwest of Lake
Padden before joining Padden Creek.

The highest and lowest elevations in the Padden Creek drainages are 1780 feet and sea

level, respectively. 81% of the Padden Creek watershed is inside the city limits; an
additional 13% is in the UGA (Urban Growth Area).
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Figure 6. Chuckanut Creek Drainages

The Chuckanut Creek watershed (Figure 6) is south and east of Lake Padden and Padden
Creek. The study area, within the city limits, extends westward towards Chuckanut Bay.

The highest and lowest elevations in the Chuckanut Creek drainages are 1780 feet and
sea level, respectively. 18% of the Chuckanut Creek watershed is inside the city limits;
there is no additional area in the UGA (Urban Growth Area).

Climate

The climate of the City of Bellingham 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 in the City of
Bellingham.
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Precipitation data are collected at 15-minute intervals at 20 stations in or near the City of
Bellingham, as shown in Figure 7.

City of Bellingham
Precipitation Stations |
and [
Streamflow Gages
with
NWS Climate Stations

Legend
@  Streamflow Gages
B Frecipitation Stations
£ NWS Climate Stations
I Chuckanut Creek
I Fadden Creek
I squalicum Creek
I Whatcom Creek
1=} Bellingham City Limits

Map Prepared By
HydroLogic Services Company
Kk

August 2005

0 05 1

Figure 7. City of Bellingham Precipitation Stations

For comparison purposes, a review of the 20 stations found that only 8 of the 20 have a
complete record for water years 2002, 2003, and 2004 (October 2001 through September
2004). The mean annual precipitation for these eight stations is shown in Table 1.

Table 1. City of Bellingham Precipitation Stations

Station | Location Mean Annual Precipitation (in)
Post Pt | 200 McKenzie Ave, adjacent to WWTP 30.21
Brannian | south end of Lake Whatcom 58.51
Central | 2221 Pacific St 30.93
Smith NE side of Lake Whatcom 42.96
Mitchell | near Bellingham Airport 29.76
38th at Lake Padden 41.27
Roeder | near 851 Coho Way 29.96
Bakerview | 4059 Bakerview Valley Rd 30.05
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The five stations (Post Point, Central, Mitchell, Roeder, and Bakerview) near or within
the City of Bellingham show consistent mean annual precipitation values in the range of
29-31 inches for the three-year comparison period . The stations at higher elevations
(Brannian, Smith, and 38" Street Pump Station) all have higher mean annual
precipitation values that show the influence of orographic features on the rainfall
distribution.

Land Use

Existing land use in the City of Bellingham varies from a high density commercial
downtown to undeveloped forest lands. Most of the land can be classified as residential,
suburban development. City GIS data were used to convert the City’s multiple land use
categories into specific hydrology-based categories for use in WWHM3 to compute
stormwater runoff.

The Silver Creek study area is to the northwest of the city. This is an area where forest
and agricultural land is being converted into suburban neighborhoods.

The Squalicum Creek study area has become more highly developed as new residential
neighborhoods are built to the north of Bellingham. Commercial development has
focused along the 1-5 and State Highway 539 corridors. The northern and eastern edges
of the study area still contain some forested and agricultural lands.

The Silver Beach Creek study area is mostly covered with suburban residential
developments.

The Whatcom Creek study area is highly developed. The western portion of the study
area is the commercial center of the City of Bellingham. Light industrial development is
to the east of the downtown along the Whatcom Creek corridor. Residential land use is
found both north and side of Whatcom Creek. Park land along Whatcom Creek upstream
of Woburn Street protects the creek from encroaching urban development. Along the
south edge of the watershed are forested, hill slopes. Development is slowly replacing
the forests with suburban housing.

The Padden Creek study area is a mixture of land use development patterns. Most of the
drainage area into Lake Padden is forested or developed at a relatively low density for
residential or recreational use (golf course). There are residential developments on the
north side of the lake. Downstream of the lake the land use changes from rural to urban.
The northern and western portions of the Padden Creek drainage are highly developed
with a mix of commercial, industrial, and residential use. The Connelly Creek drainage
includes relatively dense residential and commercial developments.

Most of the Chuckanut Creek watershed is in forest lands located south of the City of

Bellingham. There are residential neighborhoods on the western and northern sides of
the study area and along Chuckanut Drive.
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For each study area the City of Bellingham GIS provided land use layers that included
soils, land use categories, and topography. This information was used to identify and
determine the drainage area (acres) for each pervious land type (PERLND) and
associated impervious area for each subbasin. Within a single subbasin there can be
multiple different PERLNDs plus impervious area (IMPLND). Each PERLND has its
own unique combination of soil, vegetation, and land slope that defines its hydrologic
response to precipitation.

The individual PERLNDs used in the stormwater modeling are shown in Table 2.

Table 2. PERLND Categories

PERLND No. Soil Vegetation/Surface Slope
1 A/B Forest Flat
2 A/B Forest Moderate
3 A/B Forest Steep
4 A/B Pasture Flat
5 A/B Pasture Moderate
6 A/B Pasture Steep
7 A/B Lawn Flat
8 A/B Lawn Moderate
9 A/B Lawn Steep
10 C Forest Flat
11 C Forest Moderate
12 C Forest Steep
13 C Pasture Flat
14 C Pasture Moderate
15 C Pasture Steep
16 C Lawn Flat
17 C Lawn Moderate
18 C Lawn Steep
19 Saturated Forest Flat
20 Saturated Forest Moderate
21 Saturated Forest Steep
22 Saturated Pasture Flat
23 Saturated Pasture Moderate
24 Saturated Pasture Steep
25 Saturated Lawn Flat
26 Saturated Lawn Moderate
27 Saturated Lawn Steep

Land slope categories: flat (0-5%), moderate (5-15%), and steep (>15%).

Impervious areas were separated from pervious land areas based on the type of land use
and its associated impervious fraction (see Table 3).
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Table 3. Impervious Land Fraction

Impervious Land Use Category Impervious Fraction
Low Density Residential 0.08
High Density Residential 0.20
Multi-Family Residential 0.40
Commercial 0.85
Industrial 0.85
Roadways 0.85
Parks 0.05
Forest Lands 0.00
Right-of-way 0.02
Farms/Agricultural Lands 0.02

The impervious area fractions were used to determine the number of acres of impervious
area for each land use category instead of using the city’s GIS impervious coverage. This
was done for two reasons:

1. The city’s GIS impervious coverage was reviewed and found to not include all
impervious surfaces within the urban area. General street curb-to-curb and
building roof impervious coverages were provided, but impervious surfaces such
as driveways, sidewalks, and other impervious surfaces were not. Use of the GIS
impervious coverage would have resulted in the under-reporting of the total
impervious area in each drainage subbasin.

2. The city’s GIS impervious coverage did not extend to the portions of the city’s
watersheds outside of the city limits. To include these areas in the hydrologic
modeling it was necessary to compute their impervious area based on the
impervious land fractions shown in Table 3.

The city’s GIS impervious coverage can be used in the model in place of the impervious
land fraction values in computing the number of impervious acres in the future when the
two current GIS impervious coverage limitations are resolved. Until that time the
impervious land fraction values should be used.

The modeling software options include the ability to quickly update the model with new
landuse data, as it becomes available. A description of the procedures involved in
updating the model with new GIS data is presented in the Hydrologic Modeling
Procedures section of this plan and in the GIS Import documentation in the WWHM3
Project Book given to the city staff.
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ENVIRONMENTAL

The environmental documentation of the wetlands and streams conducted for the 1995
plan still provides a good assessment of the City of Bellingham’s fresh water aquatic
environment. As stated in that 1995 plan, “preservation of natural water courses in the
City’s drainage basins was considered a high priority in the development of watershed
management recommendations.” No survey of the city’s aquatic resources was made to
update this assessment; such a survey was outside of the scope of work.

Environmental Study Description

The 1995 plan conducted detailed field studies of the drainage basin areas, based on
priority subbasins, and the priority streams and wetlands within those priority subbasins.
Priority subbasins were selected based on the chances of being impacted by nearby
development. Priority streams within the selected subbasins were chosen based on their
size, fish habitat, the potential for nearby development encroachment on the stream’s
riparian corridor. Priority wetlands were determined to be those wetlands that are
hydrologically connected or potentially hydrologically connected to priority streams.

Priority Wetlands

Wetlands identified by the 1991 Bellingham Wetland Inventory and directly associated
with priority streams, were examined for the 1995 plan field investigations. The presence
of hydrophytic vegetation, wetland hydrology, and hydric soils were inspected in each
wetland. The dominant species in each vegetation layer was identified and density and
maturity were estimated. Hydrologic information consisted of a flow rate measurement
where surface flow was present, observations of hydrologic constrictions, and an
assessment of the wetland’s hydroperiod. Information on other important wetland
parameters including shape, size, slope, and complexity of the upland/wetland boundary
were also noted along with a characterization of the wetland soil substrate.

A simplified functional values analysis was performed on the wetlands in the 1995 study.
This analysis consisted of evaluations of wildlife habitat, water quality benefits, flow
attenuation potential, and groundwater recharge function for a given wetland. These
evaluations were subjective (non-quantitative), based upon qualitative analysis performed
by field biologists.

Because wildlife species have unique requirements for food, cover, water quality, and
other habitat factors, the general status of wildlife habitat was evaluated in the 1995 study

by considering three factors:

e The degree of disturbance to natural vegetation, where greater disturbance is
likely to be detrimental rather than beneficial to existing wildlife.
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e Proximity to development, where high density development and heavily traveled
roadways generally reduce habitat quality of adjacent areas.

e The complexity of the ecosystem, where the presence of multiple wetland classes
is biologically more diverse and more valuable.

The water quality benefits of wetlands were evaluated for the ability of their vegetation
and soils to filter pollutants entering the wetlands. Wetland geometry and vegetation
density are important factors in determining the filtering efficiency.

Floodwater attenuation was evaluated by noting whether irregular wetland topography or
the presence of substantial persistent hydrophytic vegetation could attenuate potentially
high floodwater velocities. Reducing velocities reduces erosion and stabilizes the
existing wetland system. Although wetlands are commonly areas of groundwater surface
discharge they can also be an important contributor to groundwater recharge.

A wetland impacts assessment gauged the existing and potential effects of stormwater
runoff on investigated wetlands. Stormwater runoff affects wetlands in three general
ways:

e Modifying the frequency and duration of wetland inundation which may be a
direct influence on the stability of existing vegetation and wildlife communities.

e Increasing erosion and downstream deposition during high water flows.

e Reducing water quality through increased amounts of man-made pollutants and
increased suspended solids from erosion.

For each wetland studied a subjective interpretation was performed concerning impacts
caused by periodic flooding, runoff water quality, and wetland groundwater exchange.
Wetlands which were most or least sensitive to stormwater impacts were listed and the
anticipated impacts to these wetlands described. Wetlands with currently limited value,
but with potential for improved value from enhancement were noted in the 1995 study.

Priority Streams

The 1995 priority stream inventory consisted of stream characteristics including channel
dimensions, riparian vegetation, and other physical characteristics of the streams.
Channel dimensions such as bankfull width and depth reveal the stream’s carrying
capacity, regardless of the water level present at the time of the field investigation.
Riparian vegetation was identified and evaluated for species diversity, habitat types,
percent cover, and percent shade. Other stream characteristics considered important for
a comprehensive understanding of the stream environment included the identification of
the stream substrate composition and degree of compactness, an estimate of slopes on
land adjacent to the streams, occurrence and extent of bank erosion, water flow rate, and
water clarity.

Streams were qualitatively evaluated for wildlife habitat, aesthetics, and water clarity.
Fish are an important wildlife associated with Bellingham streams. Stream obstructions
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that appeared likely to prevent the passage of salmonid species were noted where
observed. An aesthetic evaluation gauged the nature and degree of human disturbance
on the local stream environment. Water clarity was noted and considered the best
indicator of general water quality in the absence of laboratory testing for contaminants.
Water clarity is largely a function of suspended solid content and contamination by point
and nonpoint source pollutants. For observations made during low water levels, flow
velocities are relatively slow. Consequently, erosion and suspended sediment are low in
the stream channel and water clarity is only impacted by nearby development-related
activities. At high flows dilution diminishes the effects of development-related
pollutants and clarity is affected more by suspended solids produced by stream channel
erosion.

Additional development will result in increased stormwater runoff. The 1995 stream
impacts assessment characterized the general effects of stormwater runoff on inventoried
streams. These general effects include:

Increased potential for stream flooding

Increased frequency and duration of high flow events

Increased erosion

Increased pollutant loadings from nonpoint sources
Displacement of the current wildlife and vegetation communities

Included in the analysis of the stormwater impacts on streams were qualitative
interpretations of potential impacts to studied streams due to periodic flooding and
increased pollutant loadings. In each drainage basin field inventoried streams were
identified relative to their sensitivity to stormwater impacts. In addition, streams were
identified which were considered to be of limited value but have potential for improved
value through enhancement projects.

Fisheries

Fish habitat in the streams within the study areas was determined in the 1995 study
through a review of existing literature and data bases listed in the bibliography. Because
the available literature on local fish resources was limited, additional information was
sought through personal communications with local fisheries experts. Fish resources
documented in each basin are listed. Information is specific to a stream or stream reach
or fish species, as available. Routine observations were made while walking through
each stream corridor including the identification of blockages to fish passage.

The general effects of increased stormwater runoff on fisheries habitat were subjectively
assessed. The effects of additional erosive flows will increase sedimentation and
pollutant transport and may pose a significant threat to salmon spawning habitat as well
as other fisheries resources.
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Water Quality

Since the previous stormwater comprehensive plan was prepared, the City has been
managing stormwater using source controls, education, and both on-site and regional
treatment Best Management Practices (BMPs). In particular, water quality in Lake
Whatcom has been of concern for many years. A commonly identified cause of the
lake’s poor water quality is stormwater runoff, which includes many of the constituents
typically associated with urban stormwater, e.g., suspended solids, metals, and nutrients.
Of these, phosphorus is of particular concern due to Lake Whatcom’s algal productivity.

The efforts made by the City to control phosphorus in stormwater are currently being
evaluated. The evaluation will include a summary of BMPs the City has implemented,
BMPs the City has retrofitted, and previous studies conducted by the City and others
(e.g., Western Washington University) on phosphorus in Lake Whatcom and in
stormwater runoff. Part of the evaluation will also include a review of alternative
approaches either presented in general literature or approaches implemented by similar
jurisdictions. Lastly, the City’s current stormwater management program will be
reviewed to identify any additional incentives and/or enforcement actions the City could
implement. This evaluation is being performed specifically for phosphorous control in
the Lake Whatcom basin.

The finding from this evaluation will be documented in a separate report to the City.

The following water quality discussion is from the 1995 plan’s presentation of general
water quality impacts from stormwater runoff.

Pollutant Loadings

Pollutant loading estimates were done in the 1995 study using a simple spreadsheet
analysis. The spreadsheet included annual washoff rates for 11 constituents and five
different land uses.

The constituents included:
Biochemical Oxygen Demand (BOD)
Chemical Oxygen Demand (COD)
Total Suspended Solids (TSS)
Dissolved Solids (DS)
Total Nitrogen
Total Ammonia
Total Phosphorus
Dissolved Phosphorus
Copper
Lead
Zinc
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Source information for annual loading estimates included information available from
King County METRO, WRMS Water Quality Manual, National Urban Runoff Program
(NURP), and the Municipality of Anchorage, Alaska. The loadings do not reflect
potential reductions from water quality improvement policies or implemented best
management practices.

The land use categories are:
Commercial
Industrial
High Density Residential
Low Density Residential
Forest/Open Space

The purpose of developing these estimates was to look for trends in how land use
development impact pollutant buildup and washoff.

26



City of Bellingham Comprehensive Stormwater Plan December 2007

GENERAL ISSUES AND RECOMMENDATIONS

One of the City of Bellingham’s most valuable resources is its natural streams. As
development occurs stormwater runoff increases in both frequency and duration. In some
portions of the city the natural stream character has been modified or replaced by
channeling, piping, or armoring (rock lining) of the natural channel. The 1995 plan
recommended ways to preserve the character of the city’s natural stream as a valued
resource.

This section presents known drainage and water quality issues and problems, identifies
alternative solutions, and provides recommended actions to enhance the general stream
and stormwater system. It includes information that pertains to all six watersheds. Issues
specific to individual watersheds are discussed in the following sections.

Water Quantity Issues, Problems, and Approaches

The following sections present known drainage problems that were identified through
several sources: hydrologic and hydraulic computer modeling and analysis, flood
problems reported by City of Bellingham Public Works staff, and field visits. The
alternative solutions have been identified and recommended for actions to improve the
City’s stormwater management.

The capacities of open channels, culverts, and stormwater pipe systems in the study areas
were determined from the WWHM3 computer modeling. Locations where floodwater
surcharge was identified were identified as problem sites.

A number of different approaches can be taken to correct or mitigate stormwater
problems. These approaches include local site detention, regional detention, bypass
piping, upsizing stormwater culverts and pipes, and armoring channels to reduce channel
erosion. These issues must be addressed on a site-by-site basis because of the unique
characteristics of each subbasin. Water quantity solutions also have an impact on water
quality and, as a result, water quality issues must be also included in the decision process.

Both regional and local site detention have advantages and disadvantages. Regional
detention facilities need space (a dedicated land parcel), but can be used for multiple
purposes, including habitat enhancement, recreation, and open space. The advantage of
regional detention is that storage volume can be more efficiently used compared to
multiple local site detention facilities. Reasons for the regional facility’s efficiency
include setback buffers, pond side slope requirements, and fewer control structures. One
large pond has a more efficient surface area to volume ratio than multiple small ponds.

Regional detention facilities also have lower maintenance costs when compared to
multiple local facilities that equal the same total storage volume. The regional facilities
owned by the City can be serviced on a regular maintenance schedule. Local site
facilities are often owned by homeowner associations who are not aware of their
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facilities’ maintenance requirements, do not have the knowledge or equipment to
maintain the facilities properly, nor have the funds to contract the maintenance work.

The disadvantages of regional systems include the difficulty of finding locations on
which to build the facilities, the need to convey stormwater flows to the regional facilities
without damaging the natural drainage system, and the inability to fund and construct
regional facilities prior to pending upstream land development. In addition, local site
facilities, such as rain gardens, are better at reducing stormwater runoff and pollutants at
the source prior to their entering the public stormwater system.

Bypass piping is considered an option where high flows need to be transported around
rather than through a sensitive stream reach or wetland. By redirecting the high flows the
bypass reduces stream channel erosion. In comparison to channel armoring, bypass
piping also reduces the need to disrupt the riparian corridor with equipment and
construction activities. Easement acquisition requirements are also generally less than
buying additional stream buffers. The disadvantages of bypass piping include potential
conflict with other utilities in the street right-of-way, environmental damage if
constructed in the riparian corridor, and high construction costs.

The use of riprap or channel armoring reduces or destroys the natural qualities of a
stream and transports high flows and pollutant loads downstream without any attenuation.
Maintenance is required to maintain these channel protection facilities. Changes in the
flow regime can lead to other erosion and flooding problems. The selection of any
instream measure or facility must also include analysis of the disruption and
environmental damage that will occur due to construction and maintenance. Slope
stabilization methods that include bioengineering can be less damaging to the riparian
corridor than standard riprap. However, they must be carefully protected to prevent
undercutting and monitored to make sure that the vegetation is healthy.

Stormwater detention based on the Washington State Department of Ecology flow
control standards prevents an increase in erosion by limiting the erosive flows from new
development. Stormwater detention facilities also provide an opportunity for water
quality improvements. This can be in the form of sediment and pollutant settling in wet
pond forebays and/or biofiltration. By comparison, increasing downstream conveyance
system capacity does not reduce erosive flows nor provides water quality benefits.
However, increasing capacity reduces flooding of public and private property and can be
included in the road right-of-way.

Washington State Department of Ecology flow control standards require that for new
development that the stormwater runoff flow duration (percent of time) not increase
above the predeveloped (forested land use) erosive flows (flows between 'z of the 2-year
peak flow to the 50-year peak flow, as computed by WWHM3. WWHM3 statistically
computes the 2-year and 50-year peak flow using 30-50 years of HSPF-generated hourly
runoff, selecting the annual peak discharges, and using a Log Pearson Type I11
distribution.
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Environmental Issues, Problems, and Approaches

The 1995 plan included field work conducted in the inventoried drainage basins. That
field work identified environmental problems and solutions. One of the general issues
identified was the effect of existing and increased land development on the natural
resources (streams, wetlands, fish resources, and water quality) in the individual drainage
basins. The development of land impacts the natural dynamics of the predevelopment
environment along the riparian corridor and in wetlands. This can result in the presence
of nonpoint chemical pollutants and sediment loads in the City’s freshwater aquatic
environment. This development together with the construction of physical barriers such
as culverts in the stream channels can severely affect the ability of native fish and
wildlife to survive the changes to their natural ecosystem. Associated with issues of land
development-related impacts are issues of providing opportunity for development and
economic viability within the City of Bellingham while at the same time protecting the
valuable, and sometimes fragile, natural ecosystem. Add to this situation the need to
restore natural environments that have been impacted negatively in the past.

The environmental problems identified during the 1995 field work were directly related
to the impacts of land development and land use changes. Problems include:

e Stream reaches with severely eroded channels

e Loss of fish habitat from the physical alteration of streams and adjacent woody
riparian vegetation

e Wetlands that have been so disturbed that many of their ecological functions
have been degraded and their vegetative composition altered

e Degraded water quality in both streams and wetlands

In general, solutions to the problems are dependent on the successful implement of this
and other plans and their associated recommendations and proposed best management
practices (BMPs). Streams, wetlands, and fish resources can be better protected by
identifying high value resources and by proposing basin-specific guidelines successfully
mitigate the impacts of future land use change. Resources that are currently highly
degraded can be restored by implementing subbasin-specific development
recommendations and restoration plans. These solutions protect and improve water
quality and fish habitat in streams and wetlands.

Water Quality Issues and Recommendations

Water quality degradation is directly related to increased land development and
intensified land use. Runoff sediment increases from both erosion and washoff from
streets and parking lots. Many pollutants attach to sediment particles and are transported
in the stormwater runoff. Nutrient loading increases because of land use practices such
as fertilizer applications on residential properties. The plant cover cannot utilize all of
the applied nutrients and soil cannot absorb them. In addition, the amount of oxygen
demanding organics increases with land use intensity, as do hydrocarbons, heavy metals,
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and organic compounds. Heavy metals and organic compounds increase toxicity in the
streams and hydrocarbons also adversely impact water quality.

The 1995 plan identified steps that need to be taken to prevent water quality degradation
as land development increases. Many of these steps can be retrofitted into currently
developed areas to improve surface water runoft quality.

The Washington State Department of Ecology has established in Western Washington a
water quality treatment standard of 91% of the total stormwater runoff volume that must
be treated. All new development should be required to implement on-site water quality

measures to meet this standard.

Examples of best management practices (BMPs) to improve water quality include the use
of grass filter strips, settling ponds, biofilters, constructed wetlands, oil/water separators,
infiltration, and water quality cartridges. They can also include incorporating stream
setbacks, removing livestock from streams and other sensitive areas, cleaning up pet
wastes, revising landscaping and runoff patterns, stabilizing slopes by terracing and/or
bioengineering, and improving ground cover.

Public environmental education can be an important element in improving stream water
quality. Both residential contributors and commercial and industrial contributors should
be targeted. Examples of public education programs include water quality programs in
schools, public forums, and printed brochures describing how to dispose of or recycle
yard and other household wastes including automobile motor oil, anti-freeze, car wash
water, and household cleaners. Illegal sanitary sewer and industrial discharge
connections to the stormwater sewer system and the streams should be eliminated.

Key public education topics include:
e The promotion of integrated pest management
e Proper application of fertilizers
e Use of native plants in landscaping
e Proper disposal or recycling of wastes, such as soapy water, oils, anti-freeze,
cleaners, solvents, etc.
e Reducing impervious surfaces

The 1995 study included observations of nonpoint pollution sources made on each
inventoried stream corridor. Nonpoint source pollution problems observed included
manure in runoff from livestock, failed septic systems from adjacent residences, lawn
and garden chemicals and fertilizers, automobile oils, anti-freeze and gasoline leakage,
chemical washoff from manufacturing facilities, pollutants from roadways (zinc, lead,
asbestos, anti-freeze, oils, etc.), winter road salts and traction sand, and illegal outfalls to
streams and wetlands.

The Washington State Department of Ecology’s Stormwater Management Manual for

Western Washington requires implementing source control and treatment of stormwater
to treat 91% of the total runoff volume for new development. The manual also requires
that for new development that the stormwater runoff flow duration (percent of time) not
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increase above the predeveloped (forested land use) erosive flows (flows between 2 of
the 2-year peak flow to the 50-year peak flow.

The National Pollutant Discharge Elimination System (NPDES) program requires a

water quality monitoring program to identify pollutant discharge locations and sources.
The program also requires corrective measures.
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HYDROLOGY

The hydrologic and hydraulic modeling for the City of Bellingham Comprehensive
Stormwater Plan 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. Stormwater runoff routing is computed using HSPF for open channel
conveyance systems and PCSWMM for stormwater pipe conveyance systems. City of
Bellingham GIS stormwater conveyance system data were used to model the stormwater
pipe systems.

The 1995 HDR stormwater calculations were made using Waterworks software.
Conveyance system data from the Waterworks models were used in WWHM3 where
City GIS conveyance system data did not exist.

Model Development

Unlike the 1995 Waterworks single-event hydrology model, WWHM3 does not use
design storms to generate stormwater runoff. The City of Bellingham Central Shop
hourly precipitation record was used by WWHM3’s HSPF computational engine to
calculate stormwater runoff. Runoff was then routed using HSPF’s RCHRES algorithms
and/or SWMM'’s Transport algorithms.

Basins, subbasins, and their boundaries in each watershed study area were based
originally on the 1995 plan. They were checked and revised, as needed, using the City of
Bellingham’s GIS data. Subbasins were delineated to reflect tributary area to modeled
conveyance system facilities. Critical locations in each basin were identified by
comparing existing facility capacity with generated stormwater flows.

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. Two of the City of Bellingham’s watersheds, Silver Beach Creek and
Whatcom Creek, were calibrated to determine appropriate HSPF parameter values that
best represented the hydrology of the city’s watersheds.
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HSPF Calibration

HSPF model calibration is an art as much as it is a science. HSPF calibration involves 17
PERLND parameters, of which four (LZSN, UZSN, INFILT, and INTFW) are the major
calibration parameters.

As described in the Land Use section, the pervious and impervious land types were
identified and measured in terms of their area (acres) and where they discharge to the
nearest stream channel or stormwater conveyance system. Pervious land types were
divided according to soil, vegetation, and land slope. In the Bellingham area the major
soil categories used are A/B (outwash), C (till) and saturated (wetland). Vegetation
categories are usually forest, pasture, and lawn (turf grass). Land slopes are flat (0-5%),
moderate (5-15%), and steep (>15%). Impervious land types are usually lumped
together, although they can be separated according to land slope.

HSPF PERLNDs are based on the pervious land types. For example, one PERLND will

represent till soil, forest vegetation, on a flat slope (0-5%). Multiple PERLNDs are
usually defined for each HSPF model. For each of these PERLNDs the 17 parameters
need to be assigned the appropriate values. Most of the 17 parameters are represented by
physical processes.

The PERLND parameters and the processes are defined below in Table 4.

Table 4. PERLND Parameters

Parameter | Description Value Based on
LZSN Lower Zone Storage Nominal (inches) Calibration

INFILT Infiltration (inches per hour) Calibration

LSUR Length of Surface Overland Flow (feet) Map Measurement
SLSUR Slope of Overland Flow Path (feet/feet) Map Measurement
KVARY Variable Groundwater Recession See Table 5
AGWRC Active Groundwater Recession Constant (per day) See Table 5
INFEXP Infiltration Exponent See Table 6
INFILD Infiltration Ratio (mean to maximum) See Table 6
DEEPFR Deep Fraction of Groundwater See Table 6
BASETP Baseflow Evapotranspiration See Table 6
AGWETP Active Groundwater Evapotranspiration See Table 6
CEPSC Interception Storage (inches) See Table 7
UZSN Upper Zone Storage Nominal (inches) Calibration

NSUR Surface Roughness Coefficient (Manning's n) See Table 7
INTFW Interflow Index Calibration

IRC Interflow Recession Constant (per day) See Table 7
LZETP Lower Zone Evapotranspiration See Table 7

As shown in Table 4, most of the values for the parameters can be determined from map
measurements or have recommended values. Four parameters (LZSN, INFILT, UZSN,
and INTFW) are determined through the calibration process.
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LZSN (Lower Zone Storage Nominal) controls the amount of water (soil moisture) in the
lower soil zone. The lower soil zone is the soil layer between the upper soil layer
(typically the top 6 inches) and the groundwater table. The nominal value is not the
maximum value (max LZS = 2.5¥*LZSN). In Western Washington typical LZSN values
range from 3 to 12 inches of water.

When LZS (Lower Zone Storage) approaches its maximum value (2.5*LZSN) the
amount of water entering the lower zone storage approaches zero. Water remains in the
upper zone and surface storage and is available for runoff as interflow and surface runoff.
A small LZSN value will result in more interflow and surface runoff than a large LZSN
value.

INFILT (Infiltration) controls the rate at which water enters the lower zone storage. The
actual infiltration rate is calculated each time step and changes based on the ratios of
LZS/LZSN and UZS/UZSN, which change each time step. If the soil moisture is low at
the start of a major storm event then the actual infiltration rate will be high. As the storm
event progresses the actual infiltration rate will decrease as the soil moisture levels
increase. If the storm event lasts long enough and produces enough precipitation the
actual infiltration rate will approach zero as the soil becomes fully saturated.

A small INFILT value (for example, the INFILT value for till soils) limits the movement
of water into the lower zone storage. Water remains in the upper zone and surface
storage and is available for runoff as interflow and surface runoff. A small INFILT value
will result in more interflow and surface runoff than a large INFILT value.

UZSN (Upper Zone Storage Nominal) controls the amount of water (soil moisture) in the
upper soil zone. The upper soil zone is the soil layer between the surface and the lower
soil zone. It is typically considered to be the top 6 inches of soil. The nominal value is
not the maximum value (max UZS = 3.5*UZSN). In Western Washington typical UZSN
values range from 0.25 to 1.0 inch of water.

When UZS (Upper Zone Storage) approaches its maximum value (3.5*UZSN) the
amount of water entering the upper zone storage approaches zero. Water remains in the
surface storage and is available for runoff as surface runoff. A small UZSN value will
result in more surface runoff than a large UZSN value.

INTFW (Interflow) determines the distribution of runoff between interflow (shallow,
subsurface runoff) and surface runoff. Interflow travels through the top layer of soil and
takes longer to travel to a conveyance system than surface runoff. A large value for
INTFW results in more interflow and less surface runoff. This will decrease the size of
peak runoff events, but not change their total runoff volume.

The calibration process is an iterative process. After all of the HSPF calibration
parameter values were selected the model was run and the simulated and observed
streamflow data compared. For the Silver Beach Creek calibration and the Whatcom
Creek calibration the calibration started with the HSPF regional parameter values
included in WWHM3 (Western Washington Hydrology Model version 3). These values
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have been tested on multiple local watersheds and found to accurately represent the
hydrology of Western Washington watersheds. The WWHM3 HSPF PERLNDs are
listed in Table 2. The associated WWHM3 HSPF regional parameter values are shown in
Tables 5, 6, and 7. During the calibration process the calibration parameter values were
adjusted to better represent the specific calibration site conditions. This was an iterative
process involving approximately 10 calibration iterations for Silver Beach Creek and two
dozen iterations for Whatcom Creek.

The calibration comparison process was based on a visual comparison of the observed
and simulated hydrographs.

Visual observation allows the user to identify periods when the simulated results match
well with the observed data and when they do not. Problems with matching the simulated
results with the observed may be because of data problems (examples of which are
described below in the calibration discussions) or because inappropriate calibration
parameter values were selected. Through the iterative process parameter values were
changed and the model rerun to compare the new simulated results with the observed
data. This iterative process continued until a good calibration result was achieved.

There is no single process or statistic that determines whether a calibration is good or not.
A calibration can always be improved, but at some point in the iteration process a
decision must be made that the simulated results are close enough to the observed results
to proceed to the next step in the modeling work.

Based on the comparison of the simulated flows with the observed flows we are confident
that we have good calibrations for both Silver Beach Creek and Whatcom Creek. A

discussion of the calibration results for each of these two streams follows.

Table 5. WWHM3 HSPF Regional Pervious Parameter Values — Part |

PERLND No. | LZSN | INFILT | LSUR | SLSUR | KVARY | AGWRC
1 5.0 2.00 400 0.050 0.3 0.996
2 5.0 2.00 400 0.100 0.3 0.996
3 5.0 2.00 400 0.150 0.3 0.996
4 5.0 1.50 400 0.050 0.3 0.996
5 5.0 1.50 400 0.100 0.3 0.996
6 5.0 1.50 400 0.150 0.3 0.996
7 5.0 0.80 400 0.050 0.3 0.996
8 5.0 0.80 400 0.100 0.3 0.996
9 5.0 0.80 400 0.150 0.3 0.996
10 4.5 0.08 400 0.050 0.5 0.996
11 4.5 0.08 400 0.100 0.5 0.996
12 4.5 0.08 400 0.150 0.5 0.996
13 4.5 0.06 400 0.050 0.5 0.996
14 4.5 0.06 400 0.100 0.5 0.996
15 4.5 0.06 400 0.150 0.5 0.996
16 4.5 0.03 400 0.050 0.5 0.996
17 4.5 0.03 400 0.100 0.5 0.996
18 4.5 0.03 400 0.150 0.5 0.996
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PERLND No. | LZSN | INFILT | LSUR | SLSUR | KVARY | AGWRC

19 4.0 2.00 100 0.001 0.5 0.996
20 4.0 2.00 100 0.010 0.5 0.996
21 4.0 2.00 100 0.100 0.5 0.996
22 4.0 1.80 100 0.001 0.5 0.996
23 4.0 1.80 100 0.010 0.5 0.996
24 4.0 1.80 100 0.100 0.5 0.996
25 4.0 1.00 100 0.001 0.5 0.996
26 4.0 1.00 100 0.010 0.5 0.996
27 4.0 1.00 100 0.100 0.5 0.996

LZSN: Lower Zone Storage Nominal (inches)

INFILT: Infiltration (inches per hour)

LSUR: Length of surface flow path (feet)

SLSUR: Slope of surface flow path (feet/feet)

KVARY: Variable groundwater recession

AGWRC: Active Groundwater Recession Constant (per day)

Table 6. WWHM3 HSPF Pervious Parameter Values — Part I1

PERLND No. | INFEXP | INFILD | DEEPFR | BASETP | AGWETP

1 2 2 0 0 0.00
2 2 2 0 0 0.00
3 2 2 0 0 0.00
4 2 2 0 0 0.00
5 2 2 0 0 0.00
6 2 2 0 0 0.00
7 2 2 0 0 0.00
8 2 2 0 0 0.00
9 2 2 0 0 0.00
10 2 2 0 0 0.00
11 2 2 0 0 0.00
12 2 2 0 0 0.00
13 2 2 0 0 0.00
14 2 2 0 0 0.00
15 2 2 0 0 0.00
16 2 2 0 0 0.00
17 2 2 0 0 0.00
18 2 2 0 0 0.00
19 10 2 0 0 0.70
20 10 2 0 0 0.70
21 10 2 0 0 0.70
22 10 2 0 0 0.50
23 10 2 0 0 0.50
24 10 2 0 0 0.50
25 10 2 0 0 0.35
26 10 2 0 0 0.35
27 10 2 0 0 0.35
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INFEXP: Infiltration Exponent

INFILD: Infiltration ratio (maximum to mean)

DEEPFR: Fraction of groundwater to deep aquifer or inactive storage
BASETP: Base flow (from groundwater) Evapotranspiration fraction
AGWETP: Active Groundwater Evapotranspiration fraction

Table 7. WWHM3 HSPF Pervious Parameter Values — Part 111

PERLND No. | CEPSC | UZSN | NSUR | INTFW IRC LZETP
1 0.20 0.50 0.35 0 0.7 0.70
2 0.20 0.50 0.35 0 0.7 0.70
3 0.20 0.50 0.35 0 0.7 0.70
4 0.15 0.50 0.30 0 0.7 0.40
5 0.15 0.50 0.30 0 0.7 0.40
6 0.15 0.50 0.30 0 0.7 0.40
7 0.10 0.50 0.25 0 0.7 0.25
8 0.10 0.50 0.25 0 0.7 0.25
9 0.10 0.50 0.25 0 0.7 0.25
10 0.20 0.50 0.35 6 0.5 0.70
11 0.20 0.50 0.35 6 0.5 0.70
12 0.20 0.30 0.35 6 0.3 0.70
13 0.15 0.40 0.30 6 0.5 0.40
14 0.15 0.40 0.30 6 0.5 0.40
15 0.15 0.25 0.30 6 0.3 0.40
16 0.10 0.25 0.25 6 0.5 0.25
17 0.10 0.25 0.25 6 0.5 0.25
18 0.10 0.15 0.25 6 0.3 0.25
19 0.20 3.00 0.50 1 0.7 0.80
20 0.20 3.00 0.50 1 0.7 0.80
21 0.20 3.00 0.50 1 0.7 0.80
22 0.15 3.00 0.50 1 0.7 0.60
23 0.15 3.00 0.50 1 0.7 0.60
24 0.15 3.00 0.50 1 0.7 0.60
25 0.10 3.00 0.50 1 0.7 0.40
26 0.10 3.00 0.50 1 0.7 0.40
27 0.10 3.00 0.50 1 0.7 0.40

CEPSC: Interception storage (inches)

UZSN: Upper Zone Storage Nominal (inches)
NSUR: Surface roughness (Manning’s n)
INTFW: Interflow index

IRC: Interflow Recession Constant (per day)
LZETP: Lower Zone Evapotranspiration fraction
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Silver Beach Creek Calibration

The Silver Beach Creek HSPF calibration was summarized in a CCS memo to the City of
Bellingham dated 28 February 2006. The highlights of that calibration memo are
presented below.

The Silver Beach Creek watershed was calibrated with WWHM3 to provide local
hydrologic parameter values for use in the City of Bellingham’s edition of WWHM3.
The calibration period was October 2001 through September 2004 (water years 2002-
2004). WWHM3 simulated flow was compared with observed USGS streamflow data at
the mouth of Silver Beach Creek. The calibration results show a good match between
simulated and observed flows, except for the large flood event of February 23, 2002
(more on that below).

Silver Beach Creek is located at the northern end of Lake Whatcom (see red dot on
Figure 8). The Bakerview rain gage was used for the rainfall on the Silver Beach Creek
watershed. Potential evapotranspiration data were provided by HydroLogic Services
Company.
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Figure 8. Silver Beach Creek Watershed

The Silver Beach Creek watershed model was created in WWHM3 using GIS land use
data provided by the City of Bellingham and converted into appropriate hydrologic land
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categories by Parametrix. Table 8 summarizes the Silver Beach Creek watershed land

use for the five subbasins delineated by Parametrix.

Table 8. Silver Beach Creek Watershed Land Use

December 2007

Pervious Area | Impervious Area | Total Area
Subbasin (ac) (ac) (ac) Flows to

SVv101 350.61 58.78 409.39 3
SV102 104.18 17.82 122.00 1
SV103 53.31 18.27 71.58 1
SV104 64.53 29.37 93.90 2
SV105 8.11 4.13 12.24 Woodlake Pond
Total 580.74 128.37 709.11

City GIS information and Woodlake Meadows Estates construction drawings were used
to create the Silver Beach Creek conveyance system input to WWHM3. The Silver
Beach Creek conveyance system consists of three open channel stream reaches and one
stormwater detention pond (Woodlake Pond). The conveyance system linkages are

shown in Table 9 and Figure 9.

Table 9. Silver Beach Creek Conveyance System

Reach Flows to
1 Lake Whatcom
2 1
3 2
Woodlake Pond 1
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Simulated and observed daily streamflow were compared at the USGS gage near the
mouth of the creek.

In particular, winter flows (December through March) were compared to evaluate the
ability of the model to represent this period when most major flooding occurs. Figures
10, 11, and 12 show the winter flows for water years 2002, 2003, and 2004, respectively.
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Figure 10. Winter Flows (Dec 2001 — Mar 2002)

As can be seen in Figure 9, the simulated flows match well with the observed data except
for the large flood event of February 23, 2002. The inability of the model to reproduce
the observed peak flow of 68 cfs is due to one of two reasons:

1. The large peak flow was caused by a particularly heavy rainfall event that
partially missed the Bakerview rain gage. The Bakerview gage recorded 2.77
inches over two days, but to produce a peak of this size would require a much
higher volume of rainfall (probably in the range of 5-8 inches). Geneva is the
next closest gage and it recorded a similar 2.78 inches. A review of the 2-day
precipitation for this storm at the other Bellingham precipitation stations found
that all of the rain gages recorded total volumes in the range of 2.4-3.5 inches, as
shown in Table 10. It appears highly unlikely that a higher precipitation total
needed to produce such a large peak flow would not have been recorded at one of
the stations.
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Table 10. Two-day Precipitation for February 23, 2002, Flood Event

Station Precipitation (in)
Bakerview 2.77
Geneva 2.78
Roeder Ave 2.40
Central Shops 2.47
Post Pt 2.61
Short St 2.68
Mitchell Way 2.70
38th St 3.18
Smith Creek 3.28
Brannian Creek 3.49

2. The observed streamflow peak value of 68 cfs is inaccurate. It is difficult to
accurately measure peak flow events. The standard field survey method of
measuring flow velocities is usually impossible due to the high in-bank channel
velocities. Instead, rating curves are extrapolated to estimate the peak flow value
based on observed high water marks. The Silver Beach Creek stream gage is just
upstream of where the creek crosses under North Shore Drive. Backwater from
the road culvert constriction may have caused the gage to record an
inappropriately high peak stage (water depth), which, when converted into flow,
produced an inappropriately high peak flow value.

It is our professional opinion that the inability of the model to match this one peak flow
event while matching the remainder of the two-year simulation period is due to Reason
#2 above. The observed streamflow peak value of 68 cfs is inaccurate and the correct
flow for this event is probably in the range of 20-25 cfs. The model does not have
sufficient precipitation to match the observed peak flow regardless of the hydrologic
parameters used and yet it matches the other peaks well, as shown in figures 10, 11, and
12.
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The winter 2003 and 2004 (Figure 10 and Figure 11, respectively) flows match well. A
few observed peak flows are oversimulated and a few are undersimulated, but the
majority are a very close match.

Whatcom Creek Calibration

The Whatcom Creek HSPF calibration was summarized in a CCS memo to the City of
Bellingham dated 30 May 2006. The highlights of that calibration memo are presented
below.

The Whatcom Creek watershed was calibrated with WWHM3 to provide local
hydrologic parameter values for use in the City of Bellingham’s edition of WWHM3.
The calibration period was April 2002 through September 2004 (water years 2002-2004).
WWHM3 simulated flow was compared with observed streamflow data at the Dupont
Street gage. The calibration results show a good match between simulated and observed
flows.

Whatcom Creek is the outlet of Lake Whatcom. Whatcom Creek starts near the
northwestern corner of Lake Whatcom (see Figure 13) and flows westward through the
city to Bellingham Bay. The Central Shop rain gage was used for the rainfall on the
Whatcom Creek watershed. Potential evapotranspiration data were provided by
HydroLogic Services Company.
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Figure 13. Whatcom Creek Watershed
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Between Lake Whatcom and Bellingham Bay are four major tributaries that drain into
Whatcom Creek: Hannah, Cemetery, Lincoln, and Fever. Hannah, Cemetery, and
Lincoln all drain the tributary area south of Whatcom Creek; Fever Creek drains the area
on the north side of Whatcom Creek drainage.

The Whatcom Creek calibration focused on calibrating the HSPF PERLND (pervious
area) parameters of the drainage area of these four tributaries plus the subbasins that drain
directly into Whatcom Creek. These parameters are used to compute runoff in WWHM3.

No long-term observed streamflow data were available for any of the four Whatcom
tributaries. As a result, the calibration focused on the gain of flow between the upper
Whatcom Creek stream gage (Derby Pond) near the outlet of Lake Whatcom and the
lower Whatcom Creek gage (at Dupont Street).

The Whatcom Creek watershed model was created in WWHM3 using GIS land use data
provided by the City of Bellingham and converted into appropriate hydrologic land
categories by Parametrix. Table 11 summarizes the Whatcom Creek watershed land use
for the subbasins delineated by Parametrix. Figure 14 shows the locations of the
subbasins.

Table 11. Whatcom Creek Watershed Land Use

Pervious Impervious

Subbasin Acres Acres Total Acres | Drains to:
101 31.12 57.75 88.88 Fever
102 75.90 27.78 103.68 Fever
103 20.44 21.59 42.03 Fever
104 65.15 37.04 102.20 Fever
105 11.89 27.39 39.28 Whatcom 4
106 17.77 18.50 36.27 Whatcom 3
107 26.20 26.72 52.93 Whatcom 3
108 20.21 14.81 35.02 Whatcom 2
109 17.45 28.83 46.28 Whatcom 1
110 36.04 34.82 70.86 Whatcom 1
111 10.93 20.24 31.17 Whatcom 1
112 7.52 32.17 39.69 Whatcom 2
113 36.86 12.89 49.74 Whatcom 9
114 5.39 14.27 19.66 Whatcom ds
115 60.97 13.01 73.98 Whatcom 7
116 2.76 8.13 10.89 Whatcom 3
118 22.05 2.37 24.42 Whatcom 9
120 86.65 3.70 90.35 Whatcom 7
121 43.62 15.91 59.53 Whatcom 6
122 4.48 17.81 22.29 Whatcom ds
123 4.68 25.03 29.71 Whatcom 1
124 9.87 29.80 39.67 Whatcom 3
125 126.34 44.83 171.17 Lincoln
126 20.32 17.19 37.51 Whatcom 3
127 7.93 32.89 40.82 Whatcom ds
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Pervious Impervious

Subbasin Acres Acres Total Acres | Drains to:
128 461.82 85.52 547.35 E Cemetery
129 106.40 21.06 127.45 Hannah
130 3.84 20.70 24.54 Whatcom 2
131 49.43 58.82 108.25 Whatcom 2
132 1.52 5.79 7.31 Cemetery
133 23.14 7.48 30.62 W Cemetery
134 21.27 34.60 55.87 W Cemetery
135 57.23 15.50 72.73 E Cemetery
136 12.74 7.34 20.08 E Cemetery
137 20.17 10.45 30.62 Lincoln
138 55.14 16.21 71.34 W Cemetery
139 15.61 7.74 23.35 E Cemetery
140 112.46 20.07 132.52 E Cemetery
141 68.93 35.69 104.62 W Cemetery
142 107.11 38.75 145.86 Lincoln
143 56.06 36.08 92.14 Lincoln
144 25.36 50.70 76.06 Lincoln
145 22.92 39.97 62.90 Lincoln
146 19.89 35.41 55.29 Lincoln
147 40.91 24.19 65.10 Lincoln
148 13.06 15.39 28.45 Lincoln
149 9.63 44.12 53.75 Lincoln
150 5.08 28.57 33.65 Lincoln
151 34.90 67.02 101.93 Fever
153 58.08 19.26 77.34 Fever
154 26.31 13.24 39.55 Fever
155 21.33 9.08 30.41 Fever
156 26.72 13.27 39.99 Fever
157 22.89 11.44 34.33 Fever
159 24.16 16.97 41.12 Fever
160 6.35 14.94 21.29 Fever
161 22.53 0.92 23.45 Hannah
162 5.28 2.36 7.64 Hannah
163 24.84 10.80 35.63 Hannah
164 30.75 11.00 41.75 Hannah
165 55.08 14.38 69.46 Hannah
166 73.22 17.06 90.28 Hannah
168 117.10 5.58 122.67 Hannah
169 198.08 2.10 200.18 Hannah
170 20.55 8.79 29.34 Hannah
171 29.72 18.48 48.20 W Cemetery
172 23.66 20.13 43.79 Fever
173 54.07 52.68 106.75 Fever
174 37.45 29.86 67.31 Fever
175 41.83 18.55 60.38 W Cemetery
176 23.61 11.66 35.27 Fever
177 45.16 27.48 72.65 Fever
178 10.88 14.78 25.66 Whatcom 1
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Pervious Impervious

Subbasin Acres Acres Total Acres | Drains to:
179 13.11 28.22 41.34 Whatcom 2
180 36.93 34.84 71.78 Whatcom 3
181 6.36 21.73 28.09 Whatcom 3
182 6.72 9.55 16.28 Whatcom 3
183 26.15 92.97 119.12 Fever
184 12.07 22.39 34.47 Whatcom 4
185 20.52 16.85 37.37 Fever
188 61.49 19.48 80.97 Fever
189 32.58 15.69 48.28 Fever
190 11.65 6.77 18.42 Fever
191 43.61 29.32 72.94 Fever
192 44,53 39.41 83.94 Whatcom 2
193 22.07 24.05 46.12 Whatcom 3
194 7.17 414 11.31 Lincoln
195 36.36 24.08 60.44 Lincoln
196 16.39 10.17 26.56 Lincoln
197 38.82 23.58 62.39 W Cemetery
198 49.16 21.45 70.61 W Cemetery
199 28.22 14.15 42.37 W Cemetery
200 49.76 28.47 78.23 E Cemetery
201 13.45 5.37 18.82 E Cemetery
203 18.98 10.11 29.10 Hannah
Total 3,712.88 2,180.24 5,893.12 Whatcom
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Figure 14. Whatcom Creek Subbasins
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The City GIS did not contain any open channel information for Whatcom Creek or its
tributaries. The City provided cross section data for the lower reaches of Whatcom Creek
from previous studies. These cross sections were used to define the lower seven reaches
of Whatcom Creek. Data for the upper two reaches of Whatcom Creek and the stream
cross sections for Hannah, Cemetery, Lincoln, and Fever creeks were gathered in a field
survey of the streams by CCS staff in May 2006. This information was then used in the
WWHM3 Whatcom Creek model.

As previously mentioned, the purpose of the calibration was to determine appropriate
HSPF PERLND parameter values to accurately represent the Whatcom Creek drainage
area hydrology in WWHM3. As a result, the complex hydraulic conveyance systems
represented in the WWHM3 SWMM element were not included in the calibration
process. They were later used to identify stormwater problems in the city and they are
included in the completed WWHM3 package provided to the City of Bellingham.

Table 12 shows the simplified conveyance system used in the Whatcom Creek calibration
and Figure 15 shows their representation in WWHM3.

Table 12. Whatcom Creek Conveyance System

Stream Reach Upstream End Flows to
Whatcom 9 Derby Pond 8
Whatcom 8 9 7
Whatcom 7 8 6
Whatcom 6 7 5
Whatcom 5 6 4
Whatcom 4 5 3
Whatcom 3 4 2
Whatcom 2 3 1
Whatcom 1 2 Dupont Gage
Hannah Whatcom 7
East Cemetery Cemetery
West Cemetery Cemetery
Cemetery East Cemetery, West Cemetery Whatcom 5
Lincoln Whatcom 4
Fever Whatcom 4
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Figure 15. Whatcom Creek Subbasin and Conveyance Linkages

Simulated and observed hourly streamflow were compared at the Dupont Street gage near
the mouth of Whatcom Creek.

Because the Whatcom Creek simulated flows include the upstream Whatcom Creek
inflow from Lake Whatcom, measured at Derby Pond, a comparison of the upstream
Derby Pond inflow and the downstream observed flow at Dupont Street is important.
Figure 16 shows the two streamflow time series.
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Figure 16. Comparison of Whatcom Creek Observed Inflow and Outflow

As can be seen from Figure 16, the two observed streamflow time series match fairly
closely, especially in the winter months. This means that Lake Whatcom is providing
most of the flow in Whatcom Creek most of the time. The exceptions are the small peak
events that are caused by the flow into Whatcom Creek from the four tributaries (Hannah,
Cemetery, Lincoln, and Fever) between the two Whatcom gages. The Whatcom Creek
calibration focused on matching these small peak events.
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Figure 17. Comparison of Whatcom Creek Observed and Simulated Flow at Dupont
Street

Figure 17 shows the same time period as Figure 16, but with the WWHM3 simulated
streamflow added. The red (simulated flow) line matches well with the blue (observed
flow) line. But, as discussed above, it is important to look at individual small peak
events.

Figures 18 through 22 compare the simulated and observed hydrographs at Dupont Street
for these small peak events.

51



City of Bellingham Comprehensive Stormwater Plan December 2007

200 T T T T T

—— 0BS5S FLOW AT DUPOHT ST
160 - s FLOW AT DUPONT 5T -

—
b
[ ]

FLOW (CF3)
]
]

40

I:l 1 1 1 1 1
5 10 15 20 a5 a0
HOWEMEEE. 2002
TIME, T A% S

Onabeeiz Plot for HOUERLY MEAH FLOW
WHAT COM CEEEE

Figure 18. Whatcom Creek (November 2002)

In Figure 18 the observed base flow at the start of November is much higher than the
simulated flow (and the Derby Pond inflow). There is an inconsistency between the
observed Derby Pond inflow (shown in green) from Lake Whatcom to Whatcom Creek
and the observed Whatcom Creek streamflow at Dupont Street. During dry periods when
there is little or no inflow from the Whatcom Creek tributaries (Hannah, Cemetery,
Fever, and Lincoln) the downstream flow at Dupont Street should be very close to the
upstream inflow at Derby Pond. That should have been true for early November.
However, as shown in Figure 18, that is not the case and one or the other of the two gage
records must be in error. The error may be in either the observed flow at Derby Pond or
the observed flow at Dupont Street. Without looking at the original records and knowing
the details of how the lake outlet was managed in October and November 2002 it is
impossible to identify which of the two observed flow records contains the error. In
terms of the calibration of the Whatcom Creek model it is not important to determine the
source of the error. What is important is that once the autumn rains start the simulated
peaks match well the observed peaks. This is especially true for the 19 November 2002
peak event. The 19 November 2002 peak flow is produced from the runoff from the
tributaries (Hannah, Cemetery, Fever, and Lincoln) and it is for the hydrology of their
drainage areas that we are calibrating the model.
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Figure 19. Whatcom Creek (December 2002)

December 2002 (Figure 19) shows a relatively constant flow from Lake Whatcom and a
good match of the simulated and observed flows for seven small peak events during the

month.
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Figure 20. Whatcom Creek (February 2003)

Following high flows from Lake Whatcom in January 2003 there is a good match of the
small peaks on 16 February and 20 February 2003 (Figure 20).
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Figure 21. Whatcom Creek (October 2003)

October 2003 (Figure 21) is a good example of a month in which there is a large increase
in the discharge from Lake Whatcom (from almost zero to 480 cfs) and yet the small
peak events created by the flows from Hannah, Cemetery, Lincoln, and Fever can still be
identified. The simulated and observed small peaks match well.

55



City of Bellingham Comprehensive Stormwater Plan December 2007

4[”:' T T T T T T T
—— OBS FLOW AT DUPOHT ST
330 -—— S FLOW AT DUPONT 5T -
o0 |- -
[
=
=
E 160 —
I:l 1 1 1 1 1 1 1
20 22 4 26

28 a0
LAY 2004
TIME, T A% S

Onabeeiz Plot for HOUERLY MEAH FLOW
WHAT COM CEEEE

Figure 22. Whatcom Creek (May 2004)

The small peaks of May 2004 (Figure 22) show another period where there is a good
calibration match. The flow from Lake Whatcom is constant. The peaks are produced by
the runoff from the Whatcom Creek tributary area (Hannah, Cemetery, Lincoln, and
Fever drainages) between the two gage sites and match well.

The Whatcom Creek calibrated hydrologic parameter values differ from the Silver Beach
Creek calibrated values. The calibration was initiated using the Silver Beach Creek
values. These values were found to produce too large peak events when compared to the
observed Whatcom Creek flows at Dupont Street. The WWHM3 regional values were
used in the calibration and they produced the best simulated peak flows.

The Whatcom Creek HSPF calibration parameter values were then used for the entire
City of Bellingham because they are more representative of the entire city’s drainage area
than those of the much smaller Silver Beach Creek drainage area.

Erosive Flow Analysis

The Department of Ecology bases its NPDES permit flow control standard (Minimum
Requirement #7) on the range of erosive flows in Western Washington streams. Based
on work done at the University of Washington by Booth and Jackson (1997), it was found
that the typical range of erosive flows in Western Washington streams is from half of the
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2-year peak flow to the full 50-year peak flow. This standard erosive flow range is the
basis for Ecology’s Minimum Requirement #7.

Local municipalities have the option of conducting watershed-specific erosive flow
analysis to replace Ecology’s standard erosive flow range. As part of this plan, this
erosive flow analysis was done for Whatcom Creek by Parametrix in October 2007. The
analysis focused on determining the flow at which erosion/scour of the stream channel
bedload begins.

The Wolman pebble count field survey procedure was used at three locations in
Whatcom Creek to provide the data needed to compute minimum scour flow. The
median diameter of at least 100 pebbles was measured and recorded in the field at each
site. All streams were sampled in riffles. Field samples from Whatcom Creek were by
collected by Parametrix and City of Bellingham staff. Channel slope and cross section
information were not surveyed at the time of the pebble count. Channel width and slope
were estimated in the field based on visual observations.
Pebble counts were performed at the following locations:

Falls Park Reach — Site 1

Redtail Reach — Sites 1 through 4

Salmon Park Reach — Site 1

The pebble count data was analyzed using the Bathurst Equation to estimate the stream
discharge that would trigger bedload movement (Bathurst et al 1987).

Dyy = 3.45%8%77%(SF*q.) /g
where:
Dg4 = median particle diameter (ft) of the 84th percentile sediment particle
S = channel slope
SF = safety factor = 1.25
qc = critical discharge rate (cfs/ft), and
g = gravity (ft/s)

This equation was selected because it is appropriate to predict the critical unit discharge
for the threshold of sediment in coarse, heterogeneous channels. Field data was also
analyzed to estimate critical shear stress, which is the point at which sediment begins to
move, using the equation (WDFW 2003):
Ter = 4 x D50
where:
Dso = median particle diameter (ft) of the 50th percentile sediment particle

4 = constant based on a critical dimensionless shear stress of approximately
0.039 (WDFW 2003).

Table 13 summarizes the results of the analysis and the predicted flow for the threshold
of bedload movement and the critical shear stress. As noted above, because such a large
percentage of the particles sampled at the Falls Park reach were bedrock, the actual
critical discharge rate may be underestimated. In addition, because the cross sectional
geometry and slope were not surveyed in the field, the results are provided for a range of
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conditions estimated based on field observations. The results are provided for a slope
ranging from 0.01 to 0.03 (Table 13).

Table 13. Whatcom Creek Minimum Erosive Flow (Bathurst Equation)

Estimated Discharge at incipient point
of sediment motion (cfs)

Site Slope =0.03 Slope = 0.01 Ter
Falls Park Reach Site 1 29.5 101.1 0.83
Redtail Reach Site 1 2.4 8.2 0.45
Redtail Reach Site 2 3.9 13.3 0.60
Redtail Reach Site 3 3.6 12.4 0.52
Redtail Reach Site 4 6.3 215 0.88
Salmon Park Reach Site 1 4.1 14.2 0.59

These results can be refined if cross sectional geometry and slope are surveyed. In
general, the flows in Table 13 should roughly correspond to the bankfull discharge rate.
Based on numerous geomorphic studies performed on a variety of streams, bankfull
discharge generally corresponds to a flow rate with a return frequency of slightly less
than the 2-year return frequency flow.

In addition, if the channel cross sectional geometry and slope are surveyed the hydraulic
radius can be determined and the maximum shear stress in the channel can be calculated.
This can be compared to the critical shear stress (Table 13) and the stability of the stream
can be estimated. In addition, if the channel geometry is know then depth and
corresponding flow for the point when the critical shear stress equals the maximum shear
stress, which is the point at which bedload becomes mobile.

The pebble count analysis shows that erosive flows in Whatcom Creek general start in the
flow range of 10-30 cfs. The general assumption is that these flows should roughly
correspond to bankfull flow which generally corresponds to a flow rate with a return
frequency of slightly less than the 2-year return frequency flow.

The question is then: How do these flows compare with 50% of the 2-year Whatcom
Creek peak flow computed by WWHM3? There is no easy answer to this question.

Flood frequency is computed in WWHM3 using a Log Pearson Type III statistical
distribution of annual peak flow values. Typically, 40-50 years of simulated streamflow
is needed to produce a statistically-valid flood frequency distribution and compute the 2-
year peak flow value. To compute the 2-year Whatcom Creek peak flow at any location
from the lake outlet to the bay requires that we model a 40- to 50-year time period.
Currently we do not have the Whatcom Lake outlet flow data to model this long of a time
period.

The appropriate way to model Whatcom Creek for a 40 to 50-year time period is to not
only model Whatcom Creek but to also model the entire Whatcom Lake drainage.
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However, due to budget considerations, modeling the entire Whatcom Lake drainage was
outside of the scope of this project.

Modeling the entire Whatcom Lake drainage area would involve collecting land use, soil,
and vegetation data on the entire area that drains into the lake and adding to the model
long-term precipitation records for the lake drainage. Additional information needed to
model the lake and its outlet is the city’s management of the flows out of the lake. The
lake stage-discharge relationship is changed seasonally by changing the weir at the outlet
of the lake. This seasonally changing relationship would also have to added to the
Whatcom Lake-Whatcom Creek model. With all of the above information in the model it
would then be possible to continuously model the lake discharge and Whatcom Creek
flows for a 40 to 50-year time period. With the 40 to 50-year Whatcom Creek simulated
streamflow record the 2-year frequency flow can be calculated and the 50% value
compared with the field erosive flow analysis.

Parametrix also conducted an erosive flow analysis of Whatcom Creek tributaries
(Hannah, Lincoln. Fever, and Cemetery) in March 2006. The selected pebble count field
sites were:
Site 1. Hannah Creek — samples collected approximately ten yards upstream of
culvert under the trail from the water plant.
Site 2. Hannah Creek — samples collected approximately sixty yards downstream
of culvert under trail from water plant.
Site 3. Lincoln Creek — samples collected at the edge of youth baseball field
located east of I-5 and east of intersection of Frazer Street and Monroe
Street.
Site 4. Fever Creek — samples collected in Roosevelt Park, approximately forty
yards upstream of the park footbridge.
Site 5. Cemetery Creek — samples collected downstream of the power line right-
of-way at the south end of Kenover Street; approximately sixty yards
downstream of power line culvert.

The erosive flow results are shown in Table 14.

Table 14. Whatcom Creek Tributaries Minimum Erosive Flow (Bathurst Equation)

Estimated Discharge at incipient Oer
point of sediment motion (cfs)

Site Stream Slope = 0.01 Slope =0.02 Low High

Width (ft) Low D34 ngh D34 D50 D50

Site 1. Hannah Creek 10 6.8 24.9 0.10 0.15
Site 2: Hannah Creek 10 6.8 24.9 0.10 0.15
Site 3: Lincoln Creek 6 1.4 5.3 0.05 0.07
Site 4: Fever Creek 12 4.9 17.8 0.07 0.10
Site 5: Cemetery Creek 15 48.3 182.3 0.30 0.42

There is a large range of minimum erosive flows for each tributary stream. No attempt
was made to try to correlate these flow values to Ecology’s 50% of the 2-year flow at
these sites. Additional field and modeling work is required to accurately relate these flow
values to the model results.
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STORMWATER MODELING

With WWHM3’s HSPF parameter values based on the calibration efforts described
above, the stormwater modeling of the six watersheds progressed. The stormwater
modeling of each watershed included the computation of runoff based on each subbasin’s
hydrology and conveyance systems.

Subbasin pervious land areas (PERLNDs) and impervious areas (IMPLNDs) were based
on the land use categories described in the Land Use section. Each individual PERLND
and IMPLND produced runoff based on its unique hydrologic characteristics. This
runoff was summed for each subbasin and routed through the subbasin’s conveyance
system (the drainage system of pipes, culverts, and open channels).

City of Bellingham GIS conveyance system data were used where possible. Missing or
incomplete GIS conveyance system data were filled based on adjacent data. GIS
conveyance system data were available for the most or parts of the Whatcom Creek
watershed, Squalicum Creek watershed, and Silver Creek watershed. No GIS
conveyance system data were available for the Padden Creek watershed, Chuckanut
Creek watershed, or the Silver Beach Creek watershed. For these watersheds conveyance
system data were based on previous Waterworks models and/or other data provided by
city staff.

Stormwater runoff routing through the conveyance systems was computed using HSPF
RCHRES for open channel and culvert conveyance systems and PCSWMM Transport for
stormwater pipe conveyance systems. Both routing options are available in WWHM3
PRO SWMM edition.

The WWHM3 model was used for the following purposes:
e To provide data to analyze stormwater problems
e To evaluate the effectiveness of alternative solutions to reduce stormwater

flooding

Modeled stormwater runoff data were used to identify locations where the stormwater
conveyance system is undersized and at risk of failure.
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STORMWATER DRAINAGE ANALYSIS

The stormwater drainage analysis was conducted using the Stormwater Management
Model (SWMM) module of the WWHM3 software. The hydrology for each basin was
established as described earlier in the computer model methodology section. After the
basin hydrology was analyzed, a conveyance system was developed for the SWMM
module. Conveyance system data were drawn from various sources and are described in
more detail in the following basin-specific sections.

Generally, after the conveyance network was developed and model calibration parameter
values were established, an initial model analysis was performed to identify surcharging
pipes and culverts throughout the network. SWMM’s automatic pipe resizing routine
was then used to increase the pipe diameter in the vicinity of the surcharging pipes
identified during the initial model analysis. This routine provides required conveyance
capacity through the system by increasing the capacity of all pipes that would be affected
by an increase in downstream flow resulting from improved upstream conveyance
capacity. The resizing routine uses an iterative process, incrementally increasing
conveyance sizes, until flow is conveyed without surcharging. This routine solves the
problem of resizing a single pipe only to shift a flooding problem downstream. The
model-identified problems (i.e., surcharging pipes) and potential solutions (increased pipe
diameters) are summarized for each basin in the following sections. Detailed problem
identification and solution information is presented in Appendix A.

The automatic pipe resizing routine also includes conveyance capacities of open
channels. To use this routine for an open channel, the SWMM module first converts the
open channel to an equivalent capacity pipe diameter. Locations of open channels are
shown on the basin maps and can be found in Appendix A where the model indicates the
pipe diameter was increased to a large diameter, such as 8.5 or 11.0 feet.

Cost opinions for capital improvement projects have been prepared for the Whatcom
Creek Study Area, only (Appendix B). As discussed in the computer model methodology
section, GIS data were most readily available for the Whatcom Creek Study Area, but not
available for much of the drainage area outside of that area. Therefore, model results
identifying system deficiencies are more reliable for the Whatcom Creek Study Area than
for the other study areas. However, even within the Whatcom Creek Study Area, GIS
data were not available for portions of the existing conveyance system and had to be
interpolated as discussed earlier in this report. With the available conveyance system
data, model results in other study areas are considered conceptual and intended for
planning-level decisions only.

These results for the other study areas are not considered detailed enough to generate
reliable cost opinions at this time. Cost opinions for capital improvement projects in
these other study areas can be prepared in the future as additional system data are
acquired and the model is updated.
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The City of Bellingham will be using the conveyance system sizing information
presented in this plan to identify specific projects for in-depth study prior to design and
construction.

No attempt was made to try to compare the WWHM3 HSPF and SWMM-produced flow
results with the 1995 Waterworks-produce flow values. This is because the two studies
use completely different meteorological input to compute runoff. Waterworks, a single-
event model, uses hypothetical storm events to compute runoff. For example, a 2-year
storm with a total 24-hour rainfall volume of 1.8 inches was used to compute the 2-year
peak flow at numerous locations along the Bellingham streams. WWHM3, an HSPF-
based continuous simulation model, used the historic City of Bellingham precipitation to
compute runoff. The historic precipitation record does not contain a hypothetical 2-year
storm event (or any hypothetical storm event). It contains only actual measured rainfall.
And, so, rather than try to match or compare the results of two different methodologies
our modeling focused on identifying locations in the stormwater conveyance systems
where the historic precipitation produced simulated historic runoff that exceeded the
capacity of the conveyance facility (pipe, culvert, etc.). This information was reported in
the stormwater drainage analysis problem identification discussions presented below.

As per city staff instructions, the following stormwater drainage analysis results are

presented from north to south (Silver, Squalicum, Silver Beach Creek, Whatcom, Padden,
and Chuckanut).
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SILVER CREEK STUDY AREA

The Silver Creek study area is approximately 10,419 acres (see Table 15), and averages
28% impervious area. The Silver Creek watershed is located north and west of the
Squalicum Creek watershed and drains outside of the City of Bellingham to the
Nooksack River.

Silver

Conveyance in the model for the Silver Creek Study Area consisted primarily of the
existing stream network. The previous WaterWorks modeling analysis did not include
Silver Creek. GIS conveyance data also were not available for this study area. The
stream network was established in the WWHM3/SWMM model using stream alignment
data from the City’s GIS. Slopes for these stream reaches were estimated from area
topography, and generalized assumptions were input for stream cross-sectional geometry.

Table 15. Silver Creek Study Area

Pervious Impervious
Subbasin (ac) (ac) Total (ac)
SV501 222.41 141.82 364.23
SV502 51.48 17.84 69.32
SV503 4.76 8.27 13.02
SV504 27.07 3.75 30.82
SV505 19.07 9.44 28.50
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Pervious Impervious
Subbasin (ac) (ac) Total (ac)

SV507 5.25 3.06 8.31
SV508 4.97 1.40 6.36
SV509 12.95 20.02 32.97
SV510 34.88 25.84 60.73
SV511 17.64 14.62 32.26
SV512 15.02 28.92 43.95
SV513 36.92 42.95 79.86
SV514 5.10 12.33 17.43
SV515 25.73 20.00 45.73
SV516 26.97 10.17 37.13
SV518 31.42 34.82 66.25
SV520 60.87 20.02 80.89
SV521 3337.02 1196.13 4533.15
SV522 580.59 479.89 1060.48
SV523 2848.12 640.44 3488.56
SVv524 174.74 143.86 318.61
TOTAL 7542.99 2875.58 10418.58

December 2007

See separate Sheet 1 for location of subbasins.

The Silver Creek watershed was not included in the 1995 study and, therefore, less is
known about its stream corridor, wetlands, fisheries, and water quality. That said, it is
expected that the Silver Creek drainage is similar in nature to the other Bellingham
watersheds, especially nearby Baker Creek and Squalicum Creek.

All three of the above-named streams originate in the rural outskirts of the City of
Bellingham. In all three drainages there has been and continues to be a transformation of
the land surface from forestry and agriculture to residential and commercial. With these
land transformations come associated stormwater runoff problems and solutions.

These stormwater runoff problems affect the Silver Creek wetlands, fisheries, and water
quality. As most of the land development has been relatively recent, damage to Silver
Creek and its stream corridor is relatively minor. However, future development pressures
can and will change this situation and will lead to additional stream degradation unless
proper mitigation measures are required.

Silver Creek, being relative rural in character, has water quality problems associated with
rural areas. Manure runoff from agricultural operations is a significant source of
nonpoint pollution entering Silver Creek and its tributaries. Automobile-related pollutants
from roads together with fertilizers and herbicides from lawns are the most likely
nonpoint source pollutants entering the suburban portions of Silver Creek.

Most of the growth anticipated for the Silver Creek study area is expected to be a mixture

of commercial, industrial, and residential. Nonpoint source pollution will increase.
Water quality mitigation must provide biofiltration and stormwater detention from these
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developments to provide opportunities for sediment capture, suspended soils filtration,
and biological uptake of fertilizers, herbicides, and organic pollutants.

Public environmental education is another way to reduce the impacts of new (and
existing) development on water quality. Key needs include proper application of yard
and garden fertilizers, fencing livestock out of stream corridors, use of native plants in
landscaping, and proper disposal and recycling of household wastes (including soapy
water, oils, anti-freeze, cleaners, etc.).

Problem ldentification

As previously discussed, after the conveyance network was developed within the model,
an initial model analysis was performed to identify any surcharging within the network.
Locations of model-identified problems are summarized in Table 16. Detailed problem
identification is presented in Appendix A.

Solutions

Following initial problem identification, SWMM’s automatic pipe resizing routine was
used to increase pipe diameters in the vicinity of the surcharging pipes identified during
the initial model analysis. Quantities of potential pipe diameters to be increased are
summarized in Table 16. Detailed solution information is presented in Appendix A.

Table 16. Silver Creek Model Results

Basin Improvement Project Group Pipe Upgrade
Quantity

(linear feet)

Silver Culverts, storm drains 1,300
Total 1,300

Cost Estimate

As previously discussed, GIS data for the existing system were not available for this
basin. Therefore, model results provide valid stream flow values for planning purposes,
but are not considered detailed enough to generate reliable cost opinions for this basin. A
cost opinion for capital improvement projects in this basin will be prepared in the future
by others as additional system data are acquired and the model is updated.
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SQUALICUM CREEK STUDY AREA

The Squalicum Creek study area is approximately 15,120 acres (see Table 17), and
averages 20% impervious area. The Squalicum Creek watershed is located north of the
Whatcom Creek watershed and drains to Bellingham Bay.

1 - Culvert
£y, 13- Chancal

Squalicum

Table 17. Squalicum Creek Study Area

Subbasin | Pervious (ac) | Impervious (ac) Total (ac)
SC401 91.25 77.67 168.92
SC402 75.25 16.87 92.12
SC403 90.09 19.79 109.88
SC404 24477 132.50 377.27
SC405 51.71 49.97 101.68
SC406 32.80 25.06 57.86
SC407 16.80 41.07 57.87
SC408 11.76 24.94 36.70
SC409 31.02 38.92 69.94
SC410 28.29 31.48 59.77
SC411 96.72 86.15 182.87
SC412 100.28 71.61 171.89
SC413 25.77 55.73 81.50
SC414 13.92 51.54 65.45
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Subbasin | Pervious (ac) | Impervious (ac) Total (ac)
SC415 71.56 96.58 168.14
SC416 62.14 21.89 84.03
SC417 12.48 39.45 51.93
SC418 122.02 84.37 206.39
SC419 213.21 31.62 244.83
SC420 158.14 52.81 210.95
SC421 1626.91 241.92 1868.83
SC422 42.34 88.62 130.96
SC423 66.49 28.82 95.31
SC424 209.90 82.92 292.82
SC425 203.70 75.01 278.71
SC426 820.44 91.28 911.72
SC427 589.17 128.49 717.66
SC428 505.68 56.78 562.46
SC429 5041.76 563.14 5604.90
SC430 43.57 24.86 68.43
SC431 118.24 20.96 139.20
SC432 119.37 35.69 155.06
SC433 9.28 44.55 53.83
SC434 23.78 14.42 38.19
SC435 50.63 38.46 89.09
SC436 16.35 45.92 62.27
SC437 13.49 11.70 25.19
SC438 9.07 28.19 37.26
SC439 6.63 28.86 35.49
SC440 12.35 29.24 41.59
SC441 36.02 6.43 42.45
SC442 226.70 41.11 267.81
SC443 17.17 16.38 33.55
SC444 6.49 25.94 32.43
SC445 6.58 15.30 21.89
SC446 34.72 4.62 39.34
SC447 20.00 5.52 25.52
SC448 21.31 12.30 33.61
SC449 44.75 8.56 53.31
SC450 5.62 12.97 18.59
SC451 9.22 12.09 21.31
SC452 37.59 9.33 46.91
SC453 73.45 16.16 89.61
SC454 17.51 7.21 24.72
SC455 10.00 16.24 26.25
SC456 47.25 18.59 65.83
SC457 20.48 82.80 103.28
SC458 308.48 56.15 364.63
TOTAL 12022.47 3097.53 15120.00

See separate Sheet 2 for location of subbasins.
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Most of the Squalicum watershed is located outside of the city limits and is forested or
developed in low density residential or agricultural land use. Within the City of
Bellingham there is high density development west of [-5 and along Guide Meridian.
Established residential neighborhoods are found in the downstream subbasins near the
bay.

The watershed is drained primarily by the main stem of Squalicum Creek and two major
tributaries: Baker Creek and Spring Creek. Most drainage features consist of streams and
culverts, with pipes and ditches in the more heavily developed southwest/downstream
subbasins.

The 1995 study did not investigate any inventoried wetlands along the main stem of
Squalicum Creek. However, a 1992 report by R.W. Beck noted that,

The portion of Squalicum Creek drainage basin between Guide Meridian Street and
Hannegan Street to the east is dominated by a complex system of wetlands. Wetland
habitats presently range from open water (Bug Lake and Sunset Pond) to mature forested
wetlands. Emergent wetlands primarily exist in the eastern portion of this area. Due to
their size, frequency, and hydrologic association with (and proximity to) Squalicum
Creek and the two ponds, the numerous individual areas of wetland in the study area
could be considered all parts of a single, large wetland system. Potential impacts to
wetlands in this portion of the Squalicum Creek basin could result in future adjacent land
development which could affect wetland hydrologic regimes. Regulatory mechanisms
currently exist to protect these wetlands from filling, and then exists good opportunity for
restoration and enhancement of previously impacted, or currently grazed, wetland areas.

The lower portion of Squalicum Creek has been impacted by adjacent development of
moderate density. The stream has riprapped banks and substantial industrial and
commercial development nearby.

Farther upstream Squalicum Creek is less heavily impacted by adjacent development.
The riparian corridor consists of immature forest vegetation and some development
encroachment.

Between Guide Meridian and Hannegan Street Squalicum Creek lies in a relatively flat-
bottomed valley. The creek flows through a single contained channel. However, there
are several locations where the stream becomes heavily braided and may flow
underground. Along this stretch two major tributaries enter Squalicum Creek: North
Fork Squalicum Creek and Tributary W.

Squalicum Creek is barrier-free to salmon passage for most of its distance within the city
limits. Coho and chum salmon utilize Squalicum Creek from Bellingham Bay to
Hannegan Road. Problem passage sites identified in the 1992 Beck study consist of (1) a
footpath in Cornwall Park upstream of Guide Meridian, (2) underground channel
upstream of Bug Lake, (3) entering the I-5 culverts, and (4) heavily braided channel
between I-5 and Bug Lake and upstream of Sunset Pond.
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The lower reaches of Squalicum Creek suffer from nonpoint source pollution due to the
proximity of residential and commercial development and runoff from the I-5 corridor.
Automobile-related pollutants from roads and parking areas together with fertilizers and
herbicides from lawns are the most likely nonpoint source pollutants entering Squalicum
Creek.

The 1995 study reported that most of the growth anticipated for the Squalicum Creek
study area is expected to be a mixture of commercial, industrial, and residential.
Nonpoint source pollution will increase. Water quality mitigation must provide
biofiltration and stormwater detention from these developments to provide opportunities
for sediment capture, suspended soils filtration, and biological uptake of fertilizers and
herbicides.

Public environmental education is another way to reduce the impacts of new (and
existing) development on water quality. Key needs include proper application of yard
and garden fertilizers, use of native plants in landscaping, and proper disposal and
recycling of household wastes (including soapy water, oils, anti-freeze, cleaners, etc.).

Problem lIdentification

As previously discussed, after the conveyance network was developed within the model,
an initial model analysis was performed to identify any surcharging pipes within the
network. Locations of model-identified problems (surcharging pipes) are summarized in
Table 18. Detailed problem identification is presented in Appendix A.

Solutions

Following initial problem identification, SWMM’s automatic pipe resizing routine was
used to increase pipe diameters in the vicinity of the surcharging pipes identified during
the initial model analysis. Quantities of potential pipes to be replaced with larger
diameter pipes are summarized in Table 18. Detailed solution information is presented in
Appendix A.

Table 18. Squalicum Creek Model Results

Pipe Upgrade
Subbasin Improvement Project Group Quantity
(linear feet)

Squalicum Culverts, storm drains 2,000
Baker and Spring Culverts, storm drains 3,650
Total 5,650

Cost Estimate

As previously discussed, GIS data for the existing system were not available for this
basin. Therefore, model results identifying system deficiencies are conceptual and
intended for planning-level decision-making only. With the available conveyance system
data, model results are not considered detailed enough to generate reliable cost opinions
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for this basin. A cost opinion for capital improvement projects in this basin will be
prepared in the future by others as additional system data are acquired and the model is
updated.

Baker Creek Study Area

Within the Squalicum Creek watershed the Baker Creek study area is a major tributary,
draining the northern portion of the watershed. The Baker Creek basin is adjacent to and
primarily north of Interstate 5. The southern and western portions of the basin along I-5
and Guide Meridian are generally covered by commercial land uses, except for the
drainage area immediately downstream of I-5 that is within the Bellingham Golf and
Country Club property. The eastern and northern portions are primarily residential. The
headwaters have minimal development.

Baker /5. = e 5 T
The drainage system is a mixture of natural stream channels, ditches, and pipes.

The 1995 study identified nine major wetlands in the Baker Creek drainage. In general,
these wetlands were situated in low, seasonally saturated bottomlands and were
hydrologically connected to Baker Creek or its tributaries. Most of the wetlands were
characterized by mixtures of forest and scrub-scrub vegetation. Other areas had wet
meadow/pasture grass vegetation.
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The 1995 study found a low to moderate degree of disturbance resulting from adjacent
agricultural and residential. In places, culverts and channelization have modified the
natural water course. Minimal development has occurred in the riparian corridor and the
potential for nonpoint source pollution problems appears to be low.

Baker Creek has a barrier to fish passage a short distance upstream of its confluence with
Squalicum Creek. The culvert under Birchwood Avenue blocks upstream salmon
migration.

The lower reaches of Baker Creek suffer from nonpoint source pollution due to the
proximity of commercial development and runoff from the I-5 and Guide Meridian
corridors. Automobile-related pollutants from roads and parking areas together with
fertilizers and herbicides from lawns are the most likely nonpoint source pollutants
entering lower Baker Creek. Upstream, manure runoff from agricultural operations is a
significant source of nonpoint pollution entering Baker and its tributaries.

The 1995 study reported that most of the growth anticipated for the Baker Creek study
area is expected to be a mixture of commercial, industrial, and residential. Nonpoint
source pollution will increase. Water quality mitigation must provide biofiltration and
stormwater detention from these developments to provide opportunities for sediment
capture, suspended soils filtration, and biological uptake of fertilizers and herbicides.

Public environmental education is another way to reduce the impacts of new (and
existing) development on water quality. Key needs include proper application of yard
and garden fertilizers, use of native plants in landscaping, and proper disposal and
recycling of household wastes (including soapy water, oils, anti-freeze, cleaners, etc.).

Baker Creek problem identification is included in the Squalicum Study Area presentation
above.
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SILVER BEACH CREEK STUDY AREA

The Silver Beach Creek watershed is approximately 714 acres (see Table 19), and
averages 19% impervious area. Silver Beach Creek is located at the north end of Lake
Whatcom and drains into the lake.
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A number of the Silver Beach subbasins drain directly into Lake Whatcom and do not
contribute to the Silver Beach Creek streamflow. For convenience and completion of the
City of Bellingham drainages, they are included in the Silver Beach study area discussion
and modeling.

The subbasins listed below in Table 19 contribute directly to the Silver Beach Creek
streamflow.
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Table 19. Silver Beach Creek Study Area

Pervious Impervious
Subbasin (ac) (ac) Total (ac)
Sv101 350.62 62.27 412.88
SV103 53.31 18.27 71.58
SV102 104.17 19.10 123.28
SV104 64.54 29.37 93.90
SV105 8.11 4.13 12.24
TOTAL 580.74 133.14 713.88

See separate Sheet 3 for location of subbasins.

Problem lIdentification

For the Silver Beach Creek Study Area, after the conveyance network was developed
within the model, an initial model analysis was performed to identify any surcharging
pipes within the network. However, given the limited conveyance system information
available, model results were not considered conclusive. Future model analysis is
recommended when more detailed conveyance system data become available.

Solutions

Since problem identification model results for the Silver Beach Creek Study Area were
not considered conclusive, potential solutions have been deferred to future model analysis
when more detailed conveyance system data become available.

Cost Estimate

Model results identifying system deficiencies are conceptual and intended for planning-
level decisions only. With the available conveyance system data, model results are not
considered detailed enough to generate reliable cost opinions for this study area. A cost
opinion for capital improvement projects in this basin will be prepared in the future by
others as additional system data are acquired and the model is updated.
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WHATCOM CREEK WATERSHED

The Whatcom Creek watershed extends from Lake Whatcom westward to Bellingham
Bay. It includes most of downtown Bellingham and associated industrial and residential
drainage basins draining to Whatcom Creek. Whatcom Creek’s four major drainage
basins are Fever Creek on the north side of Whatcom Creek and Hannah Creek,
Cemetery Creek, and Lincoln Creek, all on the south side. Direct drainage to Whatcom
Creek is also included.

The entire Whatcom Creek study area is approximately 5922 acres (see Table 20) and
averages 30% impervious area. The northern portion is zoned primarily for industrial

uses. Much of the remainder is high density residential.

Table 20. Whatcom Creek Study Area

Subbasin | Pervious (ac) | Impervious (ac) Total (ac)
WC101 33.66 55.22 88.88
WC102 85.65 18.03 103.68
WC103 25.83 16.20 42.03
WC104 78.71 23.49 102.20
WC105 15.22 24.05 39.28
WC106 22.02 14.25 36.27
WC107 32.15 20.78 52.93
WC108 25.60 9.42 35.02
WC109 21.11 25.17 46.28
WC110 45.25 25.61 70.86
WC111 13.18 17.99 31.17
WC112 8.15 31.54 39.69
WC113 40.54 9.20 49.74
WC114 6.36 13.30 19.66
WC115 50.57 571 56.28
WC116 3.19 7.70 10.89
WC117 13.41 4.48 17.89
WC118 23.05 1.36 24.42
WC119 21.10 5.14 26.24
WC120 88.20 2.15 90.35
WC121 45.90 13.63 59.53
WC122 4.80 17.50 22.29
WC123 4.80 24.91 29.71
WC124 11.84 27.82 39.67
WC125 142.85 28.32 171.17
WC126 26.09 11.42 37.51
WC127 8.64 32.18 40.82
WC128 487.34 60.01 547.35
WC129 109.06 18.40 127.45
WC130 3.93 20.61 24.54
WC131 61.95 46.30 108.25
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Subbasin | Pervious (ac) | Impervious (ac) Total (ac)
WC132 1.60 5.71 7.31
WC133 25.73 4.89 30.62
WC134 22.39 33.48 55.87
WC135 62.65 10.08 72.73
WC136 15.14 4,94 20.08
WC137 23.87 6.76 30.62
WC138 57.32 14.02 71.34
WC139 18.21 5.14 23.35
WC140 118.96 13.57 132.52
WC141 80.63 23.99 104.62
WC142 119.26 26.59 145.86
WC143 69.31 22.83 92.14
WC144 30.57 45.50 76.06
WC145 25.24 37.65 62.90
WC146 22.53 32.76 55.29
WC147 48.91 16.19 65.10
WC148 16.52 11.93 28.45
WC149 9.77 43.98 53.75
WC150 5.08 28.57 33.65
WC151 41.70 60.22 101.93
WC153 62.62 14.72 77.34
WC154 30.66 11.21 41.86
WC155 24.24 6.17 30.41
WC156 31.30 8.69 39.99
WC157 27.17 7.16 34.33
WC159 28.36 12.76 41.12
WC160 6.84 14.45 21.29
WC161 22.82 0.63 23.45
WC162 6.16 1.48 7.64
WC163 28.08 7.55 35.63
WC164 34.03 7.71 41.75
WC165 55.72 13.74 69.46
WC166 74.20 16.08 90.28
WC168 117.10 5.58 122.67
WC169 198.58 1.61 200.18
WC170 23.55 5.79 29.34
WC171 36.65 11.55 48.20
WC172 27.91 15.88 43.79
WC173 62.76 43.99 106.75
WC174 44.03 23.28 67.31
WC175 46.63 13.75 60.38
WC176 27.52 7.74 35.27
WC177 54.11 18.53 72.65
WC178 13.42 12.23 25.66
WC179 15.64 25.69 41.34
WC180 47.58 24.20 71.78
WC181 7.35 20.74 28.09
WC182 8.24 8.04 16.28
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Subbasin | Pervious (ac) | Impervious (ac) Total (ac)
WC183 27.89 91.23 119.12
WC184 16.44 18.03 34.47
WC185 25.49 11.89 37.37
WC188 68.82 12.15 80.97
WC189 37.87 10.41 48.28
WC190 14.25 4.17 18.42
WC191 52.31 20.63 72.94
WC192 55.13 28.81 83.94
WC193 29.22 16.90 46.12
WC194 7.46 3.86 11.31
WC195 42.43 18.01 60.44
WC196 18.32 8.24 26.56
WC197 47.48 14.91 62.39
WC198 57.16 13.45 70.61
WC199 32.56 9.81 42.37
WC200 55.77 22.46 78.23
WC201 14.88 3.94 18.82
WC203 21.88 7.22 29.10
TOTAL 4164.12 1757.75 5921.87

See separate Sheet 3 for location of subbasins.

The Whatcom Creek study area is highly developed. The western portion of the study
area is the commercial center of the City of Bellingham. Light industrial development is
to the east of the downtown along the Whatcom Creek corridor. Residential land use is
found both north and south side of Whatcom Creek. Park land along Whatcom Creek
upstream of Woburn Street protects the creek from encroaching urban development.
Along the south edge of the watershed are forested, hill slopes. Development is slowly
replacing the forests with suburban housing.

The 1995 plan’s environmental assessment included East Cemetery, West Cemetery, and
Lincoln Creek wetlands. Additionally, selected wetlands in the Fever Creek drainage
basin and direct drainage to Lake Whatcom between the Whatcom Creek inlet and Silver
Beach Creek were included in the field inventory of aquatic resources. A modified
wetland functions and values assessment was performed in the 1995 study on selected
wetlands which were originally identified in the 1991 Bellingham Wetland Inventory and
are associated with East Cemetery Creek, West Cemetery Creek, Lincoln Creek, Fever
Creek, the direct drainage to Lake Whatcom between the Whatcom Creek inlet and Silver
Beach Creek. East Cemetery Creek, West Cemetery Creek, and Lincoln Creek were
inventoried in the 1995 field study.
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Fever Creek Study Area

Within the Whatcom Creek watershed the Fever Creek study area is approximately 1426
acres and averages 44% impervious area. The northern portion is zoned primarily for
industrial uses. Much of the remainder is high density residential.
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Fever Creek has been mostly confined within a channelized ditch. There is little or no
undeveloped floodplain along the creek. Most of the subbasin drainage facilities are
stormwater piping systems and open channel ditches.

One Fever Creek wetland (WH-33a) was studied during the field investigation conducted
for the 1995 study. This wetland consisted of forested and scrub-shrub wetland classes
and was associated with an existing stormwater detention facility. A complex
combination of wetland types provided excellent wildlife habitat. The combination of
thick herbaceous and persistent vegetation provides moderate biofiltration and floodwater
attenuation.

There are no known fish resources in Fever Creek.
The potential for nonpoint source pollution problems is high due to the high density

residential and commercial development found in the Fever Creek study area. Pollutants
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will be typical of those produced by roadways and residential and commercial
development, as described in the previous general discussion of pollutant loadings.

The 1995 study reported that most of the growth anticipated for the Fever Creek study
area is expected to be industrial. As a result, there will be increased impervious area and
automobile traffic. Associated industrial and roadway-related pollutants will increase.
Many of these pollutants attached to and are transported by suspended solids. By
removing solids from the stormwater runoff, these pollutants are also removed. As
clearing and grading occur in anticipation or as part of these development activities,
water quality facilities must be incorporated in the individual sites’ temporary erosion
and sedimentation control plans and stormwater management plans. Sediment traps
should be included in the plans. Grassed swales should be installed as part of the site
grading plans and for parking lot runoff to remove pollutants before they enter the
stormwater conveyance system.

For Fever Creek residential areas public environmental education is key to getting the
public to support lifestyle modifications to improve water quality. Key needs include
promoting integrated management and proper application of yard and garden fertilizers,
use of native plants in landscaping, proper disposal and recycling of household wastes
(including soapy water, oils, anti-freeze, cleaners, etc.), and reducing impervious surfaces
in residential site design.

Fever Creek Stormwater Problems (see separate Sheet 3 for location of elements)

Element ID | Original Size (ft) | Size Increase (ft) New Size (ft)
1031 4.00 1.50 5.50
1034 1.75 0.75 2.50
1055 0.67 0.33 1.00
1060 0.67 0.33 1.00
1074 1.75 1.00 2.75
1075 1.75 0.75 2.50
1102 2.75 0.25 3.00
1108 1.50 1.25 2.75
1129 1.75 1.25 3.00
1130 1.75 1.25 3.00
1133 3.00 0.50 3.50
1134 4.00 1.50 5.50
1136 3.00 0.50 3.50
1150 3.00 1.00 4.00
1151 3.50 0.50 4.00
1152 3.00 1.50 4.50
1154 3.00 1.00 4.00
1165 1.00 0.25 1.25
1182 1.00 0.25 1.25
1243 0.67 0.33 1.00
1245 1.00 0.50 1.50
1250 1.00 1.00 2.00
1251 2.00 1.00 3.00
1252 2.00 0.25 2.25
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Element ID | Original Size (ft) | Size Increase (ft) New Size (ft)
1257 1.75 1.00 2.75
1277 2.25 1.25 3.50
1278 3.00 0.50 3.50
1279 3.00 0.50 3.50
1284 4.00 1.00 5.00
1338 2.00 0.50 2.50
1339 3.00 0.50 3.50
1341 3.00 0.50 3.50
1365 3.00 1.00 4.00
1373 1.00 0.25 1.25
1378 2.50 0.50 3.00
1436 1.50 1.25 2.75
1451 2.75 0.75 3.50
1453 1.75 0.25 2.00
1456 3.00 0.50 3.50
1457 3.00 0.50 3.50
1467 3.50 0.50 4.00
1468 3.00 1.00 4.00
1517 0.67 0.33 1.00
1518 1.00 0.75 1.75
1523 2.25 1.25 3.50
1525 3.00 0.50 3.50
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Hannah Creek Study Area

Within the Whatcom Creek watershed the Hannah Creek study area is approximately 777
acres and averages 13% impervious area. The northern portion is primarily residential.
Much of the southern portion of the area is undeveloped forest land.

Hannah Creek flows in a natural channel, mostly through backyards. There are some
tributary stormwater piping systems and open channel ditches.
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Wetlands were originally identified in the 1991 wetland inventory. They are primarily
located away from the main conveyance course of Hannah Creek. As a result, the 1995
study did not investigate any of the Hannah basin wetlands.

There are no known fish resources in Hannah Creek.
The potential for nonpoint source pollution problems is high due to the residential
development found in the Hannah Creek study area. Pollutants will be typical of those

produced by roadways and residential development, as described in the previous general
discussion of pollutant loadings.

The 1995 study reported that most of the growth anticipated for the Hannah Creek study
area is expected to be residential. Nonpoint source pollution will increase due to the
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construction of additional homes and roads. Water quality mitigation must provide
biofiltration from these developments.

Public environmental education is another way to reduce the impacts of new (and
existing) development on water quality. Key needs include proper application of yard
and garden fertilizers, use of native plants in landscaping, and proper disposal and
recycling of household wastes (including soapy water, oils, anti-freeze, cleaners, etc.).
The control and elimination of illegal refuse dumping in the basin will also help improve
water quality.

Hannah Creek Stormwater Problems (see separate Sheet 3 for location of elements)

Element ID | Original Size (ft) | Size Increase (ft) New Size (ft)
1010 1.25 0.25 1.50
1011 1.25 0.25 1.50
1048 1.50 0.25 1.75
1050 0.67 0.33 1.00
1052 1.00 0.50 1.50
1053 1.00 0.50 1.50
1084 1.50 0.50 2.00
1094 2.00 0.75 2.75
1096 1.50 0.25 1.75
1099 2.25 0.25 2.50
1104 2.00 0.25 2.25
1105 2.00 0.25 2.25
1111 3.50 0.50 4.00
1116 1.00 0.25 1.25
1137 1.25 0.50 1.75
1138 0.67 1.33 2.00
1139 1.00 0.50 1.50
1140 0.67 0.83 1.50
1141 1.00 1.00 2.00
1159 1.50 0.50 2.00
1160 1.50 0.50 2.00
1161 1.83 0.75 2.58
1175 1.50 0.25 1.75
1177 2.50 0.25 2.75
1178 2.00 0.75 2.75
1179 2.50 0.50 3.00
1183 1.50 0.50 2.00
1184 1.25 0.50 1.75
1208 1.75 0.25 2.00
1223 2.25 0.25 2.50
1224 2.25 0.25 2.50
1239 0.67 0.58 1.25
1256 2.00 0.25 2.25
1280 1.00 1.00 2.00
1281 1.00 0.75 1.75
1282 0.67 0.83 1.50
1283 0.67 1.08 1.75
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Element ID | Original Size (ft) | Size Increase (ft) New Size (ft)
1285 2.50 2.00 4.50
1290 1.25 0.75 2.00
1291 1.25 1.25 2.50
1294 1.75 0.75 2.50
1295 1.75 0.50 2.25
1296 1.75 0.25 2.00
1297 1.75 0.25 2.00
1302 1.75 0.50 2.25
1306 1.00 0.75 1.75
1310 1.50 0.50 2.00
1313 0.67 0.83 1.50
1349 3.33 0.50 3.83
1387 1.00 0.75 1.75
1401 0.67 0.33 1.00
1402 1.50 0.25 1.75
1420 2.50 1.50 4.00
1438 1.50 0.75 2.25
1447 2.25 0.25 2.50
1449 2.25 0.25 2.50
1454 0.67 0.33 1.00
1460 1.50 0.25 1.75
1474 1.83 1.00 2.83
1475 1.67 0.50 2.17
1476 1.67 0.25 1.92
1477 1.50 0.50 2.00
1478 2.00 0.50 2.50
1479 2.00 0.25 2.25
1480 2.00 0.25 2.25
1481 2.00 0.25 2.25
1482 1.25 0.50 1.75
1496 1.00 0.25 1.25
1502 1.75 0.25 2.00
1505 1.50 1.50 3.00
1506 1.50 1.50 3.00
1520 1.75 1.00 2.75
1526 1.00 1.00 2.00
1527 1.00 0.75 1.75
1528 0.67 1.33 2.00
1530 1.75 1.00 2.75
1534 1.75 0.75 2.50
1535 1.50 0.75 2.25
1536 1.75 0.75 2.50
1537 1.75 0.75 2.50
1538 1.50 0.75 2.25
1539 1.50 0.50 2.00
1542 0.67 1.08 1.75
1544 2.00 2.00 4.00
1776 1.50 0.50 2.00
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Element ID

Original Size (ft)

Size Increase (ft)

New Size (ft)

1778

1.50

0.25

1.75
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Cemetery Creek Study Area

Within the Whatcom Creek watershed the Cemetery Creek study area consists of the
drainages of East Cemetery Creek, West Cemetery Creek, and the main stem of
Cemetery Creek. The total drainage area is approximately 1447 acres and averages 25%
impervious area. The downstream (northern) portion of the basin is a combination of
commercial, undeveloped wetlands, and a large cemetery. The central portion is
primarily residential. Much of the southern portion of the area is undeveloped forest
land.
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The upper portions of the Cemetery Creek tributaries flow in natural channels. There are
some tributary stormwater piping systems and open channel ditches. The lower reaches
of East Cemetery Creek and West Cemetery Creek flow through a large, high quality,
forested wetland.

East Cemetery Creek is moderately disturbed in its lower portion, downstream of
Woburn Road. The stream flows through a mature forest and wetland WH-42, a large,
relatively undisturbed, palustrine forested wetland associated with the confluence of East
and West Cemetery Creek. The stream channel has been partial channelized in sections,
near residential and commercial development. Between Woburn and Lakeway Drive the
creek flows through Bayview Cemetery. The stream gradient is relatively steep and the
channel is strongly incised into the bedrock. Upstream of Lakeway Drive there is greater
disturbance due to adjacent residential development. Vegetation in the riparian corridor
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has been highly altered. Water quality appears to be poor due to nonpoint source
pollution entering the stream. In contrast, the headwaters are still relatively undisturbed
and are characterized by mature forest vegetation and little or no adjacent development.

West Cemetery Creek flows through a similar range of riparian conditions. The lower
portion of West Cemetery Creek is in a relatively, undeveloped riparian corridor with
mature forest vegetation. The creek flows through a broad, low gradient palustrine
forested wetland that contains a series of braided overflow channels. Upstream of
Lakeway Drive West Cemetery Creek is confined within a high gradient, highly incised
channel with a highly disturbed riparian corridor. There is serious stream bank cutting.
The surrounding residential development suggests the presence of potential washoff of
lawn fertilizers and herbicides into the creek. The headwaters are located in low density
residential neighborhoods that contain a combination of mature forest, lawn, and horse
pasture vegetation. The lawns and horse pastures contribute fertilizer, herbicide, and
livestock manure to the stream.

Coho and Chinook salmon have been observed in East Cemetery Creek below Woburn
Street and West Cemetery Creek below Lakeway Drive. Salmon apparently do not
utilize habitat upstream of these locations due to culvert passage problems. The upper
reaches of both creeks have good habitat for sea-run cutthroat spawning and juvenile
rearing, once fish passage blockages are removed.

Water quality is adversely impacted by fertilizer and herbicide runoff from Bayview
Cemetery and the nearby Eaglewood residential neighborhood. Automobile-related
pollutants associated with roads and parking areas are also being washed off into
Cemetery Creek. The upper reaches of West Cemetery Creek also receive fertilizer,
herbicide, and livestock manure washoff, as previously noted.

The 1995 study reported that most of the growth anticipated for the Cemetery Creek
study area is expected to be residential. Nonpoint source pollution will increase due to
the construction of additional homes and roads. Water quality mitigation must provide
biofiltration from these developments.

Public environmental education is another way to reduce the impacts of new (and
existing) development on water quality. Key needs include proper application of yard
and garden fertilizers, use of native plants in landscaping, and proper disposal and
recycling of household wastes (including soapy water, oils, anti-freeze, cleaners, etc.).
The control and elimination of illegal refuse dumping in the wetlands at the mouth of
Cemetery Creek will also help improve water quality.
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Lincoln Creek Study Area

Within the Whatcom Creek watershed the Lincoln Creek study area is approximately 913
acres and averages 45% impervious area. The basin is adjacent to and primarily east of
Interstate 5. The southern and western portions of the basin along I-5 are generally
covered by commercial land uses. The eastern and northern portions are primarily
residential. The headwaters have minimal development.

The drainage system is a mixture of natural stream channels, ditches, and pipes. Lincoln
Creek discharges to Whatcom Creek through a 43-inch by 63-inch arch pipe under Fraser
Street.

The 1995 study found that the wetlands located in the lower reaches of Lincoln Creek
were characterized by moderate to high degrees of disturbance resulting from adjacent
and relatively extensive residential and commercial development. The wetland plant
communities have low species diversity. Culverts and channelization have modified the
natural water course. Development has occurred in the riparian corridor and the potential
for nonpoint source pollution problems appears to be high.

In contrast, development in the vicinity of the upper reach wetlands is relatively low
density and adverse wetland impacts were found to be minor. The inventoried upper
wetlands have a combination of emergent, shrub-dominated, and forested vegetation

types.

The Lincoln Creek stream channel downstream of Lakeway Drive has been highly
disturbed by extensive channelization and nearby residential and commercial
development. The upstream, middle section of Lincoln Creek has been altered by road
construction, residential development, and commercial activities. The upstream
headwaters suffer some, but less, damage from residential development.

The lower reaches of Lincoln Creek are considered important habitat for cutthroat trout,
coho, and chinook salmon in spite of the degradated stream channel. Salmon cannot
journey upstream of Lincoln Street because of an impassable culvert at that location.
However, the upstream reaches could provide good sea-run cutthroat spawning and
juvenile rearing areas.

The lower reaches of Lincoln Creek suffer from nonpoint source pollution due to the
proximity of residential and commercial development and runoff from the I-5 corridor.
Automobile-related pollutants from roads and parking areas together with fertilizers and
herbicides from lawns are the most likely nonpoint source pollutants entering Lincoln
Creek.

The 1995 study reported that most of the growth anticipated for the Lincoln Creek study

area is expected to be a mixture of commercial, industrial, and residential. Nonpoint
source pollution will increase. Water quality mitigation must provide biofiltration and
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stormwater detention from these developments to provide opportunities for sediment
capture, suspended soils filtration, and biological uptake of fertilizers and herbicides.

Public environmental education is another way to reduce the impacts of new (and
existing) development on water quality. Key needs include proper application of yard
and garden fertilizers, use of native plants in landscaping, and proper disposal and
recycling of household wastes (including soapy water, oils, anti-freeze, cleaners, etc.).
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Direct Whatcom Creek Study Area

Within the Whatcom Creek watershed the direct Whatcom Creek study area is
approximately 1330 acres and averages 50% impervious area. This study area consists of
subbasins that flow directly into Whatcom Creek. Most of these subbasins are located in
the main east-west commercial/industrial corridor along lowa Street between Woburn
Street and the bay. Correspondingly, they are heavily covered by impervious surfaces.
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The drainage system is a mixture of ditches and pipes. There are multiple direct
discharges to Whatcom Creek all along its length from Lake Whatcom to Bellingham
Bay.

No wetlands of any size remain in or along the main Whatcom Creek corridor between
Whatcom Falls Park and the bay. The entire riparian corridor has been modified due to
high degrees of disturbance resulting from adjacent and relatively extensive industrial
and commercial development. The potential for nonpoint source pollution problems
appears to be high. The City of Bellingham is working to restore a natural stream
channel and vegetation along portions of the riparian corridor.

Upstream of the commercial corridor, Whatcom Falls Park provides a beautiful natural
setting for the stream to flow through. In the park mature forest vegetation remains,
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providing shade and cool temperatures for Whatcom Creek. The park provides a
reminder of what this stream corridor used to look like all the way down to Bellingham
Bay.

The lower reaches of Whatcom Creek are considered important habitat for cutthroat trout,
coho, and chinook salmon in spite of the degradated stream channel. Salmon cannot
journey upstream of Whatcom Falls in Whatcom Falls Park. However, they have good
access to Fever, Cemetery, and Lincoln creeks (Hannah Creek enters Whatcom Creek
through a man-made chute upstream of the falls.

The lower reaches of Whatcom Creek suffer from nonpoint source pollution due to the
proximity of commercial, industrial, and residential development and runoff from the
Iowa Street corridor. Automobile-related pollutants from roads and parking areas
together with fertilizers and herbicides from lawns are the most likely nonpoint source
pollutants entering Whatcom Creek.

The 1995 study did not include the direct Whatcom Creek study area. The subbasins that
make up this study area are, for the most part, fully built out. For any redevelopment
activities water quality mitigation should be included. Such mitigation must provide
biofiltration and stormwater detention from these developments to provide opportunities
for sediment capture, heavy metals and automobile-related pollutant filtration, and
biological uptake of fertilizers and herbicides.

Public environmental education is another way to reduce the impacts of development on
water quality. Key needs include proper disposal and recycling of industrial wastes
(including soapy water, oils and solvents, anti-freeze, cleaners, etc.), elimination of
illegal connections and discharges to Whatcom Creek, and street sweeping to collect and
remove automobile-related pollutants.

Direct Whatcom Creek Stormwater Problems (see separate Sheet 3 for location of
elements)

Element ID | Original Size (ft) Size Increase (ft) New Size (ft)
1010 1.25 0.25 1.50
1011 1.25 0.25 1.50
1048 1.50 0.25 1.75
1050 0.67 0.33 1.00
1052 1.25 0.25 1.50
1053 1.25 0.25 1.50
1084 1.75 0.25 2.00
1094 2.50 0.25 2.75
1096 1.50 0.25 1.75
1099 2.25 0.25 2.50
1104 2.00 0.25 2.25
1105 2.00 0.25 2.25
1111 3.50 0.50 4.00
1116 1.00 0.25 1.25
1159 1.75 0.25 2.00
1160 1.75 0.25 2.00
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Element ID | Original Size (ft) Size Increase (ft) New Size (ft)
1161 2.33 0.25 2.58
1175 1.50 0.25 1.75
1177 2.50 0.25 2.75
1178 2.50 0.25 2.75
1179 2.75 0.25 3.00
1183 1.75 0.25 2.00
1184 1.50 0.25 1.75
1208 1.75 0.25 2.00
1223 2.25 0.25 2.50
1224 2.25 0.25 2.50
1233 1.75 0.25 2.00
1239 1.00 0.25 1.25
1256 2.00 0.25 2.25
1280 1.75 0.25 2.00
1281 1.50 0.25 1.75
1282 1.25 0.25 1.50
1283 1.50 0.25 1.75
1285 4.00 0.50 4.50
1294 2.25 0.25 2.50
1295 2.00 0.25 2.25
1296 1.75 0.25 2.00
1297 1.75 0.25 2.00
1302 2.00 0.25 2.25
1306 1.50 0.25 1.75
1332 3.50 0.50 4.00
1401 0.67 0.33 1.00
1420 3.50 0.50 4.00
1438 2.00 0.25 2.25
1447 2.25 0.25 2.50
1449 2.25 0.25 2.50
1454 0.67 0.33 1.00
1460 1.50 0.25 1.75
1474 2.58 0.25 2.83
1475 1.92 0.25 2.17
1476 1.67 0.25 1.92
1477 1.75 0.25 2.00
1478 2.25 0.25 2.50
1479 2.00 0.25 2.25
1480 2.00 0.25 2.25
1481 2.50 0.25 2.75
1482 1.50 0.25 1.75
1496 1.00 0.25 1.25
1502 1.75 0.25 2.00
1505 2.75 0.25 3.00
1506 2.75 0.25 3.00
1520 2.50 0.25 2.75
1526 1.75 0.25 2.00
1527 1.50 0.25 1.75
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Element ID | Original Size (ft) Size Increase (ft) New Size (ft)
1528 1.75 0.25 2.00
1530 2.50 0.25 2.75
1534 2.25 0.25 2.50
1535 2.00 0.25 2.25
1536 2.25 0.25 2.50
1537 2.25 0.25 2.50
1538 2.00 0.25 2.25
1539 1.75 0.25 2.00
1542 1.00 0.25 1.25
1544 3.50 0.50 4.00

Problem lIdentification

As previously discussed, after the conveyance network was developed within the model,
an initial model analysis was performed to identify any surcharging pipes throughout the
network. Locations of problems (surcharging pipes) are summarized in Table 21.
Detailed problem identification is presented in Appendix A.

For the Cemetery Creek study area, insufficient data were available to determine if there
are conveyance deficiencies in the network. Data missing from City-supplied GIS files
were filled in as discussed above, and no deficiencies were found during the model
analysis (e.g., there were no indications of surcharging). However, if deficiencies had
been identified, the limited data available would have been insufficient to determine the
pipe sizes needed to address the deficiencies. Also, if there are differences between
model results and actual data, there may be deficiencies within the existing system that
the model would not be able to identify. Future analysis is recommended as field data are
obtained and incorporated into the model, to determine whether actual deficiencies exist.

Solutions

Following initial problem identification, SWMM’s automatic pipe resizing routine was
used to increase the pipe network in the vicinity of the surcharging pipes identified during
the initial model analysis. As previously discussed, the SWMM automatic pipe resizing
routine increases capacity throughout the system by increasing the diameters of all pipes
that would be affected by an increase in downstream flow resulting from upstream
improved capacity. This routine avoids the problem of resizing a single pipe only to shift
a flooding problem downstream. Quantities of potential pipes to be replaced with larger
diameter pipes are summarized in Table 21. Detailed solution information is presented in
Appendix A.

Cost Opinion

As previously discussed, the GIS data were most readily available and most nearly
complete for the Whatcom Creek Study Area; therefore, the model results were
considered detailed enough for generation of a reliable cost opinion. The cost opinion for
the Whatcom Creek Study Area is summarized in Table 21. Detailed cost opinion
information for the Whatcom Creek Study Area is presented in Appendix B.
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The projects listed in Table 21 were arranged based on geographical proximity of the
improvements. For example, Ellis Street #1 and Ellis Street #2 represent increasing the
pipe diameters identified in the model within Ellis Street on the south and north sides,
respectively, of North State Street. The projects listed in Table 21 may be combined or
otherwise compiled differently as needed by the City.

Table 21. Whatcom Creek Model Results and Cost Opinion
Pipe Upgrade
Subbasin Improvement Project Group Quantity Cost Opinion
(linear feet)

Whatcom Creek Ellis Street #1 2,250 $1,858,000
Ellis Street #2 2,050 $1,176,000
King/Virginia/Lincoln 3,400 $2,032,000
Meador Avenue 200 $129,000
State Street 900 $398,000
Misc. Whatcom Outfalls 250 $176,000

Fever Creek Kentucky Street 1,050 $1,373,000
Orleans/Nevada 1,600 $925,000
Valencia/North/Verona 3,500 $3,330,000
Misc. Improvements 700 $480,000

Cemetery Creek (Insufficient conveyance system data)

Hannah Creek Lakeway Drive 800 $486,000
Raymond Street 200 $185,000

Lincoln Creek Lincoln Creek 1,050 $813,000

Total 17,950 $13,361,000

92




City of Bellingham Comprehensive Stormwater Plan December 2007

PADDEN CREEK STUDY AREA

The Padden Creek study area is approximately 4125 acres, including the Lake Padden
drainages (see Table 22), and averages 19% impervious area. This study area consists of
subbasins that flow directly into Lake Padden in addition to the downstream Padden
Creek drainages plus the Connelly Creek tributary area. The Padden Creek watershed is
located south of the Whatcom Creek watershed.
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The streams draining directly to Lake Padden are generally intermittent in nature and
flow out of heavily forested areas. The 150-acre Lake Padden outlets to a perennial
stream, Padden Creek, that flows westward under I-5 to Bellingham Bay.

The upper section of Padden Creek is in a highly disturbed stream channel that has been
adversely impacted by a mixture of residential and commercial development.
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Downstream Padden Creek flows through an approximately 2100-foot long conveyance
pipe (known as the “Brick Tunnel”) beneath Old Fairhaven Parkway. The stream then
enters Fairhaven Park, just south of the Fairhaven commercial district, before finally
flowing through substantial commercial and industrial development near the bay.

Connelly Creek drains the tributary area north of Old Fairhaven Parkway east of 21%
Street, including a portion of [-5 and Samish Way. The lower portion of Connelly Creek
is a shrub and grass-dominated riparian corridor surrounded by residential development.
The upstream channel is located in a mature forest vegetation setting.

Table 22. Padden Creek Study Area

Pervious Impervious
Subbasin (ac) (ac) Total (ac)
PC201 24.30 5.65 29.95
PC202 43.08 9.26 52.34
PC203 138.88 57.82 196.70
PC204 111.53 26.49 138.02
PC205 86.90 49.17 136.07
PC206 53.93 33.50 87.44
PC207 23.91 4.61 28.52
PC208 12.14 2.83 14.97
PC209 26.30 5.01 31.31
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Pervious Impervious
Subbasin (ac) (ac) Total (ac)
PC210 49.36 8.26 57.62
PC211 32.43 7.66 40.09
PC212 37.75 6.11 43.86
PC213 31.69 7.85 39.55
PC214 15.66 3.77 19.43
PC215 155.46 32.75 188.22
PC216 95.71 35.54 131.25
PC217 96.71 26.20 122.92
PC218 18.46 10.26 28.72
PC219 38.29 8.41 46.69
PC220 27.24 10.23 37.47
PC221 56.44 13.94 70.38
PC222 46.94 27.68 74.62
PC223 115.08 59.86 174.94
PC224 19.83 4.77 24.60
PC225 28.79 9.75 38.54
PC226 63.80 15.59 79.39
PC227 75.90 15.88 91.78
PC228 153.74 12.26 166.00
PC229 49.17 27.70 76.87
PC230 147.69 47.50 195.19
PC231 13.49 2.12 15.61
PC232 34.61 14.35 48.96
PC233 51.56 18.37 69.93
PC234 17.21 6.67 23.88
PC235 24.85 12.85 37.70
PC236 28.79 14.33 43.12
PC237 33.11 7.36 40.46
PC238 105.47 23.01 128.49
PC239 14.84 4.42 19.27
PC240 39.85 8.71 48.56
PC241 59.31 12.27 71.57
PC242 735.25 31.48 766.73
PC243 34.37 6.98 41.35
PC244 48.93 11.00 59.93
PC245 32.16 6.08 38.24
PC246 90.20 9.75 99.95
PC247 5.97 3.56 9.53
PC248 83.29 14.77 98.07
TOTAL 3330.41 794.39 4124.80

See separate Sheet 4 for location of subbasins.

December 2007

The 1995 study identified three wetland areas tributary to Lake Padden and outside of the
city limits. They were not included in the 1991 Bellingham wetland inventory. The three
wetlands consist of the Our Lake wetland 1 (OL-1), Our Lake wetland 2 (OL-2), and
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Governor Road wetland. OL-1 and Governor Road wetlands are open water ponds and
OL-2 is a palustrine forested wetland.

Our Lake wetland 1 (OL-1) has received a high level of disturbance from substantial
adjacent residential development. It has low vegetation species diversity and nonpoint
source pollution problems. Our Lake wetland 2 (OL-2) and Governor Road wetland are
characterized by lower levels of disturbance. They have high vegetation species diversity
and fewer nonpoint source pollution problems.

Downstream of Lake Padden are four major wetland areas. These four wetland areas
include estuarine intertidal wetlands, palustrine forest, scrub-shrub, and emergent
wetlands. The intertidal wetlands (PA-1) provide unique wildlife habitat and important
tidal flood control storage. Upstream, PA-2 and PA-4 are relatively undisturbed
palustrine scrub/shrub and forested wetlands. PA-2 has moderate to good wildlife
habitat; PA-4 consists of small areas along Padden Creek that are supplied by local seeps.
PA-26 along Old Fairhaven Parkway has been adversely affected by a high level of
human disturbance and has only minor wildlife habitat. The wetland does provide
biofiltration and flood flow attenuation.

Wetlands in the Connelly Creek subbasins include wetlands PA-27 and PA-28 in the
lower reaches of Connelly Creek. These disturbed wetlands consist of predominantly
emergent and scrub-shrub vegetation. In contrast, wetlands PA-29 and PA-33 in the
upper reaches of Connelly Creek consist of mature forest vegetation and provide
excellent wildlife habitat and water quality benefits. PA-33 is part of an existing
stormwater detention facility.

Cutthroat, rainbow trout, and landlocked sockeye salmon (also known as kokanee) are
found in Lake Padden. Cutthroat and kokanee spawning habitat is provided by two
unnamed tributaries to Lake Padden: a stream at the southeast end of the lake and the
stream that flows from Our Lake through the Lake Padden Golf Course to Lake Padden.

Downstream of the lake coho and chum salmon have been observed in the lower reaches
of Padden Creek. Fish ladders beneath the Chuckanut Drive bridge and at the east end of
Fairhaven Park allow anadromous fish to travel upstream as far as the Brick Tunnel;
however, the tunnel is reported to be impassable to upstream fish migration.

The Brick Tunnel also prevents salmon from reaching Connelly Creek. Coho are planted
in Connelly Creek and cutthroat and steelhead have been observed in the creek, according
to the 1995 study.

Nonpoint source pollutants in the form of chemicals used in lawn and garden
maintenance and automobile-related oils and heavy metals enter Lake Padden.
Downstream, residential and commercial development produces pollutants that are
washed off into Padden Creek. Marine service companies adjacent to wetland PA-1
contribute pollutants to the intertidal habitat.

The 1995 study reported that most of the growth anticipated for the Padden Creek study
area is expected to be a mixture of commercial and residential. Nonpoint source
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pollution will increase. Water quality mitigation must provide biofiltration and
stormwater detention from these developments to provide opportunities for sediment
capture, suspended soils filtration, and biological uptake of fertilizers and herbicides.

Public environmental education is another way to reduce the impacts of new (and
existing) development on water quality. Key needs include proper application of yard
and garden fertilizers, use of native plants in landscaping, and proper disposal and
recycling of household wastes (including soapy water, oils, anti-freeze, cleaners, etc.).

Problem ldentification

As previously discussed, after the conveyance network was developed within the model,
an initial model analysis was performed to identify any surcharging pipes within the
network. Locations of model-identified problems (surcharging pipes) are summarized in
Table 10. Detailed problem identification is presented in Appendix A.

Solutions

Following initial problem identification, SWMM’s automatic pipe resizing routine was
used to increase the pipe diameter in the vicinity of the surcharging pipes identified
during the initial model analysis. Quantities of potential pipes to be upsized are
summarized in Table 23. Detailed solution information is presented in Appendix A.

Table 23. Padden Creek Model Results

Pipe Upgrade
Basin Improvement Project Group Quantity
(linear feet)

Padden Culverts, storm drains 6,500

Total 6,500

Cost Estimate

As previously discussed, GIS data for the existing system were not available for this
basin. Therefore, model results identifying system deficiencies are conceptual and
intended for planning-level decision-making only. With the available conveyance system
data, model results are not considered detailed enough to generate reliable cost opinions
for this basin. A cost opinion for capital improvement projects in this basin will be
prepared in the future by others as additional system data are acquired and the model is
updated.
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CHUCKANUT CREEK STUDY AREA

The Chuckanut Creek study area is approximately 4724 acres (see Table 24), and
averages 5% impervious area. The Chuckanut Creek watershed is located west and south
of the Padden Creek watershed and drains to Chuckanut Bay.

Stroot.shp
Stream.shp

% Retbasin.shp
Pipes.shp
‘Waterway.shp

|| Wshed-subbasins.shp

Chuckanut
Creek

Most of the Chuckanut watershed is still undeveloped forest lands, located outside of the
city limits. Rural density single-family residential development has occurred along the
major roads crossing the watershed. More established residential neighborhoods are
found in the downstream subbasins near the bay.

The watershed is drained primarily by the main stem of Chuckanut Creek, which is fed
by small perennial and intermittent tributaries. Hoag Pond and a large wetland located
along the Interurban Trail provide stormwater storage and attenuation in the northwestern
portion of the study area. Most drainage features consist of streams and culverts, with a
few pipes and ditches in the more heavily developed northwest/downstream subbasins.
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Table 24. Chuckanut Creek Study Area

Pervious Impervious
Subbasin (ac) (ac) Total (ac)
CC301 46.55 10.88 57.43
CC302 32.54 4.06 36.60
CC303 12.34 3.08 15.42
CC304 66.30 14.74 81.04
CC305 40.76 3.08 43.84
CC307 51.45 14.58 66.03
CC308 54.91 10.39 65.30
CC309 20.95 4.81 25.75
CC310 38.93 4.02 42.95
CC311 18.28 1.00 19.28
CC312 112.94 2.65 115.59
CC313 50.73 4.19 54.92
CC315 255.10 18.38 273.48
CC316 365.90 5.64 371.54
CC317 621.68 20.94 642.62
CC318 2688.65 123.24 2811.89
TOTAL 4478.00 245.68 4723.68

See separate Sheet 5 for location of subbasins.

The 1995 study studied six Chuckanut wetlands (CH-1, CH-10, CH-26, CH-27, CH-31,
and CH-47). All of these wetlands have suffered only relatively low levels of human
disturbance. They still have the native forest vegetation intact and provide moderate to
excellent wildlife habitat.

Within the city limits Chuckanut Creek is barrier-free to salmon passage. Coho and
chum salmon utilize Chuckanut Creek from Chuckanut Bay to a short distance upstream
of the city limits, where the creek flows over steep rock outcrops that form an impassable
barrier to farther passage. Cutthroat trout and steelhead trout make use of most of
Chuckanut Creek and may be able to surmount the steep rock outcrops just upstream of
the city limits.

Chuckanut Creek suffers few of the nonpoint source pollution problems found in the
more highly urbanized Bellingham watersheds. However, failure of private older septic
systems located in the creek’s floodplain near the mouth of the stream pose a potential
pollution problem. The 1995 study discovered another problem where I-5 drainage
discharges into wetland CH-31. The wetland is filtering roadway pollutants, but is
becoming adversely impacted. There are also locations where small creekside animal
pastures contribute manure-laden runoft to Chuckanut Creek.

The 1995 study reported that most of the growth anticipated for the Chuckanut Creek

study area is expected to be residential. Nonpoint source pollution will increase. Water
quality mitigation must provide biofiltration and stormwater detention from these
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developments to provide opportunities for sediment capture, suspended soils filtration,
and biological uptake of fertilizers and herbicides.

Public environmental education is another way to reduce the impacts of new development
on water quality. Key needs include proper application of yard and garden fertilizers, use
of native plants in landscaping, and proper disposal and recycling of household wastes
(including soapy water, oils, anti-freeze, cleaners, etc.).

Problem lIdentification

For the Chuckanut Creek Basin, after the conveyance network was developed within the
model, an initial model analysis was performed to identify any surcharging pipes within
the network. However, given the limited conveyance system information available,
model results were not considered conclusive. Future model analysis is recommended
when more detailed conveyance system data become available.

Solutions

Since problem identification model results for the Chuckanut Creek Basin were not
considered conclusive, potential solutions have been deferred to future model analysis,
when more detailed conveyance system data become available.

Cost Estimate

As previously discussed, GIS data for the existing system were not available for this
basin. Therefore, model results identifying system deficiencies are conceptual and
intended for planning-level decision-making only. With the available conveyance system
data, model results are not considered detailed enough to generate reliable cost opinions
for this basin. A cost opinion for capital improvement projects in this basin will be
prepared in the future by others as additional system data are acquired and the model is
updated.
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OPERATIONS AND MAINTENANCE

The City of Bellingham has approximately 120 public stormwater facilities and 800
private facilities connected to its stormwater system. The operations and maintenance of
these facilities is governed by the City’s NPDES Phase II permit and the Department of
Ecology’s 2005 Stormwater Management Manual for Western Washington.

The City’s NPDES Phase II Municipal Stormwater Permit includes General Conditions
G2, Proper Operation and Maintenance, which states

Permittees shall at all times properly operate and maintain all facilities and
systems of collection, treatment, and control (and related appurtenances) which
are installed or used by the Permittee for pollution control to achieve compliance
with the terms and conditions of this Permit.

The City’s NPDES Phase II Municipal Stormwater Permit also includes Section 4.9
Minimum Requirement #9: Operation and Maintenance, which states

Permittees must require an operation and maintenance manual that is consistent
with the provisions of Volume V of the Stormwater Management Manual for
Western Washington (2005) for all proposed stormwater facilities and BMPs.
The party (or parties) responsible for maintenance and operation shall be
identified in the operation and maintenance manual. For private facilities
approved by the Permittee, a copy of the manual shall be retained onsite or
within reasonable access to the site, and shall be transferred with the property to
the new owner. For public facilities, a copy of the manual shall be retained in the
appropriate department. A log of maintenance activity that indicates what
actions were taken shall be kept and be available for inspection by the local
government.

The objective of this minimum requirement is to ensure that stormwater control
facilities are adequately maintained and operated properly.

Volume V of the Stormwater Management Manual for Western Washington
(2005) includes Section 4.6, Maintenance Standards for Drainage Facilities. This
section provides facility-specific maintenance standards. For each type of facility
the maintenance standards provide a table of information including the
maintenance component, defect, conditions when maintenance is needed, and
results expected when maintenance is performed.

Maintenance standards are provided for detention ponds, infiltration, closed
detention systems (tanks/vaults), control structures/flow restrictors, catch basins,
debris barriers (trash racks, etc.), energy dissipaters, typical biofiltration swales,
wet biofiltration swales, filter strips, wetponds, wetvaults, sand filters (above
ground/open), sand filters (below ground/closed), Stormfilter (leaf compost filter),
baffle oil/water separators (API type), coalescing plate oil/water separators, and
catchbasin inserts.
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The City of Bellingham requires an operations and maintenance manual for all
public and private stormwater facilities and inspects all facilities a minimum of
once a year.

Maintenance, inspection, and repair of stormwater facilities is part of the City of
Bellingham Department of Public Works Street Division’s responsibilities. The
Street Division is responsible for maintenance of storm drains and grates, catch
basins, retention ponds, and street sweeping.

Appendix 6 of the City’s NPDES Phase II Municipal Stormwater Permit describes
procedures for street waste disposal. The general procedures state that street waste
collection should emphasize retention of solids in preference to liquids. Street waste
solids are the principle objective of street waste collection and are easier to store and treat
than liquids. Street waste liquids usually contain high amounts of suspended and total
solids and adsorbed metals and require treatment before discharge. Specific rules are
presented in the appendix on the disposal of liquid street waste.
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HYDROLOGIC MODELING PROCEDURES

The identification of stormwater facility deficiencies was accomplished using WWHM3
with its combination of HSPF hydrology and SWMM hydraulics. City of Bellingham
GIS conveyance system data were used where possible. Missing or incomplete GIS
conveyance system data were filled by CCS based on adjacent data. GIS conveyance
system data were available for the most or parts of the Whatcom Creek watershed,
Squalicum Creek watershed, and Silver Creek watershed. No GIS conveyance system
data were available for the Padden Creek watershed, Chuckanut Creek watershed, or the
Silver Beach Creek watershed. For these watersheds conveyance system data were based
on previous Waterworks models and/or other data provided by city staff.

Stormwater runoff routing through the conveyance systems was computed using HSPF
RCHRES for open channel and culvert conveyance systems and PCSWMM Transport for
stormwater pipe conveyance systems. Both routing options are available in WWHM3
PRO COMPLETE edition.

The WWHM3 model was used for the following purposes:

To provide data to analyze stormwater problems
To evaluate the effectiveness of alternative solutions to reduce stormwater flooding

Modeled stormwater runoff data were used to identify locations where the stormwater
conveyance system is undersized and at risk of failure.

CCS gave a two-day workshop to City of Bellingham staff on May 7 and 8, 2007, in
which the WWHM3 modeling procedures were explained. The following information is

a summary of the WWHM3 SWMM presentation given at that workshop.

The procedures for modeling the stormwater system are described below.
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WWHM3 GIS IMPORT Feature

The WWHM3 GIS Import feature makes possible the direct input of GIS land use and
open channel reach information to the WWHM3 model using the following procedures.
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GIS Import allows the user to import basin and open channel data from a comma
delimited tables created from ARC shape (.SHP) files to make a WWHM3 model.

There are three GIS Import-related files:
1. Import File (csv): basin land use data
2. RCHRES Import File (csv): open channel data and connections
3. Configuration File (csf): column connections file created in WWHM3 that can be
later read by WWHM3 to assist in the input of basin and open channel data.
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This is what an Import File looks like. It is a comma delimited file.
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We browse to find the location of the Import File and then select and open the file.
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Watershed Designation ,m Side e Iﬁ
Landuse Type ,m Lengt Iﬁ
Vegetation Type [Reauied =] widin -
Impervious Factor [Reauied =] Manrilly Cositicient I
Wetland Designation [Bpional =] connillting Sub Basin - |
Area [ac] Required | Dovnfrzamn Eonnectior‘ =

Execute Import |

- Move Elements

®
EH
Saveny | Loaduy |

Il

| | /842006 228 PM

We can see that some GIS information is required and some is optional.
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™ WWHM3
File  Edit

DEd &

Yiew Help  Summary Report

5

Standard Import Features  GIS Impot |

ELEMENTS

- Move Elements

oSls

Saveny | Load wy |

Run Scenario

-~ GIS Impart

i Predeveloped

" Developed Mitigated

Name of Import Filefosvl: |C:ACCS YProjectswHM3 Bookbanal 032206_intersect_finl -freq.c Browse I

RCHRES Import Filefesvy |

Broviss I

Canfiguration Filelesf |
Soil Type

Slope

Subbasin

Watershed Designation
Landuse Type
‘Vegetation Type
Impervious Factor
Wetland Designation

Areafac)

Fequired -
Required -

Optional

Required -

4

Side Slope
T Length

 Brovise |

Feach Name

Depth

width

Manning Coefficient

Contributing Sub B asin =)
|

Exeoute Import |

Gl

P
ol v

| /842006

|2:30 PM

By clicking on the down arrow next to each category we can specify the appropriate
header in the Import File.

™ WWHM3
File Edit

DEd &

Yiew Help Summary Report

&S]

v Predeveloped

[ Mitigated

Standard Import Features IS Import |

(=]

ELEMENTS

- Move Elements

eidls

Savery | Load sy |||

Fur Scenario

EE
.

G135 Import

* Predeveloped

" Developed Mitigated

Name of Import Filefcsvl: [CACCS\Projects\wfwHM3 Bnokbanal 032208 intersect_find freq.c Browse |

RCHRES Import Filefcsvl |

Browse |

Configuration File{csf): |
Sail Type

Slope

Subbasin

S0IL_GROUP A
PRCT_SLOPE -
WMP_BASI_1 -

Model Boundary Designation [Optional hd

Watershed Desighation
Landuse Tupe
Wegetation Type
Impervious Factor
Wetland Designation

Aiealac]

LU_GROUP -
R
T —

Reach Name

Upstream Elevation
Downstieam Elevation i—LI
Depth
Side Slape
Length
“width

tanning Cosfficient

Cantributing Sub B asin o
Dawnstream Eonnectior! =

Execute Import |

Gl |

oy I
] —

| /842006 234 PM
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All of the required categories are now assigned the appropriate column of data from the
Import File. Before clicking on Execute Import to transfer the data to WWHM3 basin
elements we want to also set up the RCHRES Import File.

It is always best to set up and assign the column categories to both the Import File and the
RCHRES Import File before importing data.

WM

File Edt Yew Help Summary Report
DEW & iR

N [ ™ . N [ e =
o] (] [1=1]

"t |Schematic |Z”E|E E”E”Xl

L S N I = —
15 el ———

Predeveloped

B

LR Standard Import Features  GI5 Import |
funSceraio__ || | s & Predeveloped  ( Developed Miigated
ELEMENTS
M are o Loz = — =
" RCHRES Import Filefcsv]: II: ACCSAProjectsw/wHM3 Book\whatcom Subbasin Routing.csw
Configural ‘
Sail Type |SDIL_GROUP I~ | Reach Nams Required ':
Slope [PRCT_SLOPE =] Upstream Elevation  |Dptinal ol (
Subbasin [P Ba5 1 =] Dowrstiesm Ekvation [Optonal v
Model Boundary Designation 'Dptiona\— 3 Depth ;m
Watershed Designation ,Dp[igna\— 3 Side Slope !m ‘
[ | Landuse Type W 3 Length !m
- Mate Elemeres Wegetation Type ,W 3 ‘Width !m
% | | | Impervious Factor ,W 3 Manning Coefficient WI-—;.I
@ % Wetland Designation [Oateral =] ContbuingSubBasin [Regied v
e il Arealac) ,PM}(_AT 3 Downstieam Eunneclmrgm ‘
Save xy | Load xy | Execute Import |

o3 r— il |
) TR

| | 8/8/2008 |2:35 P

We repeat the process for the RCHRES Import File.
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Microsoft Excel - Whatcom Subbasin Routing

Bl Edt ¥ew Insert Format  Tools [Dats  Window ACT! Help  PDF Cresks!  Adobe PDF

eS8 S0V kR o- @ = -4 % P -

) @ & g2 s
frial -« B I U B % %, 49 Hie B A .
TEY. AEEE.
Al - # Reach Mumber

A =] c o E F G H 1 J -
1 [Beachhumber_Iupstream t Downstieam El Length  width depth sideslope | manning  Contributing Subeatchments Diains ta Fieach Mumber |
2 |Cemstery 400 a8 105 2 1 3 0.03 WCBZSIR Whatcom$
3 |ECemetery 400 B0 10560 E 1 3 0.03) WEZHSIGH W C135/SI i CTOBISIGHY CISSIBN 1 SIGN C200ISIGMWC2Z0NSIG Cemetery
4 |Fever 400 25 15340 an 1 3 003 WEIOSIGH CI02/SIGH CINMSIGHYCI04 SIGH Y CIEISIGH Y D163 SI0i W C 54/SIG CISISIGWCIBESIE Whatcom 4
5 |Hannah 400 B 130 E i} 3 0.03 WEIZHSIGH CIEHSIGA CIE2SIGCI6 HSIG Y CIE44SIGHY CIBBSIGIWCI63SIG W C 89 SIGACTOISIG: Whateom 7
& |Lincaln 400 130, 13200 20 1 3 003 WCIZEBISIGHWCI3TSIGAWC M2ISIGH T HEIGHW C I HSIGIC MEISIGY C MBS G CHTISIGI C48ISIG Whatcom 4
7 |W Cemetery 400 240 7320 20 1 3 003 WCIBHSIGIWCI3HSIGACI38SIGIW CHIMSIGIWCITHSIGH W CITBSIGIWC I8 TISIGIW CISBISIGI W T 133SIG | Cemetery
& | Whatcom 1 40 363 2045 20 1 3 003 WCIOHSIGHWCHISIGHW CHWSIGH W CI2HSIGIWCITSSIG Whatcom dz
4 | Whatcom 2 43 40 1330 20 1 3 003 WCI0SHSIGHW CH2ISIGHW CI30SIGH W CIIWSIGIW CITHSIG W CIS24SIG Whatcom 1
10 Whatcom 3 47 43 2280 20 10 3 003 WCI0ESIGHW CI0FSIGAW C B SIGH W T 124 SIG W C1ZEASIGH CI800SI G W C18 W SIGHW C182!SIGHWC133SIG | Whatcom 2
M Whatcom 4 54 7 1855 20 10 3 003 WCISSIGHWCIE4HSIG Whatcom 3
12 Whateom S &7 54 1495 20 10 3 003 Whatcom 4
13 Whateom & [ 57 7 20 10 3 003 WCIZWSIG whatcom &
4 | Whateom 7 ®: BS 3700 20 10 3 003 WCHHSIGHWCIZ0SIG Whatcom &
15 |Whateom & 12 85 30 2 1 3 003 Whatcom7
1| Whatoom 8 300 27 2360 E 1 3 0.03 WENHSIGHCHIBISIE Whatcom
17| Whateom ds 450 am 1000 an 1 3 0.03 WETMISIGIWCIZ2ISIGMWCIZTISIE Gage
1 | whateomus 450 am 1000 n i} 3 0.03 WEITSIGHCIBSIE Whateom3
13
20
21
22
23
24
25
26
27
E
E
an
3
32
33
34
35
36
kI
2 o
39 -
H +« » v\ Whatcom Subbasin Routing / |« vl
Ready UM

This is the form that the RCHRES Import File data is in.

T WwHM3
File Edit ¥ew Help Summary Report

DedE &

B

GIS Impart

Standard Impart Features

IS Impott
* Predeveloped ¢ Developed Mitigated

Name of Impart File{es+): |C:ACCSYProjects\wHM3 Bookhanal_032206_intersect_finl-freq.c Browse
RCHAES Import Fils{sy): [CACCS YPrajects\wiwHM3 Bookiwhatcom Subbasin Flouting csv Browse

Corfiguration Filelzsf | Bﬁ[ogw.‘-;&
Soil Type W Reach Mame W
Slope [FRCT_SLOPE =] Upsheam Elsvation  |Upstieam Elevalion =
Subbasin I\/WE Diownstream Elevation T[W
‘ Model Boundary Designalion [Optional | Degth Eh
—— Watershed Designation {Dptional—j Side Slope ]gd—m
g] g]i] jﬂﬂ Landus? Type IWE Length ]‘Le_ngl‘ﬁ—l]
¥ egelation Type JWE width Wm
- Move Elements - |mpervious Factor ﬂWE Manring Cosificient m
— £ Wetland Designation [Dptonal "+ ] Cortibuting Sub Basin [Eontibuling Subcalch <
T3

aielog iFMX,AEHES = | Downstream Connaction i e ser rr ",

% Al
]

|

£

<

(8A1/2008 10:01 AM

All of the routing categories are assigned appropriate columns from the RCHRES Import
File. After both import files are set up we click the Execute Import button to transfer the
information to the WWHM3 model.
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 WWHM3 EE

File Edit Yew Help Summary Report

Ded &

Subbasin NamefieE ]

Surface Groundwater

Flows To: | 1 I

Area in Basin I Show Orly Selected

Standard Imp

GIS Impott Available Pervious Available Impervious
i‘ v [B/B, Forest, Flat i ROADS/FLAT 32184
Mame of Impo fv &7B. Forest, Mod 0 ROADS/MOD 4.2194
ACHAES Inp v BB, Forest, Sleep 0 ROADS/STEER iG]
v | 78, Pastuie, Flat 3.2679 ROOF TOPS/FLAT 0
|v &78, Pasture, Mod 10,5922 DRIVEWAYS/FLAT
Soil Type v BB, Pastuie, Steep | [14.301 DRVEWATS/MOD
Slope ¥ A/8, Lawn, Flat 6.3158 DRIVEWATS/STEER
SUbbas v &7 Lawn. Mad 96797 SIDEWALKS/FLAT
v Model Bound v | B7B, Lawin, Steep 26391 SIDEWALKS/MOD
| 3 v . Forest, Flal O SIDEWALKS/STEEF,
Watsishad Dd
WMap Contiols A v T, Forest, Mod PARFING/FLAT
@ a# ﬂi‘![ Landuse Tope) || B Fet Bleep FEREING/MOD
Vegetation Ty v T, Pasture, Flat FERFING/STEER
Move Elemants Impervious Fa v T, Fastuie, Mod POND
@ ‘wetland Desi Iv L, Pasture, Steep
<F' ED P v T Lawn, Flat
j i L. Lawn, Mad

Canfiguration

£

i

R

HEEEEEE

Savexy | Loadsy |

P — ll i S Basin Totel bores
Yy

6/11/2006 9:29 AM

The land use information is translated by WWHM3 into the appropriate pervious and
impervious land categories for each basin element.
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S WwHM3 EEX

File Edit Yew Zoom Help

DEMd & =
[~ [ [~ [ . [
3 S | | M =] ]
-~
ema =] REm. 3
SCENARIOS = ools L]
¥ Predeveloped Standard Import Features  GIS Import
H .
I Mitigated j— ~ GIS Import
WAV P 1 r = v | I d P + Pradeveloped  © Developed Mitigated
I VAFiVi |
Fiun Scenario i L < Mame of Import Filefcsv): |CACCS W Projects\wWHM3 Bookhanal (32206 intersect_inl-freq.c Browse
EERRIBEEE sy irs 1 || AHAES Inpor Fe(csel [EACESPrects\uwHM3 BoskiWhaico Subbasin louingesv | Bromse
= h I
1 /i Canfiguration Filefosf: | _lisrgvlzJ
| WY £ iF /
::t#_ Soil Type SOIL_GROUP | Reach Name Fieach Number |
,,:‘ —— Slope PRCT_SLOPE = | Upstream Elevation  |Upstream Elevation ';
|- .. ;
- Subhssin WMP_BAS|1 = | Downstieam Elevalion [Downstieam Elevation ~|
EEmi Ll T Modsl Baunday Designatien [[ptional 8 [ s [Gesh =
T ot ] = Watershed Desighation Optional - | Side Slope sideslope ,i
- i = Landuse Type LL_GROUP - | Length r_“—“:jLength =
SR i egetation Type [VEGETATION =] widkh T
|———+ el 2
Impervious Factar IMPERVIOUS = | Manning Casfficient hmm =
- Move Elements g
Py Wetland Designation [Gptional =] Contrbuting Sub Basin [Contibuling Subcatch ~
QEI @ Hrea [ac) PM=_ACRES = | Downstream Eonneclmr\in.ams ta Reach Mumb vi
E:. E]
-
Savexy | Loadsy |
®RE ] il i BasinTatal  [FE.282 hires T
v B
e
< *

[B1/2006 1044 AM

Clicking on the Schematic grid shows the combined basin and channel scenario.
If there are a large number of basins and channels the layoff of the individual elements

can be confusing. Elements can be manually moved on the Schematic grid, but in the
example above it would be a long and painful process.
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Standard Import Features  GIS Impart |

- GIS Impart

(% Predeveloped

" Developed Mitigated

Mame of Import File(csy): ;CZ\CCS\PIO\EDIS\WWHM3 Bookhanal 032206 intersect_find-freq.c Browse

RCHRES Import File[csy]: iC:\CCS\Plo\acls\WHM3 BookiWhatcom Subbasin Routing, csv

Browse

St | [illﬁ%j
Soil Type SOIL_GROUP - | Reach Name Reach Number vi

Slope PRCT_SLOPE = | Upstream Elevation Upstream Elevation 'i
Subbasin WMP_BASI_1 = | Downstieam Elevation  [Dgwnstream Elevation vi
Model Boundary Designation {0 prional « | Depth depth vi
Watershed Designation Optional - | Side Slope sideslope vi
Landuse Type LU_GROUP ~ | Length Length vi
Yegstation Type VEGETATION | Width it 'i
—— Impervious Factor IMPERYIOUS | Manning Coefficient [ rpanring v]
Moave Elements L e W i i
ﬁ e ‘etland D esignation Optional = | Contibuting Sub Basin |Contibuting Subcatch
@ Area (ac) Ph_ACRES - | Downstream Ennna-:lmr’\i[),am to Reach Mumb vi
% Execute Import |
Saveuy j Load xy ] l
P — Tl S BainTotd 22 s 3
v ——=
bl
L ]

h [BA11/2006  [10:55 A
A better alternative is to import a basin location file to reorganize the basin and channel
elements on the Schematic grid. Make sure that the Schematic window is lit, click on

Edit, and scroll down to and click on Import Basin Location.

Before using Import Basin Location make sure that the Zoom factor for the Schematic
grid is set to 1X. A Zoom factor of 2X or 5X will not work.
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Standard Import Features 615 Impart

- GIS Impart

* Predeveloped  ( Developed Mitigated

Flun
LSS Narne of Impart File(csv]: {CACCSProjectsWHM3 Book\anal_032208_intersect_finffieq.c __ Browse
ELEMENTS

RCHRES Import File(zsv): [CACCE Projects'WwiHM3 Bookiwhatcom Subbasin Fouting csv RTEIEE

7 Reach Name Fieach Number vi
- Upstream Elevation Upstream Elewation vi
| - @ ek

Configuration File[csf):

Downstream Elevation  [Downstream Elevation v! 7
anal_N32206_intersect_fin1-freq
'J Depth depth -]
FRecent ubbasin Routing Side Slope sideslope v!
Type: Microsft Excel Comma Separated Valuss File lenah
F Date Modified: 8/11/2006 10,50 AM 2na Length e
Size: 1.35 KB Width i o
Deskt
i Manhing Coefficient manning v!
-~ Move Elements —— . L .
@ J Contributing Sub Basin |Contibuting Subsatch vi
: E MAD en Downstream Connection|Tiraies to Asach Hurb |
il Execute Import |
Saveuy l Load &y i g’
% A 4 My Computer =
] — - ] =
g File: name: iBas\n Location Ll pen I v
£l My Metwork  Files of type: iEasm Location File _:] Cancel | | E
I Places e |8f11/2006 (1057 Ab

The basin location file is a user-created comma delimited spreadsheet file that specifies
how the basin and channel elements are linked and displayed on the Schematic grid.

E3 Microsoft Excel - Basin Location

@ File Edit Vew Insert Format  Tools Data  Window ACTI  Help PDF Create!  Adobe PDF Type aquestionforhelp '« o @ X
DEEaSY SAY 28R N A R T A

3 T il .

Arial -0 - B I U % 5 50 ;0

DEE. ARE%.

Al F Upstrearm

A 1T B [ c [ o [ E [ F T 6 [ H [T T 0 T K [ L ["M [ N [J
| 1 |Upstrearn !annstream Side I
| 2 [Whatcormus  Whateom 9 Main 2WEIT WC119
| 3 Whatcom 9 ‘Whatcom & Main 2WC113 WC118
| 4 |[VWhatcam & Whatcom 7 Main 1]
| & |Hannah Whatcorm 7 Right 11 WC129  WCIB1  WC1B2  WC1B3  WC1B4  WC1BS  WOC1EE  WOCI1BS  WCI1B9  We17d v
| B |WWhatcom 7 ‘Whatcom & Main 2WC118  WC120
| 7 |[Whatcam 6 Whatcom 5 Main 1WC121
| 8 |Cemetery Whatcom 5 Right 1WC132
| 8 |E Cemetery Cemetery Right FWC128  WC135  WC136 WC133 WC140 WC200 WC20M
| 10 W Cemetery Cemetery Right IWC133  WC134 WC138 WCT41 WCO171 o WOI7s  WO197 W18 'WwWe1ss
| 11 Whatcom & ‘Whatcom 4 Main o
| 12 |Lincoln Whatcom 4 Left 14 WC126  WC137  WC142 WC143 WOT44  WO145  WOTI4E WO147  We148 WC143
| 13 |Fever Wyhatcom 4 Right ZIWCIO WOID2 W03 WC104 WC1a1 WC183 WC1e4 W15 WWC156  WC1E7 v
| 14 Whatcom 4 ‘Whatcom 3 Main 2WC108  WC1B4
| 15 Whatcom 3 Whatcom 2 Main IWCI0E  WC107  WCT16  WC124  WOC126  WC180  WC181  WC182  We153
| 16 [¥hatcam 2 Whatcarn 1 Main W08 WC112 WC1300 WC13 WiC179 Weis2
| 17 [Whatcom 1 Whatcom ds Main SWCI09  WC1I0 WCT11 WC123 WC178
| 18 [VWhatcom ds Whatcom ds Main IWCTI14  WC1Z2 WC1ZT
19
| 20 |
|21
| 22 |
| 23]
| 24|
| 25 |
| 26 |
| 27 |
| | |
|29
30 =2
H 4 » ¥ Basin Location |4| _>|]J
Ready MWLM
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The format of the basin location file is as follows:

Column A: the upstream channel reach name

Column B: the corresponding downstream channel reach name

Column C: whether the connection is Main, Right, or Left; Main means main channel (in
the middle of the schematic); Right means place the elements to the right of the main
channel on the schematic; Left means place the elements on the left side. The locations
(Main, Right, or Left) are based on the user’s sense of style and convention.

Column D: number of basins connecting to the channel reach

Columns E-Z and beyond: the names of the basins connecting to the channel reach

The basin location file can be changed or updated and reused as needed to improve or
correct the display on the Schematic grid.

T [BEIET
Eile Edit Yew Zoom Help
DEd & =R
. = . = N [ [
& | <] [ | | =] r:
S CEX [ i
SCENARIOS | B m
V¢ Predeveloped Gtandard Import Features  GIS Import
I Mitigated - - GIS Impoit
* Predeveloped " Developed Mitigated
il S
Fun Scensiio__ | ! Narne of Impart File(csv]: [CACCE\Projects\Wwi/HM3 Bookianal 032208 intersect_finl fieqe _ Browse |
ELEMENTS = RCHRES Import File(osy): [CACCS Projects\whwHM3 Bookiwhatcom Subbasin Fouting, csv Brawse
2] otigaionriear |
Soil Type SOIL_GROUP = | Reach Name Fieach Mumber '1
Slope PRCT_SLOPE = | Upstream Elevation  |Upstream Elevation '1
. Subbasin WMP_BASI_1 = | Downstream Elevation [Downstream Elevation
ods! Boundary Designation [Gatenal =] Depth | |
=i Watershed Designation Optional ~ | Side Slope sideslope ']
Landuse Type [U_GROUF | Lenath [Cengh 4]
H Vegetalion Type VEGETATION -] width [wign ]
hatoom :
Impervious Factor IMPERYIOUS = | Manning Caelficiant— [fmanring -
- Move Elements g
ﬁ ‘wietland Designation Optional | Contributing Sub Basin [Cortributing Subcatch
QEI @ Hrea [ac) PM=_ACRES = | Downstream Connection Drains to Feach Mumb
E:, ﬂ
Execule Import
Savexy | Loadsy |
% B2 4 5] Basin Total ~ [FE282 Actes F
U
e
G X
18112006 10:58 AM

The basin location file is found and by clicking Open WWHM3 is given the information
needed to reorganize the display of the basins and channels on the Schematic grid.
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F CENARIOS

¥ Fredeveloped

Standard Import Features 613 Impart

S| Mitigated

Run Scenario

ELEMENTS

EE

- GIS Impart

* Predeveloped  ( Developed Mitigated

Name: of Import File{es): |C:\ECS YProjects\wWHM3 Bookhanal_032205_intersect_finl-ieg.c Browse
RCHAES Import Flefcsv): [ SECS Projeots AW HM3 BookVwhaicom Subbasn Rouing csv | Browse

Reach Name Fieach Number -
Upstream Elevation Upstream Elewation vi

Configuration File[csf):

- Savein [ 3 WwHM3 Book = = merE-
H - Downstream Elevation "_‘_ﬂ
I = \whatcom Cresk, csf Daovnistream Elevation
] J Depth depth -]
- thcd Side Slope sideslope vi
[T @ Length Length -
T ” Width r‘ﬁ
o Desktop icdth -+
] Manhing Coefficient manning 'i
- Move Elements—— |17 =~ _ .
@ B ‘_J Contributing Sub Basin | Contibuting Subcatch vi
@ % [} My Documents Downstream Connectio iDla\nS to Reach Numb vi
P e——CeC T s Execute [mpork l
Saveny i Load wy i - \QJ
My Computer
® kilm g
Y B -
Q File name: ;‘ Save I
. v
4 MyMetwork  Saveasbper |GIS Configuraton Fils = Cancel | =
= Places =
| |8f11/2006 1 11:46 Ahd

The final step in the GIS Import process is to create a Configuration File. The
Configuration File records the Import File and the RCHRES Import File and their column
linkages to the appropriate categories for each file.

Creation of a Configuration File is optional, but allows the user to update the information
in either the Import File (for basin information) or the RCHRES Import File (for channel
information) and then re-input all of the data in the WWHM3 model. This is done by
selecting the previously created Configuration File and then clicking on the Execute
Import button. By selecting the Configuration File the user then bypasses manually
making all of the connections for the Import File and the RCHRES Import File.

The next step is the input of the GIS data into the SWMM routing option.
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WWHMS3 Procedure for Updating GIS Conveyance Data

Because of data gaps in the city’s GIS conveyance data we needed to add conveyance
system data for use in the SWMM modeling, described below. This new or modified
conveyance system data needs to be documented in the city’s stormwater conveyance
system GIS database so that future model users know what data are based on field
measurements and what data are estimated and added for modeling purposes. The
estimated conveyance system data eventually should be field checked and replaced with
accurate field measurements.

The information below is provided so that GIS users can identify the estimated data and
understand how it has been added to the GIS database.

Clear Creek Solutions used the following steps to modify the GIS database:
1. added additional fields that include all required data
2. updated existing data, in cc_ fields only, with missing data
3. provided a file that includes 80 elements to be added to the GIS data
4. verified that the original SWMM files can be reconstructed from the updated GIS
database

GIS Update:
1. File cvy bham cc pmx appendl.dbf must be updated to match APPEND1.DBF
O add 4 new required fields: cc_ Geoml, cc_Geom?2, cc_Geom3,
cc_Barrels
O create additional elements from APP_ ADD.DBF

Files included:

appendl new.dbf (APPENDI1.DBF)
- include all updated data to replace original file
- the index files *.sbn and *.sbx must to be updated or recreated by Parametrix
- includes 4 new required fields: cc_ Geoml, cc_ Geom2, cc_ Geom3, cc_Barrels

appendl add.dbf (APP_ADD.DBF)
- includes 80 additional elements to add to the GIS model
- includes extra fields: From Easting, From Northing, To Easting, To Northing
to
assist in locating the elements
- the extra field are not required in the final product and may be dropped

Bell.mdb is the project database including all data tables, queries, and macros to update
GIS database file.
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Procedure to export to SWWM model database files:

The SWWM model requires two tables Conduits and Nodes. (See SWWM table layouts
below for Conduits and Nodes table layouts.)

The Conduits table can be reconstructed with a single, simple query that

1) assigns ID: CStr([cc_ID]) where <> 0

2) cc New Tab = <see list of values> | ECENoYRIAE

baker-culverts-import
cemetary-whatcom
fever-whatcom

3) assign default values to all fields with no
corresponding columns
4) assign values to all fields with corresponding

columns hannah-whatcom
lower-paddenpipes-converted
silverconvey
The Nodes table can be reconstructed with two queries. squal-rest-culverts-import
First query — returns all From Nodes upper-paddenpipes-converted
1) assigns ID: CStr([cc Nodel]) where <> 0 whatcom-whatcom

2) cc New Tab = <see list of values>

3) assign default values to all fields with no corresponding columns
4) assign values to all fields with corresponding columns

Second query — returns all unmatched To Nodes

5) assigns ID: CStr([cc_Node2]) where <> any CStr([cc_Nodel])
6) cc_New Tab = <see list of values>

7) assign default values to all fields with no corresponding columns
8) assign values to all fields with corresponding columns
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Bell.mdb

Steps to reproduce results:
Tables
1) drop tables append1 new, appendl add
2) copy layout and data from append]l newO to append]l new
3) copy layout and data from append1 addO to appendl add
Macros
4) run mer 1 _appendl new to
- Add cross node records
- Add data to new fields cc Geoml - cc_Barrels
- Add cross node records
5)run mcr 2 Tables new to
- Drop resultant tables
- Create resultant table structures
- Add data from appendl new table
6) run mcr 3 Additional add to add 95 records
- compare original conduits and new conduits tables
- add missing records to append] add with Easting and Northing data
7) copy and append appendl add to append]l new
8) run mer 2 Tables new to
- Drop resultant tables
- Create resultant table structures
- Add data from appendl new table
9) run diff* queries to note any differences between
original conduits and new conduits tables
10) run mer 4 Recreate to
- recreate original database files from appendl new

Export new APPEND1.DBF and APP_ADD.DBEF file to update
cvy_bham cc pmx_appendl.dbf

1) qgryExport_appendl dbf
- export to dBase IV format

2) qryExport_appendl add dbf
- export to dBase IV format
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Recreate “Conduits” table (qryExport <basin> Conduits)

E= gryExport_Baker_Conduits - Select Query

6
<) m| b
Field: |1D: CStr{[cc_ID]) cc_New_Tab Easting: 0" Morthing: "0" LineWidth: 1 LineColor: 0 TextVisible: Yes TextAngle: [
Table: appendl_new -
Sort: |Ascending
Show: [l [v
Criteria: |<=0 | “baker-culverts-Hmport” | | | |
or: bt
£l >

SELECT CStr([cc_ID]) AS ID,
"0" AS Easting,
"0" AS Northing,
1 AS LineWidth,
0 AS LineColor,
Yes AS TextVisible,
0 AS TextAngle,
8 AS TextSize,
0 AS TextColor,
Str([cc_Node1]) AS [Node 1],
Str([cc_Node?2]) AS [Node 2],
append1_new.cc_qryCond AS Type,
appendl1_new.cc_Length AS Length,
appendl1_new.cc_Slope AS Slope,
append1_new.cc_Roughne AS Roughness,
appendl_new.cc_Geom1 AS Geoml,
appendl_new.cc_Geom2 AS Geom?2,
appendl_new.cc_Geom3 AS Geom3,
appendl1_new.cc_Barrels AS Barrels,
appendl1_new.cc_.Comment AS Comments,
0 AS ComputedFlow,
0 AS ObservedFlow,
0 AS ComputedVelocity,
0 AS ObservedVelocity,
" AS Field1,
" AS Field2,
No AS Selected,
-1 AS HandleTl,
-1 AS Handle2,
-1 AS Handle3,
-1 AS Handle4
FROM append1_new
WHERE (((CStr([cc_ID]))<>0) AND ((append1_new.cc_New_Tab)="baker-culverts-import"))
ORDER BY CStr([cc_ID]);
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Recreate “Nodes” table query 1 of 2 (qryExport <Basin> Nodes1)

= gryExport_Baker_Nodes1 : Select Query

dlcc_Mew_Tab
o I8
cc_MNodel
cc_Mode2
cc_gryCond ¥

hi
81| IR 5
Field: (C5Str{[append1_new].[cc_Node?]) cc_Model cc_Mew_Tab ID: CStr{sppendl_new.cc_Model) Easting: To_Easting Morthing: To_MNorth &
Table: appendl_new_1 appendl_new appendl_new append1_new
Sort:
Show: m T m
Criteria: | =0 I Mull | baker-culverts-mport” |
or:
2]
£ >

SELECT CStr(append1_new.cc_Node2) AS ID,

appendl_new.To_Easting AS Easting,

append1_new.To_Northing AS Northing,

7 AS PointSize,

0 AS PointColor,

2 AS PointStype,

Yes AS TextVisible,

0 AS TextAngle,

8 AS TextSize,

0 AS TextColor,

0 AS Inflow,

0 AS Concl,

0 AS Conc2,

0 AS Conc3,

0 AS Conc4,

" AS Comments,

0 AS InlutFlow,

0 AS ComputedDepth,

0 AS ObservedDepth,

" AS Field1,

" AS Field2,

No AS Selected,

-1 AS Handlel,

-1 AS Handle2,

-1 AS Handle3,

-1 AS Handle4
FROM append1_new LEFT JOIN append1_new AS appendl_new_1 ON (appendl_new.cc_New_Tab =
appendl_new_1.cc_New_Tab) AND (append1_new.cc_Node2 = appendl_new_1.cc_Nodel)
WHERE (((CStr([append1_new].[cc_Node2]))>0) AND ((append1_new_1.cc_Nodel) Is Null) AND
((append1_new.cc_New_Tab)="baker-culverts-import"));
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Recreate “Nodes” table, query 2 of 2 (qryExport_<Basin> Nodes2)

= gryExport_Baker_Nodes2 : Selec

T

cc_Geoml
oc_Geom2
oc_Geom3
cc_Barrels
From_Easting

|8 |

|
|

152

Field: |cc_Mew_Tab ID: CSir(foc_Node1]) Easting: From_Easting Morthing: From_Nor | PointSize: 7 PointColor: 0 PointStype: 2 Text 2
Table: |append1_new appendi_new appendl_new
Sort:
Show: [

Criteria: | "baker-culverts-mport™ | =0
or:

SELECT CStr([cc_Nodel]) AS ID,
appendl1_new.From_Easting AS Easting,
append1_new.From_Northing AS Northing,
7 AS PointSize,

0 AS PointColor,
2 AS PointStype,
Yes AS TextVisible,
0 AS TextAngle,
8 AS TextSize,
0 AS TextColor,
0 AS Inflow,
0 AS Concl,
0 AS Conc2,
0 AS Conc3,
0 AS Conc4,
" AS Comments,
0 AS InlutFlow,
0 AS ComputedDepth,
0 AS ObservedDepth,
" AS Field1,
" AS Field2,
No AS Selected,
-1 AS Handlel,
-1 AS Handle2,
-1 AS Handle3,
-1 AS Handle4
FROM append1_new
WHERE (((CStr([cc_Node1]))>0) AND ((append1_new.cc_New_Tab)="baker-culverts-import"));
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SWWM table layouts:

Conduits Table Nodes Table

Name Type Size Name Type Size

ID Text 50 1D Text 50
Eastings Memo - Easting Double 8
Northings Memo - Northing Double 8
LineWidth Long Integer 4 PointSize Long Integer 4
LineColor Long Integer 4 PointColor Long Integer 4
TextVisible Yes/No 1 PointStyle Long Integer 4
TextAngle Long Integer 4 TextVisible Yes/No 1
TextSize Long Integer 4 TextAngle Long Integer 4
TextColor Long Integer 4 TextSize Long Integer 4
Nodel Text 50 TextColor Long Integer 4
Node2 Text 50 Inflow Single 4
Type Integer 2 Concl Single 4
Length Single 4 Conc2 Single 4
Slope Single 4 Conc3 Single 4
Roughness Single 4 Conc4 Single 4
Geoml Single 4 Comments Memo -
Geom?2 Single 4 InputFlow Single 4
Geom3 Single 4 ComputedDepth Single 4
Barrels Single 4 ObservedDepth Single 4
Comments Memo - Field1 Text 25
ComputedFlow Single 4 Field2 Text 25
ObservedFlow Single 4 Selected Yes/No 1
ComputedVelocity Single 4 Handlel Long Integer 4
ObservedVelocity Single 4 Handle2 Long Integer 4
Field1 Text 25 Handle3 Long Integer 4
Field2 Text 25 Handle4 Long Integer 4
Selected Yes/No 1

Handlel Long Integer 4

Handle2 Long Integer 4

Handle3 Long Integer 4

Handle4 Long Integer 4
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WWHM3 SWMM Modeling Features
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GIS Data WWHM3 PRO

SWMM Element
Data Flow Diagram

Databhase file .dbf

|

PCSWMM Model

Process GIS data to fill in missing data
using Excel and/or CCS proprietary
Calstats program.

PCCSWMM Maodel Output

WWHM?3 Model

|
l'
|
|

R

L T

|

WWHM3 Model Output
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As shown in the above diagram, the data flow for use in WWHM3 is as follows:

1. GIS conveyance system data is processed from GIS files to produce a database
file.

2. The database file is connected to the SWMM file to link the GIS data to the
SWMM model.

3. The SWMM model output is accessed by WWHM3.

4. WWHM3 model output provides flow data statistics for identifying stormwater
problems.

5. The SWMM model can also update the GIS database file.
6. The GIS database file can be read back into the GIS to update GIS files.

The SWMM conveyance element uses the EPA SWMM routing algorithms in place of
HSPF’s RCHRES routing. The advantage of using SWMM routing in place of the
standard HSPF routing is the ability of SWMM routing to explicitly model complex
hydraulic conditions. These conditions occur when there is backwater or other special
situations where HSPF’s assumptions of linear reservoir routing cannot accurately
compute the movement of water from one conveyance element to another.

The SWMM input files were created in their native SWMM programs (WWHM3 does
not create SWMM input files). WWHMS3 read the previously created PCSWMM ' input
files.

WWHM3 produced a seamless (invisible to the user) linkage between the HSPF-
generated runoff and the SWMM routing. The SWMM routing was computed
continuously at the user-specified time step inside WWHM3. WWHM3 transferred the
SWMM-generated routing output to WWHM3 downstream elements (if any) and/or the
WWHM3 WDM database. Everything was done inside WWHM3. WWHM3 PRO
COMPLETE and PCSWMM 2005 were used.

WWHM3 SWMM elements were used to represent the City of Bellingham stormwater
pipe and/or culvert conveyance systems. When the SWMM element was placed on the
WWHM3 Schematic screen then the user had access to the SWMM element window that
linked WWHM3 to the SWMM environment.

Input in the SWMM element window consists of:

SWMM Element Name: Name of the SWMM element selected by the user.

SWMM .DAT file: This is the SWMM input file used when running a SWMM model.
This is a complicated text-based file. This is the SWMM file that was created using

"PCSWMM is a registered trademark of Computational Hydraulics Int. (CHI).
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either a text editor or PCSWMM. When connected to the SWMM.DAT file WWHM3
scanned the file and determined all of the possible connections between the WWHM3
and the SWMM nodes.

Interface File Name: The interface file is a binary file that contains all necessary
streamflow time series data for a connection between WWHM3 and the SWMM model.
This file is different for each SWMM .DAT file. This file is automatically created by the
WWHM3 and connected to the SWMM file. The user only needs to put the path and
name of this file in this box so that the WWHM3 knows what file to create. Multiple
interface files can be created to work with one SWMM .DAT file.

Output File Name: The output file contains the output data from a SWMM run. If there
is a connection from SWMM back into the WWHM3 then the streamflow time series
containing this data will be in this file. The WWHM3 uses the path and filename listed in
this box to find this file, extract the time series data, and automatically link it back into
the WWHM3 model.

Launch SWMM Interface: This button launches the selected SWMM program. Use of
this option allows the user to modify the SWMM model in any way they choose before
running their WWHM3 model. The use of this interface is not required to run a SWMM
model in WWHM3; all that is required to run a SWMM model is the SWMM.DAT file.

WWHM3 Connections to SWMM tab: This environment allows the user to define all
of the connections from WWHM3 elements to nodes within the SWMM model. There
are three columns that make up the interface between WWHM3 and SWMM. The first
column contains the names of the WWHM3 elements (for example, a basin, open
channel, culvert, pond, etc.). The second column contains the percent of the total runoff
from the WWHM3 element that connects to the SWMM node. This is a number between
0.0000 and 1.0000. The third column contains the name of the SWMM node to which
the WWHM3 element is connected.

WWHMS3 Element Name: This is the name of the WWHM3 element that contributes to
this SWMM node. Select an element from the list of basins or conveyance elements that
are connected to the SWMM Element in the Schematic.

Fraction Connected to SWMM Node: This number defines the fraction of runoff that
this element contributes to the SWMM node. The fraction must be between zero and
one. If this value is 1.00 for all connections for this element then the fraction will be
automatically distributed evenly between all connections. If this value is 0.00 then this
connection will not contribute to the SWMM Node.

SWMM Node Name: Name of the node within the SWMM .DAT file. The SWMM
node name is usually created within the software that originally created the SWMM file.
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SWMM Connections to WWHMB3 tab: This environment allows the user to define all
of the connections from SWMM nodes back to elements within the WWHM3. There are
two columns that make up the interface between SWMM and WWHM3. The first
column contains the names of the SWMM elements. The second column contains the
name of the WWHM3 element to which the SWMM node is connected.

SWMM Node Name: The name of the SWMM node that produces output that is then
input back into the WWHM3 model.

WWHM3 Element Name: Name of the WWHM3 element that receives inflow from
SWMM.

Global SWMM Preferences tab: This environment allows the user to define all of the
global controls for WWHM3 interactions with SWMM. These global controls consist of
runoff type connections, time control, and SWMM run control. Each global control is
explained below.

Runoff Type Connections from WWHM3 to SWMM for import of SWMM file:
This feature only used if there is basin land use data to import from the SWMM model.
There are three runoff components that can be connected from a basin within the
WWHM3 to a SWMM node. These components are:

1) Surface Runoff — generally produced only by impervious surfaces; also known as
overland flow

2) Interflow — shallow, subsurface runoff produced by pervious surfaces

3) Groundwater — produced by pervious surfaces; provides base flow in streams

Stormwater runoff is defined as combined surface runoff and interflow; groundwater/base
flow is excluded. Select the checkbox for each runoff component that connects to the
SWMM node. In most situations only the surface runoff and interflow boxes are
checked. The groundwater box is checked when the runoff goes directly to a stream,
lake, or wetland.

EIA% is the percent of the impervious area that is considered hydrologically effective
and produces surface runoff to a conveyance system. Some impervious area drains onto
adjacent pervious surfaces, allowing some of the impervious area runoff (surface runoff)
to infiltrate into the adjacent pervious soils before reaching a conveyance system.
SWMM models typically assume that all of the land use coverage impervious area (total
impervious area) is effective (EIA% = 100). This EIA% option allows the user to apply a
percentage to impervious areas to reduce the total impervious area to represent the
effective impervious area.

Time Control: The Time Control feature allows the user to control the start and end
dates for the creation of interface files and set the computational time step for the
SWMM model runs.

Start Date: Beginning date entered in the following format: yyyy mm dd
End Date: Ending date entered in the following format: yyyy mm dd
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Time Step(sec): Computational time step from 1 second to 86400 seconds (1440 minutes
or 24 hours). This value should be set to correspond to the needs of the SWMM model.
The selection of a time step option that is larger than the time step that the WWHM3 is
using will produce a WWHM3 error. (WWHM3 time step options are: 5 minutes, 15
minutes, 30 minutes, 1 hour, 1 day.) Large time steps can cause instability in the SWMM
model run output; small time steps require more computation time.

SWMM Run Control: The SWWM Run Control features present the user with a
number of options when running SWWM within WWHM3. These features include using
an existing interface file already created by WWHM3 for input to the SWMM routing,
running WWHM3 separately from SWMM, running SWMM Transport design option to
resize culverts, run just a single SWMM element rather than all of the ones in the model.

Use Interface file created from WWHM3 Runoff: This option is for the use of an
interface file that has already been created by a previous run of the WWHM3. Interface
files can take a significant amount of time to generate. As a result it is best to use this
option unless something has been changed in the WWHM3 model and there is the need
to update/recreate the interface file.

NOTE: Interface file creation is critical to the proper use of the SWMM element.
SWMM models use the inflow from interface files for all model runs.

Run WWHMS3 file only: This option should be used if the WWHM3 model needs to be
run for the purpose of creating a new interface file, but there is no need to run the
SWMM model at the same time.

SWMM Transport design option on: This option turns on the SWMM option in the
SWMM Transport module that produces automatic upsizing of existing culverts to avoid
surcharging culverts.

Run SWMM file only command: This command option will shortcut all of the normal
WWHM3 pathways for model runs and simply run the SWMM .DAT file using the most
recent interface file. This is most useful when there are multiple SWMM elements in one
model, but there is only the need to run one SWMM model, and not all of them.

SWMM Connection File: This option allows the user to save/edit/load connection files.
The connection file contains all of the information shown in the WWHM3 Connections
to SWMM tab window.

Save SWMM Connection File: Saves all of the information from the WWHM3
Connections to SWMM tab window to a text file than can be edited manually and re-
imported using the Load SWMM Connection file option shown below.

Load SWMM Connection File: Loads the SWMM Connection text file that contains all

of the connections from the WWHM3 to SWMM. This file will replace all of the
existing data in the WWHM3 Connections to SWMM tab window. This allows the user
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to easily change WWHM3 to SWMM connections for large projects that can contain
hundreds of individual connections.

In summary, below are the typical steps for working with WWHM3 and SWMM models

1)

2)

3)

4)

)
6)

7

8)

Obtain data from GIS
The GIS data should be in ESRI compatible Shape files.

a. The Shape files can be viewed with Clear Creek’s MapExplorer program

b. MapExplorer allows the user to view GIS Data and export data by
selecting a basin.

Prepare GIS Data
The original GIS data may have missing data that will need to be corrected before
it will work in SWMM and WWHM3.

a. Open the GIS map in MapExplorer and review the database table in the
data view window. This will allow you to quickly find the missing data
elements and gaps in data that will need to be corrected.

b. The data that is exported from MapExplorer can be viewed and edited
with MS Excel spreadsheet or MS Access and CCS proprietary Calstats
program.

Note: Using MapExplorer is not required. It is provided as an easy to use tool

for viewing and exporting GIS Data.

Process data using PCSWMM program

See section Prepare a PCSWMM file for connection to WWHM3
Recommendation: locate all GIS, SWMM, and WWHMS3 file on your local C:
disk to avoid potential problems.

a. Create a PCSWMM Model Output file for each SWMM element in your
project

Update GIS (Optional)

a. The updated data file can be returned to GIS. This will reduce the time
required for future iteration.

Create your project in WWHMZ3, or use an existing project
Using SWMM data in WWHM3

a. Add the SWMM element to your WWHM3 project in the Schematic grid

b. WWHM3 is capable of directly using the data from the PCSWMM Model
Output file. When using a SWMM element in WWHM3, simple let
WWHM3 know which SWMM output file to use for this element.

Establish the SWMM to WWHM3 Connections

a. The SWMM element in WWHM3 provides a screen for quickly and easily
creating and maintaining connections. The connections and be saved and
loaded in MS Excel files for easy maintenance.

Run the WWHM3 model
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Example Project

From WWHM3 Map Explorer select the basin for the project you are working on.

& MapEXplorer - WWHM3 Pro Edition

File Help
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The basin project file is loaded into WWHM3.

Select the Schematic icon in WWHM3 to see all of the elements in your project.

File Edit View Zoom Help

Ded & & 2R
s !
SCENARIOS =
v Predeveloped B aker-Spring
I Migated AN

Fiun 5 cenario ]

Select the “Baker Spring” SWMM Element. (SWMM Window opens)
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In the SWMM window, select the “Launch SWMM Interface” button. (PCSWMM

Syhibd DAT FILE | |I::'al;éﬁ"'.squal"-.swmm"-.l:uaker.l:Iat
Interface File Name | |Eﬂ€'rngram FilzshwwHM Phaddingswmm’baker. int

Output File MName | m%bellhsqual"«swmm'\baker.l:uut |
| g,,,1,,,aun;n,,;u,wmm"|mgu,a;gm;| v PCSWhM i HPSwhdb £ Shwhhd 4.4

——|F‘ushing this button will launch the selected swmm interfau:e.|

Whi'HRA 3 Element Mames Fercent Connected to SwtbAkd MNode Mame
Sl Node
5C426 MuilE 1 ji‘
50426 MR BE |
50426 -|= |02 -7 |
50426 MR =11 |
50426 -|= |02 12 |
50458 -|= |0.125 13 |
50458 -|= |0.128 24 |
50458 -| |0.128 |25 |
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PREPARE A PCSWMM FILE FOR CONNECTION TO WWHM3

Open PCSWMM
File / Open folder
Click the ‘Browse Tab’
Browse to “C:\bell\squal\swmm”
Double click the “baker” model
Select Edit GIS option
File / Import Data — this will re-import data from GIS

- PCSWMM 2005 - C;\Wellisgualswmm

dqusHel

Su CE ﬁul Lo o]l o]0 ) 2 L+l @lelols] pim) olola) 16l e

Select Database option (only reads .mdb database file)

. PCSWMM GIS 2005 Import Wizard
Please select from the list of previously created external
datazource profiles or choose to create & new prafile:
eate new external datasource profile
i Splect a previously created profile:

< Back Nest » Finish LCancel
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Load ‘Profile file’( the profile contains all necessary info for Nodes and Conduits)
The profile contains:

3

¥
ife

Iw sl o]l f+fele) alainis] Hm) olelal 18] oy

[Nodes]

Node Data Source File: C:\bell\squal\data\squal-all-import.mdb
Source Table / Query: Nodes

“Delete all entries first” is selected

Node field matching: <correct field assigned>

Click Next

[Conduit]

Node Data Source File: C:\bell\squal\data\squal-all-import.mdb
Source Table / Query: Nodes

“Delete all entries first” is selected

Node field matching: <correct field assigned>

Click Next until completed

E.lﬁ
S ke

Coomdnapen E. = VROEETS BT T, = SRR Ertis v kayer 30 Noden, § Cordaty.
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Update the input file from the GIS data files
Select File / Syncronize with input file
Update Input file from GIS ‘F7’
Use defaults for Update input file
Click Update

A ctwncts (17 thes - ZZZMIN]

—
e Pt Nt b Q): Uy

iy
it

Coordrures §asing « 15755 S9606 Masthng « G774 A1 8 Erotms e 307 s [ Corchity

o WA Mot - Wi

Close PCSWWM. The .DAT file is now ready for WWHM3 SWMM.

In the SWMM window, select the SWMM .DAT File button.

1 SWMM Element Name: [Eaker-Spring
Sywihibd DAT FILE | [Cbellsqualiswmmibaker.dat
Interface File Name | [C:\Program Files\wiwHM 3 addinsswmm'baker.int

Output File Mame | [E5belhsqualswmmibaker.out
Launch S'whM Interface ] v PCSWMM - O #PSWM - O SwikM 4.4

S¥MM Input Connections

WhiAHRMS Element Mames Fercent Connected to et % ¥ B
SivhAbd Mode
]5@425 ~| Ju.:z -j1
Il_\ll‘-\ﬂi'll"' 1— Il'l [a] —II"'

Select the “Baker.dat” file from the “bell/squal/swmm” directory.
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| Look in: ][f-_")swmm _:! i =k EF-
| e

! -—J |ﬂ sgual-all.dat

| Recent |®] squalrest.dat

| ==

| &

[ Diesktop

|

I o

The Baker input file has now been re-imported into the WWHM3.
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Import Landuse Data: see also GIS Import manual.

Landuse is a combination of land cover (vegetation), land slope, and pervious or
impervious.

Prepare SWMM Connection Files:

swmmnode - WWHM3 connection

subbasin - subbasin connected to SWMM Element

fraction - fraction of flow (0.0000 to 1.0000)

flows - Surface (S), Interflow (I), and/or Groundwater (G)

swmmnode | subbasin | fraction | Fflows

376 | WC135 1| SIG
378 | WC134 0.0909 | SIG
413 | WC134 0.0909 | SIG
434 | WC134 0.0909 | SIG
440 | WC134 0.0909 | SIG
451 | WC134 0.0909 | SIG
470 | WC134 0.0909 | SIG
471 | WC134 0.0909 | SIG
504 | WC134 0.0909 | SIG
508 | WC134 0.0909 | SIG
509 | WC134 0.0909 | SIG
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Running SWMM

The following text describes the steps required to:

1. run an entire project with new WWHM3 elements.

2. run an entire project without generating new interface files

3. run a single SWMM element only with an existing interface file
1. Run an entire project with new WWHM3 elements.
First, manually connect new WWHM3 elements to SWMM.

As an example, we will put a trapezoidal pond on the Schematic grid just below the basin
element that will be flowing to it.

Right-click on the basin and select Connect to Element. Now select the new trapezoidal
pond. Make sure offly Surface Flow and Interflow are checked and select OK. This will
ensure that groundwater is still connected directly to the SWMM Element.

‘ |

SCENARIOS AN — || subbesin Namew:

v Predeveloped Surfac

- Flows To : Trapez
[ Mitigated L =

e Area in Ba

Run Scenario H Available Pe
e -~ [ A, Forest, Flat

:‘ [~ A7D, Forest, Mod

[~ A/B, Farest, Steep

v A B, Pasture, Flat_

0 Ba 0 eyance ] v Aimreh'lod

i Flof From: w AB Lawn Flat

{ : v BB Lawn Mod _

],; s F ——| Trapezoidal Pond 1 = m

—| Trapezoidal Pond 1 v C,Foest Flat
v C.ForestMod
[ C.Forest Steep
Iv C.Pasture, Flat
ak v C.Pasture, Mod
w C.Pasture, Steep
[ C.Lawn Flat
jw C.Lawn Mod
|| e e

| Groundwater Surhtd 1

Move Elements

Save x,y| Lolad x,y| 4 | | _)]
Right-click on the pond and select Connect to Element. Now select the SWMM element.

Select the SWMM element and click on the WWHM3 Connections to SWMM tab. This
is where you add a connection from the pond to the SWMM element.
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WANHM3 Connections to Sk | SWMM Cannections to WiwHM3 | Global SWM « | » |
\

| &% SWMM 1 Predeveloped
S¥WMM EI Name: |5 1
SWhiM DATFILE | [Eibeielvenewmmeive: Creskdat
Interface File Narme | [Cibelslvenswrmbsier Cieeknt. |
Dutput File Name | [ESbellsiverswmmbsitver Cieskup.out |
W Launch SwiMM Interface | + PCSwWMM - 7 XPSWMM -  Swikid 4.4
: - SWMM Input Connections

| ‘ AWAYHMS Element Name Ffad@'uh-?}_am’nactedm; SWhik Node Name ‘
| _SWhin Node |

Sv509 - noszs 117 B
/503 ~| |0.02s H118 -
S/G03 ~| [noszs 113 -]
SVE0d ~ | |ooszs 120 -
SV/503 - |noszs 21 -
SVETD - |n1667 Hiz22 -
/503 ~| |0.02s H123 -
SV ~ | |naes7 124 -
SVETD - |01667 125 -
SVETD ~| |o.1667 126 -
/510 | |0.1667 H127 -

SVETD 01667 =128 LJ

i =l

2

Scroll to the bottom of the connections list and click the down arrow to add a new
connection. Select the down arrow on the next available drop-down box to reveal the list
of elements you can connect. Select ‘Trapezoidal Pond 1’ from that list. In the middle
column, type “1.” In the third column, select the SWMM node that the pond connects to.
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J Output File Name | [C4belbsiberswmmbsilver Creskup.out
Launch St Interface | o PCSWMM 7 RPSWwWMM O SwiMM 4.4
SWMM Input Connections

‘ WANHRIS Element Mame ‘ Fraction Connected to ‘ SWiAM MNode Narme ‘
. | S Node . |
|5vE03 | [n.0s2s 17 gE
[EYE ~ | |n.o62s 118 |
|5vE0a ~ | |n.o625 {119 |
|svang - | [o.0628 120 |
|5vE03 - | |n.o6es el |
|5vE1D ~ | |n-1687 122 |
|5vE0a ~ | |n.o625 123 |
[sve10 - | 01667 124 |
|5va10 - | |n.1667 125 -
|5vE1D ~ | |n-1687 {126 |
[svsi "l — -]
TR0 | [ovee7 128
|Trapezmdal Pond 1 j' |1 j
~

mm saSiabtd | S Connections to

To Connect output from SWMM nodes back to WWHM3 elements select the SWMM
element you wish to connect to the WWHM3 element and click on the ‘SWMM
Connections to WWHM3’ tab.

=

| &% Hannah Predeveloped
S¥WMM Element Name: |Hannah
Swwhtd DAT FILE | [EbelfwhatcombswmmmsHannah DAT

- - el
SCENARIOS IIIIIIIIIIIIIIIII =

v Predeveloped

Interface File Name | [ChbelwhatcombswmmsHannahint

I Mitigated

[ | | Hannal = Output File Mame | [Chbeliwhatcombswmmshannah, out
__ RunScenario | ] Launch SWMM Irterface | & PCSWMM 7 HPSwhM  ( SwikM 4.4
— T - = 1
— ELEME I Global SWMM Run Preferences
3T m Funoff Type Connections From WhWWHRM3 to SWhdbd for impaort of swmm file.
f 4 v Surface Runoff v Inkerflow v Groundwater Elak 100
LY | FiF
S I
LAY |y A rird Time Contral
[ BRI wuyy A dd
P
{11 Start Date:  [1968 1001
| 10
i y End Diate: 2004 09 30
— Time Step [sec]: 900
I Svi'hdbA Bun Control
7. O B | & v Use Interface file created from WA/ HR 3 Runaff

I Run WANHRS file only
[ SWhiM Transport design option an:

tove Elements

Run SWhikd file only

Save H,_',l| Load .y | 5 | | L] ..... i
P e
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chematy & = atco a edeveloped
SCERARIUS PP 2 [ISWMM Element Name: bhatco bain
v Predeveloped Sl DATFILE | [ESbelfwhalcombsnmmtwhalcom DAT ]
I e . | _interface Fie Name |  [EXEsTmhatcamsenmmhateamint |
- Output File Name [Ebelhwhatcomismmmiwhateom,out |
Fun Scenaio | f, = Launch Sl  HPSWMM  C SwhiM 4.4
ELEMENTS in/mim} I SW uput Connections
X SN Mods Name MG Element Nams ‘
/ 1 2
\i\ H””.‘ j Wigcom 3 j‘“J
AYAY £l om 3 |
Hib Y _'JJ
om 3 j
il £ (cteom 3 j
] OC i hatcom 2 L]
T FE= - —]Whatcnm 2 LJ
i - .—|Whatcnm 2 L]
T |78 ~[—fwheteam -
|78 | —fWhatcom e -]
e e |70 | —fWhatcam 1 -
4 [721 | —fwhatcom -
Al [ By =,
] )

iivHM3 Connections 1o SWhM - Sy Connections to WhWHM3 lG\Dba\ Siivbdbd 4 | »

3] a—

Select a node from the SWMM Node Name column. This may be a new or existing
node. Click on the drop down arrow to list the nodes and choose which node you wish to
connect from the WWHM3 Element Name list. Select the element you wish to connect.
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Select the GLOBAL SWMM PREFERENCES tab and make sure that the ‘Use Interface
file created from WWHM?3 Runoff” box is not checked.

Funoff Type Connections From WYHM3 to SYWhM far import of swmrm file.
Iv Surface Runoff v Interflow v Groundsater ElAz 100

Time Control
yywp/mmddd

Start Date: 1968 10 07
End Date: 2004 09 30
Time Step [zec] 500

Sihitd Bun Control
\I— illse Interface file created from WAAHM3 Runaff
I~ RunWAhHM3 file only
[~ SwMM Transport design option on:

Fiun Shibd file anly |
Save SWhiM Connection File | |
Load Svvhi Connection File | |

SVWMM Connections 1o WWHMI _Global SYMM Preferences | >

In the Schematic form, select RUN SCENARIO in order to create a new SWMM
interface file that reflects these changes.
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2. Run an entire project without generating new interface files.

If a previously created SWMM Interface file is available and no changes are needed, you
can run the model with the ‘Use interface file created from WWHM?3 Runoff” box
checked in the GLOBAL SWMM PREFERENCES tab of the SWMM element.

Funoff Type Connections From YWWAYHR 3 to SYWhM for import of swmm file.
|v Surface Runoff W Interflow v Groundwater Ela% 100

Time Control
yuyy/mmAdd

Start Date: 1968 1001
End Date 2004 09 30

Tirne: Stey

Sttt Run Cantrol
[~ Use Interface file created from WWWHM3 Runaft

[ SwMM Transport design option on:

Fun SvhM file anly |
Sawve SWhiM Connection File | |
Load SvwhM Connection File | |

Svhdl Connections to WWHM3I  Glohal Syl Preferences 4/r
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3. Run a single SWMM element only with an existing interface file.

You can run a single SWMM element even if you have multiple SWMM elements shown
on the Schematic grid. You may want to do this when you have made a change to that
single SWMM element and have not changed anything else in the project.

Press the ‘Run SWMM file only’ button in the Global SWMM Preferences tab to run
only that SWMM element and not any others.

Sl Hun Control

[~ Use Interface file created from \wwHM3 Runaff
™ Run WWWHM3 file only

I SwMM Transport design option on:

Fun SYWhihd file anly
onnection Fi
Load S Connection File | |

Svvhdl Connections to WWHM3I  Glohal Syl Preferences 4|r
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Data Translation

Contents:
e BellinghamDataReport.xls - Report of added and modified data for
model color.
e BellinghamDataReport BW .xls - Report of added and modified data for
model mono.
¢ BellinghamDataReview.xls - Detail data with changes highlighted and
stats.
Data\ - Database information
Baker-Squal\ - example subbasin data directory
Baker.mdb.Conduits - Additional data fields Type, Length, Slope,
Roughness, etc
Squal-all-import.mdb - MS-Access database containing all data used in
this report
Tables
e sc-convey-arcs-110106 - Original data from GIS
e Dbaker-culverts-import - Intermediate data required by model
e Conduits-baker - Resultant additional data fields
Queries
e qryModifiedData baker - Return only modified records for ~DataReview.xls
e qryMap-bakerExport - Export to Baker.dbf file for use with ArcView for
maps.
GIS\ - ArcView Maps

Copy GIS directory to C:\GIS
Open <subbasin>.apr using Arcview 3.2
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APPENDIX A: Detailed Problem Identification and
Solutions

Whatcom Creek Basin Deficiencies (PDF)
Other Creek Drainage Deficiencies (PDF)
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APPENDIX B: Cost Opinions

Cost for Stormwater Improvements to the Whatcom Creek Basin (PDF)
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APPENDIX C: 1995 HDR Watershed Master Plan

1995 Watershed Master Plan (9.000K PDF)
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APPENDIX LW: Lake Whatcom Stormwater Management
Program

An Evaluation of Stormwater Phosphorus and Recommended Management Options by
Parametrix in October 2007 (9,000K PDF)
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