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INTRODUCTION AND EXECUTIVE SUMMARY  
 
 
INTRODUCTION 
 
The City of Cle Elum (City), located in western Kittitas County and shown in Figure 1-1  Washington State 
Vicinity Map, owns and operates its stormwater system that serves the core of the City. Much of the 
system was installed more than 40 years ago and is comprised of catch basins and conveyance piping to 
infiltration ponds located southeast of the City, adjacent to the Yakima River.   
 
This Stormwater Plan (Plan) includes the approximate location and description of existing catch basins, 
conveyance piping, and infiltration systems serving areas within the City. The sections of this Plan 
describe the basis for development of planning areas, growth projections, forecasted municipal 
stormwater flows, and design criteria for recommended stormwater system improvements. Maps showing 
the existing stormwater system inventory are included in Appendix A. 
 
The City recognizes the need to improve and maintain its stormwater system to properly collect, convey, 
and infiltrate stormwater from the impervious surfaces throughout the City, and to plan for expansion of 
the system. HLA Engineering and Land Surveying, Inc. (HLA), was authorized by the City to prepare this 
Plan, which represents the culmination of planning and data collection efforts. 
 
The Plan includes the following information: 
 

�x Purpose and need for the Plan. 
�x The existing and proposed service boundaries. 
�x Layout map, including existing and proposed catch basins, existing and proposed stormwater 

conveyance piping, topography and elevations, streams, lakes, and other bodies of water, and 
location of major water system components. 

�x Identified problem areas, needed upgrades and improvements, and future expansion/extension 
considerations. 

�x Financial evaluation/rate study, including the cost of proposed debt service and operation and 
maintenance costs. 

�x The Stormwater Operations and Maintenance Plan. 
 
PURPOSE AND OBJECTIVE OF PLAN 
 
This Plan evaluates the existing system condition and needs and addresses potential improvements and 
expansion within the current use area. As such, the Plan has been developed to serve as a guide for the 
necessary improvements, expansion, and maintenance of the City's stormwater collection, conveyance, 
and treatment facilities. It also has been developed to ensure the orderly growth of the system while 
maintaining reliable service. Additionally, this document is intended to guide utility actions in a manner 
consistent with other activities taking place in the community. 
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The following major components are included in this Plan: 
 

�x Definition of the planning area, determination of the areas in and around the City most likely to 
grow. 

 
�x Development of estimates for the current quantity of stormwater and projected quantity to be 

generated within the planning area. 
 

�x Evaluation of capacity and condition of the existing stormwater system. 
 
The sections of this Plan describe the basis for stormwater flow rates and design criteria for 
recommended improvements. Major stormwater system components are shown in Appendix A. 
 
SUMMARY OF SYSTEM ANALYSIS   
 
A hydraulic analysis of the existing City stormwater collection and conveyance system was performed to 
evaluate the capacity of the system and to identify specific hydraulic loading problem areas. The 
computer-assisted analysis (using SewerGEMS) uses pipe sizes and slopes, swales, catch basins, and 
manholes, to model system conveyance and deficiencies, showing areas of present and future concern. 
The results of the analysis show: 
 

�x Existing System: Through video inspection and observation, it was found that portions of the 
existing system are dilapidated and in poor condition. To be categorized as “poor condition,” a 
pipe must have had one or more qualities such as collapsed, antiquated, or showing signs of loss 
of structural integrity. Comparatively, areas in the First Street corridor from Billings Avenue to 
Peoh Avenue, and north of Sixth Street within the City Heights development, were recently 
updated or installed, and showed no sign of poor condition pipes.   

 
�x Future Buildout System: The future buildout system considers City and system growth within the 

next ten years. These system projections include completion of the buildout of City Heights 
developments. With this increase in impervious areas from new public roads, the system will fail if 
no upgrades or improvements to the current system are implemented.  

 
�x Year 2043 System: Two hydraulic analyses were performed to examine the existing and 

proposed future stormwater system at peak flows generated by the complete development within 
both the City and Urban Growth Area (UGA). With these developments, the future increase of 
impervious areas led to increased runoff flows entering the system. These flows from future 
collection basins were modeled and routed through the existing collection and conveyance 
system to examine system loading capacity and to determine system size increases sufficient to 
alleviate surcharge or over-capacity conditions in the system.  

 
SUMMARY OF RECOMMENDED IMPROVEMENTS 
 
Improvements to the existing collection and conveyance system, and expansion to accommodate future 
growth with their associated costs are identified within CHAPTER 6 of this Plan. The summary of the 
recommended improvements and costs is listed in Appendix C. 
 
This Plan does not address treatment capabilities of the regional detention or water quality facilities. That 
is, this information is not a part of the study conducted for this report. It is recommended, however, that 
further evaluation of these locations in the future will be necessary to determine any additional stormwater 
treatment requirements. 
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Repair and Replacement Needs: 
 
Multiple areas of improvement have been proposed to address identified sections within the existing 
collection system and remedy problems such as inadequate pipe slopes, collapsed or broken pipe, 
separated joints, root and debris intrusions, and illicit connections to the storm system. The City recently 
conducted an inventory and video inspection study of the collection system to identify additional areas in 
need of repair. These areas are described in more detail in CHAPTER 4. 
 
Much of the City’s stormwater system is at, or more than, 50 years old, and has, or is reaching, the end of 
its service life. Therefore, it is expected that additional areas will be identified as needing replacement or 
repairs when inspection, operations, and maintenance continue in the future. 
 
SCHEDULE OF IMPROVEMENTS AND ESTIMATED COSTS  
 
It is recommended that the City proceed with construction of improvements to the existing system 
referenced in Table 6-1, and shown in Figure 6-1 and 6-2. Estimated costs (in 2025 dollars) for 
construction of the improvements recommended are also presented in Table 6-1. 
 
ESTIMATED COSTS AND PROPOSED STORMWATER SYSTEM FINANCIAL PROGRAM  
 
Developing a plan for project financing involves examining current system expenditures and revenues, 
integrating the schedule and costs of the recommended improvements into the City’s financial structure, 
recommending funding sources, and developing a method to pay for the identified improvements. 
Recommended stormwater system improvements are necessary to improve system performance for the 
existing system, and in preparation for any increased future buildout system loading. A schedule and 
estimate of costs for recommended improvements are provided in Section 6.2 of this Plan. Timing of the 
improvements has been developed to allow the City to meet the most pressing needs while maintaining 
positive fund balances. 
 
Revenue increases are necessary to fund recommended system improvements identified in the Plan. The 
City plans to continue inspection of the system, and additional projects will likely be identified to replace 
dilapidated and broken pipes; replace and/or repair deficient manholes, catch basins, and drywells; 
update and protect existing swales and conveyances; and introduce new systems to better move 
stormwater out of the roadway. To fund these collection systems and improvement/maintenance program 
projects identified in Table 6-1, it is recommended that the City adequately increase and equitably 
establish user rates between its customer classes. A rate study has been conducted, as discussed in 
CHAPTER 7, and a copy of the study can be found in Appendix D. 
 
The rate study determined the stormwater utility rate be initiated and established as $10.00 per month, 
per Equivalent Residential Unit (ERU). Due to unknowns related to operating expenses and growth, the 
City should also continue to monitor system finances and make necessary annual adjustments in rates to 
fund expenses adequately.  
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CHAPTER 1 – INTRODUCTION AND DESCRIPTION OF STORMWATER SYSTEM 
 
 
1.1  BACKGROUND INFORMATION  
 
1.1.1  Stormwater System Ownership 
 
The City owns and operates its stormwater system. Decisions regarding daily stormwater system 
operations are made by the Public Works Director. Financial decisions regarding major system 
improvements and the establishment of stormwater rates are made by the Cle Elum City Council. 
 
The following parties are involved in the operation, maintenance, and planning for the Cle Elum 
stormwater infrastructure: 
 
 OWNER AND OPERATOR: 
 
  Owner:   City of Cle Elum 
  Mayor:   Matthew Lundh 
  Public Works Director: Mathew Bailey 
   
 STORMWATER SYSTEM CONSULTING ENGINEER: 
 
  HLA Engineering and Land Surveying, Inc. 
  2803 River Road 
  Yakima, WA 98902 
  Phone: (509) 966-7000 
  Project Engineer: Dean P. Smith, PE 
 
1.1.2  Background 
 
Founded in the 1870s, the City was incorporated in 1902 and is currently the second largest community in 
Kittitas County. The population peaked around 1915 as a center for coal mining, railroad, and logging 
activities. Today, recreation and tourism are the area’s primary industries. The City has become a 
residential area for commuters working in the greater Seattle area and is central to north Kittitas County’s 
shopping and services. 
 
The City currently operates a stormwater system, however as of the publish date of this Plan, it does not 
have a stormwater utility established to fund operations and maintenance or capital projects necessary to 
effectively manage the system. This Plan provides the City with a document identifying stormwater 
requirements and issues related to both the structural components of the stormwater system and 
establishing the new utility. During the development of this Plan, the City performed a systemwide 
inventory of stormwater system components to determine existing system conditions and where funds 
should be focused to create a capital improvement program for the new proposed stormwater utility. This 
Plan serves as a complement to the General Sewer Plan (GSP) and the Water System Plan (WSP). 
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1.2  NEIGHBORING/ADJACENT STORMWATER SYSTEMS 
 
The nearby communities of South Cle Elum, Roslyn, the unincorporated area of Ronald, and the 
Suncadia development are all located in the vicinity of Cle Elum. Despite providing wastewater treatment 
service to these communities, stormwater management is not shared between these entities, and the 
scope of this Plan includes assessment of stormwater generated only within Cle Elum parcels and 
roadways. 
 
1.3  POPULATION 
 
Population projections are not expected to impact the City’s stormwater system since the growth areas 
will include independent stormwater system’s that are not tied into the existing system. As a result, this 
Plan evaluates the existing system condition needs and only assesses potential improvements and 
expansion within the current use area. 
 
1.4  RELATED PLANNING DOCUMENTS  
 
1.4.1  Wastewater Plans 
 
In 2003, a Comprehensive Sewer and Wastewater Facility Plan was developed for the City and its UGA. 
This document included: 
 

�x Description of the existing City limits, future UGA sewer service area, and Suncadia master 
planned resort. 
 

�x Estimate of future sewer service population based upon the current population. 
 

�x Forecast of future wastewater loadings based on sewer service population predictions. 
 

�x Description and location of existing sewer system, WWTP, and potable water supply 
components. 
 

�x Design standards for recommended sewer system improvements and a financial plan. 
 
1.4.2  Wastewater Facility Plan 
 
In 2003, the City received approval from the Department of Ecology (Ecology) for the Facility Plan for the 
Regional WWTP. This document included: 
 

�x Description of existing and future sewer service area, population projections, and regulatory 
requirements. 
 

�x Description of existing wastewater treatment facilities and wastewater flows and loadings. 
 

�x Presentation and evaluation of the selected Sequencing Batch Reactor (SBR) process to provide 
biological treatment to accommodate the City’s projected 30-year growth and to meet pending 
regulatory requirements. 
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1.4.3  Urban Growth Area Comprehensive Plan 
 
The City’s current Comprehensive Plan was adopted on June 25, 2019, with an updated Land Use 
Element adopted on December 10, 2019. The next Comprehensive Plan update is scheduled to be 
completed in 2026. The Comprehensive Plan describes current conditions, develops forecasts for a 20-
year planning period, evaluates observed or predicted deficiencies, strategies for addressing current and 
future challenges, and budgets for necessary improvements. 
 
Comprehensive plans identify many of the physical, environmental, and economic elements within Cle 
Elum and the surrounding area (including the UGA). They also forecast anticipated changes within those 
geographical areas. Understanding and predicting future changes within the City and its future service 
areas provides critical background for forecasting future demands on the system. As a result, the City’s 
Comprehensive Plan was an important tool in the development of this Plan. 
 
1.4.4  Water System Plan (WSP) 
 
The City's WSP was most recently updated in 2024. This document provides an in-depth look at their 
water system, its deficiencies, potential growth, and requirements to serve their own and the surrounding 
community’s needs. Completion of the City’s original Comprehensive Water Plan took place in 1997.  
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CHAPTER 2 – STUDY AREA DESCRIPTION 
 
 
2.1  INTRODUCTION 
 
The City is located on the eastern slopes of the Cascade Mountains in Kittitas County, approximately 30 
miles east of Snoqualmie Pass. The majority of Cle Elum lies between the elevations of 1,890 and 2,070 
feet, although the annexed Bullfrog Urban Grown Area extends the City to an elevation of 2,170 feet.  
 
The service area for this Plan is bounded by the City limits and the UGA boundary and has a total area of 
approximately 2,800 acres. The remainder of this section focuses on the physical attributes of the service 
area that affect stormwater planning and design, as follows: 
 

�x Section 2.2 Topography . Provides a brief summary of major topographic features that help 
define the study area’s drainage patterns. 
 

�x Section 2. 3 Climate and Rainfall Patterns . Summarizes climate conditions and provides 
summary statistics of long-term monthly mean precipitation, temperature, and snowfall. 
 

�x Section 2. 4 Land Use Distribution and Urban Growth Areas . Defines major land use types 
and distributions inside and outside of the UGA. 
 

�x Section 2. 5 Sensitive Areas . Discusses wetlands, floodplains, and critical habitat areas that 
must be considered for stormwater planning purposes. 
 

�x Section 2.6 Illicit/Illegal and Unpermitted Connections. Describes what conditions are 
required for a pipe connection to fall under Illicit or Illegal. 
 

�x Section 2. 7 Drainage area Delineation . Describes the delineation and drainage patterns of the 
two drainage areas that contribute flows to the City’s stormwater management facilities. 
 

 
2.2  TOPOGRAPHY 
 
The City resides within the mountainous regions and foothills of the Cascade Mountain Range's eastern 
slopes. The river basin where the City mainly resides falls between the Cle Elum Ridge to the north, and 
the South Cle Elum Ridge, Peoh Point, and Taneum Point to the south. The Yakima River and Interstate 
90 (I-90) pass by just south of the City. The slope of the mountains and ridges causes the City to 
generally slope down towards the southeast. 
 
Across the City, slopes are predominantly flat with three percent or less in slope. However, on the north 
side of the City at the base of Cle Elum Ridge, slopes begin to increase and range from three to 15 
percent. Elevations range from 1,890 feet to over 3,000 feet in the surrounding ridges and points. 
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2.3  CLIMATE AND RAINFALL PATTERNS  
 
The City averages 28.6 inches of precipitation per year. The distribution varies significantly throughout the 
year, with a distinct dry season during the summer months. The month with the most precipitation is 
December, with an average of 5.2 inches of precipitation. 
 
The temperatures vary significantly from season to season as well, with an average high temperature 
during the summer months of 72 degrees Fahrenheit. In contrast, the winter months have an average 
daily high temperature of 43 degrees Fahrenheit.  
 
2.4  LAND USE DISTRIBUTION AND URBAN GROWTH AREAS  
 
All future residential growth for the City is assumed to occur within the two major private developments 
(Suncadia Resort and City Heights). Residential land within Suncadia Resort is assumed to be completely 
built out and unavailable for future construction. Most of the residential land within City Heights is within 
one of the two major proposed developments that have independent stormwater systems. Therefore, the 
growth of the area is not expected to impact the existing system within the City.  
 
2.5  SENSITIVE AREAS 
 
Chapter 18.01 of the Cle Elum Municipal Code (CEMC) covers sensitive areas and contains standards, 
guidelines, criteria, and requirements intended to identify, analyze, and mitigate probable impacts to the 
City’s sensitive areas and geologic hazard areas and to enhance and restore them when possible. The 
categories of sensitive areas are: (1) wetlands; (2) frequently flooded areas; (3) fish and wildlife habitat 
conservation areas; (4) critical aquifer recharge areas; and (5) geologically hazardous areas. For a more 
detailed review of the local environment and sensitive areas, refer to the City’s 2019 Comprehensive 
Plan. 
 
2.5.1  Wetlands 
 
Wetlands are defined in CEMC 18.01.020 as “an area that is inundated or saturated by surface water or 
groundwater at a frequency and duration sufficient to support, and that under normal circumstances do 
support, a prevalence of vegetation typically adapted for life in saturated soil conditions. Wetlands 
generally include swamps, marshes, bogs, and other similar areas. Wetlands do not include those 
artificial wetlands intentionally created from non-wetland sites, including, but not limited to, irrigation and 
drainage ditches, grass-lined swales, canals, detention facilities, wastewater treatment facilities, farm 
ponds, and landscape amenities, or those wetlands created after July 1, 1990, that were unintentionally 
created as a result of the construction of a road, street, or highway. Wetlands may include those artificial 
wetlands intentionally created from non-wetland areas created to mitigate the conversion of wetlands.” 
 
Surrounding wetlands, there are typically buffers, meaning “an area contiguous to and protecting a critical 
area that is required for the continued maintenance, functioning, and/or structural stability” of the wetland, 
and are intended to provide separation between a protected wetland and surrounding uses. There are 
five categories of wetlands. Categories I, II, III, and IV are defined by the Washington State Department of 
Ecology’s Wetland Rating System for Eastern Washington, October 2014 (Publication No. 14-06-030). 
The fifth category includes “locally significant wetlands,” which are wetlands deemed important to the City 
because they function as part of a water quality or flood mitigation program, are planned to be or can be 
integrated into an identified open space plan or system or serve other substantial public purposes. 
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The category of wetland determines the size of the buffer area around the wetland for low- and high-
impact land use. “Low impact land use” means land uses that are typically associated with relatively low 
levels of human activity, disturbance, or development, and that are conducted in a manner as to minimize 
impacts to the buffer, such as passive recreation, agriculture, or conservation activities. “High impact land 
use” means land uses that are generally associated with relatively high levels of human activity or 
disturbance, development of structures, or substantial wetland habitat impacts. This would include 
permanent structures, commercial and industrial land uses, and impactful recreation activities. 
 
The alteration or destruction of wetlands can reduce or eliminate the biological and hydrologic benefits 
they offer. Direct impact can result from site preparation activities, including clearing, grading, and filling, 
which can increase the volume of sediment-laden storm runoff entering wetlands.  
 
This reduces the wetland’s natural capacity to remove nutrients, process chemical and organic wastes, 
and temporarily store floodwater. Proper management of stormwater runoff in areas that contribute to 
wetlands is critical to maintaining proper wetland function. 
 
The City has identified that the only wetlands receiving stormwater flows are the Hansen Ponds (located 
southeast of the City) and Crystal Creek, both of which are part of the system discharge that eventually 
leads into the Yakima River. 
 
2.5.2  Floodplains and Floodways 
 
The Federal Emergency Management Agency (FEMA) produces flood insurance rate maps (FIRMs) that 
indicate the probability of a flood event occurring. The National Flood Hazard Layer (NFHL) is a digital 
database that contains flood hazard mapping data from FEMA’s National Flood Insurance Program 
(NFIP). This map data is derived from FIRM databases and Letters of Map Revision (LOMRs). 
 
Data from the NFIP indicate that a significant portion of the City is currently located within a floodplain, 
and the limits of this floodplain were updated by LOMR 21-10-1313P, effective 12/8/2023. See Figure 2-1. 
Table 2-1 provides definitions of the flood zones shown in Figure 2-1. 
 
2.6  ILLICIT/ ILLEGAL AND UNPERMITTED CONNECTIONS  
 
As consistent with construction standards in the early 1900’s and earlier, most of the downtown historical 
buildings in Cle-Elum have roof drains and catch basins connected into the City’s stormwater system. 
These connections are defined as an “Illicit connection” due to the water coming from private property. 
However, they are permitted due to this being the standard for stormwater when the buildings and or 
parking lots were constructed. 
 
The definition for an “illicit discharge” however is defined as any discharge to a municipal separate 
stormwater system that is not entirely composed of stormwater. Sources of illicit discharges include but 
are not limited to sanitary wastewater, effluent from septic tanks, improper oil disposal, laundry 
wastewater, car wash wastewater, radiator flushing disposal, spill from roadway accidents, and improper 
disposal of auto and household toxins. Exceptions include National Pollutant Discharge Elimination 
System (NPDES) permitted industrial sources and discharges from fire-fighting activities. These are illegal 
connections and non-permitted. Upon discovery of this connection the City will require the connection to 
be disconnected and re-installed in accordance with the City’s construction standards. 
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TABLE 2-1  FIRM FLOOD ZONE TYPES 

Zone Type  Description  

Zone X Areas inundated by 500-year flooding; inundated by 100-year flooding with average 
depths of less than 1 foot or with drainage areas less than 1 square mile. 

Zone AE Areas subjected to inundation by the 1% annual chance flood event. Base Flood 
Elevations (BEFs) are known. 

Zone A Areas subject to inundation by the 1% annual chance flood event. No Base Flood 
Elevations (BFEs) or flood depths have been determined. 

Source:  FEMA, 2023 

 
Development within the floodplain is further described in CEMC Chapter 15.24. State law prohibits 
permanent structures from being constructed on a floodway or having zero rise (i.e., no displacement of 
floodwater). These lands are key natural resource areas for enhancing water quality, providing important 
fish and wildlife habitat, and serving as water retention and flood storage areas, and are therefore allowed 
only the most limited and regulated future development. 
 
2.6.1  Fish and Wildlife Habitat Conservation Areas 
 
Much of the remaining native habitat in the City is generally limited to streams, wetlands, forest lands, and 
steep slopes. The only river frontage areas within the City are located along the two river corridors. Most 
of the riverfront property is planned by the City to remain undeveloped, with limited managed dry camping 
and park properties. The Cle Elum and Yakima River floodplain areas provide habitat linkages with other 
riparian habitats beyond the City. 
 
2.6.2  Critical Aquifer Recharge Areas 
 
Critical aquifer recharge areas are those areas that are important for returning water to underground 
aquifers for use as potable water. Due to the permeability of different soils within the City, some areas 
require greater protection, as they are at risk of permeating water rapidly and/or with minimal treatment, 
thereby polluting groundwater. There have been no specific aquifers identified in the City; however, to 
protect the City’s drinking water, the City has categorized all areas that the Washington State Department 
of Health designates as Type A and B wellhead protection areas as a high risk of contamination. Due to 
high soil permeability, the remaining areas in the City are categorized as a moderate risk for 
contamination.  
 
2.6.3  Geologically Hazardous Areas 
 
Geologically hazardous areas are defined in CEMC 18.01.020 as “an area that is not suited to 
commercial, residential, or industrial development because of its susceptibility to erosion, sliding, 
earthquakes, or other geological events hazardous to public health or safety.” 
 
The northern portion of the City and most of its UGA north of the City limits can be categorized as 
geologically hazardous. The soil within the City and UGA also could experience liquefaction, which could 
result in a landslide if an earthquake were to occur. However, no previous landslides have been identified 
within the City limits or UGA. Also, due to the City’s coal mining past, hazardous gases and chemicals 
could be transmitted into the air and water near any decommissioned mines in the vicinity. There is also a 
risk of mine infrastructure collapse during a potential earthquake or other geologic hazard event. 
 
For these reasons, the hazardous areas within the City are not desirable for development.  
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2.7  DRAINAGE AREA DELINEATION  
 
The City’s stormwater system is divided into two drainage basins, which collectively cover an area of 
approximately 500 acres. One basin discharges to Crystal Creek and the other to Town Ditch, which 
drains to the Hanson Ponds adjacent to the Yakima River. The drainage areas and flows upstream were 
accounted for in the modeling of peak flow rates for sizing Capital Improvement Projects, as discussed in 
more detail in CHAPTER 5. Table 2-2 summarizes the individual drainage areas and their predominant 
land use and soil types based on City zoning and USDA National Resource Conservation Service 
mapping. Appendix A provides a drainage area map showing subbasin areas. 
 

TABLE 2-2  DRAINAGE AREA SUMMARY  

Drainage Area  Size (acres)  Predominant Land Use  Predominant Hydrologic Soil Group  
and Soil Series (1) 

Crystal Creek 150 Residential 
Soil Group B  

Series: Roslyn ashy sandy loam 

Town Ditch 350 Residential and Commercial Soil Group C  
Series: Patnish-Mippon-Myzel complex 

Total  500   

1. Soil information based on National Resource Conservation Service (NRCS) for Kittitas County. 

 
More information describing the basins is described in CHAPTER 4. 
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CHAPTER 3 – DESIGN STANDARDS 
 
 
3.1  INTRODUCTION 
 
This section provides an overview of the design standards and practices the City has incorporated 
regarding the construction and maintenance of stormwater infrastructure. This section is organized as 
follows: 
 

�x Section 3.2 – Existing Stormwater Standards . Reviews the City standards that regulate and 
guide the development and management of stormwater runoff. 
 

�x Section 3.3 – Submittal, Permitting, Construction, and Inspection Procedures . Provides an 
overview of the steps required for design and installation of stormwater infrastructure, including 
review and inspection during and after construction. 

 
3.2  EXISTING STORMWATER STANDARDS  
 
This section reviews important codes, ordinances, standards, and rules that affect stormwater 
management. 
 
3.2.1  City Stormwater Codes and Ordinances 
 
The 2024 City of Cle Elum Construction Standards for the Private Construction of Public Facilities (City 
Standards) were adopted by the City as stated in the Cle Elum Municipal Code section 15.08.010. These 
standards contain guidance for stormwater management and design in Chapter 6 of the City Standards 
and apply to all design and construction within the City. Supplementing Ecology’s Stormwater 
Management Manual for Eastern Washington (SWMMEW), City Standards state that design should be 
based on a minimum 25-year design storm. The City Standards also state that all stormwater runoff on all 
new lots and developments shall remain on site and no runoff from private property will be permitted to 
enter the public storm system. 
 
3.2.2  Underground Injection Control (UIC) 
 
As required by the US Environmental Protection Agency (EPA), the State has developed an Underground 
Injection Control (UIC) Rule and program that is administered by the Department of Ecology. The purpose 
of the program is to protect groundwater quality by regulating the use of UIC wells, which dispose of 
water underground. 
 
A UIC well is defined as a “structure built to discharge fluids from the ground surface into the subsurface; 
a bored, drilled, or driven shaft whose depth is greater than the largest surface dimension; or a dug hole 
whose depth is greater than the largest surface dimension; or an improved sinkhole, which is a natural 
crevice that has been modified; or a subsurface fluid distribution system that includes an assemblage of 
perforated pipes, drain tiles, or other similar mechanisms intended to distribute fluid below the surface of 
the ground. Examples of UIC wells or surface infiltration systems include drywells, drain fields, infiltration 
trenches with perforated pipe, storm chamber systems with the intent to infiltrate, French drains, 
bioretention systems intended to infiltrate with perforated pipe installed below the treatment soil, and 
other similar devices that discharge to the ground.” (Ecology, 2024). Surface infiltration facilities and 
infiltration trenches lacking a perforated pipe or similar mechanism are not considered a UIC well. 
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The two main requirements of the UIC Program are to (1) register UIC wells with Ecology, and (2) to 
ensure that groundwater quality is protected from pollutants that may be introduced through a manmade 
fluid distribution system. Registration can be completed through an online form available on the Ecology 
website. A well assessment is required for all UIC wells built and in use before February 2, 2006, and 
used to manage stormwater. Wells constructed after this date must be built to the current UIC Program 
rule, Chapter 173-218-WAC UIC Program, and the current stormwater management manual for the 
location of the well. 
 
UIC wells typically require a form of pre-treatment before infiltrating stormwater runoff. The level of 
treatment is based on the pollutant loading of stormwater influent (which depends on the land use of the 
contributing basin) and the treatment capacity of the vadose zone of soil around the UIC well. If the 
contributing basin is prone to spills, such as high vehicle traffic areas, a spill control device (e.g., turn 
down elbow, tee section, etc.) is required upstream of the UIC well. Depending on treatment 
requirements, pretreatment may be accomplished through BMPs like swales, bio-infiltration, oil/water 
separators, catch basin inserts, and media filters. See the guidelines provided in the SWMMEW (Ecology, 
2024). Furthermore, coordination with Ecology’s UIC program will provide the most up-to-date information 
and guidance. 
 
3.2.3  NPDES Construction Stormwater General Permit 
 
The Construction Stormwater General Permit (CSWGP), administered by Ecology, applies to construction 
sites disturbing one acre or more and discharging stormwater to a water of the State (either directly or 
through a stormwater system) or for any size of construction project that has been determined by Ecology 
to pose a significant risk of degrading water quality. Section 3.3 provides further discussion on the City’s 
implementation of the CSWGP. 
 
3.2.4  Endangered Species Act 
 
The Endangered Species Act (ESA) is a federal law with the purpose of protecting critically threatened 
fauna and flora. The law includes requirements that prevent endangered species from being killed or 
harmed. Criteria relating to ESA must be met to be eligible for coverage under the CSWGP or the 2008 
Multi Sector General Permit (EPA 2015). 
 
3.2.5  Water Quality Assessments and 303(d) List 
 
The 303(d) list comprises State waters that have been polluted and have been impaired for beneficial 
uses such as drinking, recreation, aquatic habitat, and industrial use. Special requirements and 
restrictions, such as total maximum daily loads (TMDLs), take effect if discharging to a 303(d) water body. 
The reaches of the Yakima rivers in the vicinity of the City are not on the 303(d) list, and therefore, the 
City currently does not have any TMDL or other 303(d) restrictions. Upriver from Cle Elum, between the 
small, unincorporated community of Nelson and Bullfrog Road, is a section that is listed for temperature. 
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3.2.6  Existing City Design Standards 
 
All stormwater conveyance, on-site management, flow control, and treatment facilities must be designed 
in accordance with the latest edition of the City Standards, and consider water quality and quantity control 
measures as stated in the latest edition of the SWMMEW. 
 
A summary of key stormwater design requirements in the current City Standards includes: 
 

�x All stormwater systems shall be designed following the core elements defined in the SWMMEW. 

�x All storm drainage facilities, public or private, shall be designed by a Civil Engineer currently 
licensed in the State of Washington. 

�x Hydrological analysis and design of conveyance systems must be designed as described in the 
SWMMEW using 25-year storms of both short and long duration using the Region 1 hydrographs. 

�x Volume-based treatment BMPs are to be sized the same, whether upstream or downstream of 
detention volume. The volume of runoff predicted for the proposed development condition is to be 
calculated using the 24-hour SCS Type 1A storm with a 6-month return frequency and must be 
capable of passing the 25-year short-duration storm either through or around the BMP, without 
damaging the BMP or dislodging pollutants from within it. 

�x Flow-rate-based treatment BMPs are sized differently depending on whether they are located 
upstream or downstream of detention volume. If located upstream or without detention, the runoff 
flow rate is to be calculated using the 3-hour short-duration storm with a 6-month return 
frequency. If the BMP is located downstream of a detention facility, it is to be sized for a full 2-
year release from the detention facility. 

�x Precipitation event information is as follows: 

o 6-month, 3-hour storm event: 0.44 inches 
o 6-month, 24-hour storm event: 1.22 inches 
o 2-year, 24-hour storm event: 1.74 inches 
o 10-year, 24-hour storm event: 2.90 inches 
o 25-year, 3-hour storm event: 1.11 inches 
o 25-year, 3-hour storm event: 3.48 inches 
o 50-year, 24-hour storm event: 4.06 inches 
o 100-Year, 24-hour storm event: 4.64 inches 

 
�x The Santa Barbara Urban Hydrograph (SBUH) method may be used for all analyses regardless 

of the size of the drainage area. Input parameters shall be as described by Ecology or WSDOT 
for the design storms described above. Other computer models may also be used with prior 
approval by the City. 

�x Stormwater inlet spacing shall not exceed 300 feet. 

�x A manhole or Type 2 catch basin shall be installed at the intersection of two or more collector 
sewers. 

�x All public stormwater pipes or culverts must be a minimum of 12 inches in diameter. Pipes shall 
have a minimum slope of 0.5% and be designed with a minimum velocity of 2 ft/s. 
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3.3  SUBMITTAL, PERMITTING, CONSTRUCTION, AND INSPECTION PROCEDURES  
 

Construction sites must adhere to City and State submittal, permitting, construction, and inspection 
procedures. Stormwater calculations and designs submitted to the City to obtain a building permit must 
be stamped by a Civil Engineer currently licensed in the State of Washington.  
 
Some construction sites may be required to obtain a Construction Stormwater General Permit (CSWGP) 
through Ecology. The current CSWGP became effective in 2021 and expires at the end of 2025. A new 
CSWPG will be issued at the start of 2026, which all current CSWPG holders must reapply for.  
 
A CSWGP requires the contractor to do the following: 
 

1. Apply for coverage by submitting a Notice of Intent (NOI) to Ecology. 
 

2. Develop and use a Stormwater Pollution Prevention Plan (SWPPP). 
 

3. Monitor stormwater discharges and inspect BMPs installed as part of the SWPPP by a certified 
erosion and sediment control lead (CESCL). 
 

4. Submit a monthly discharge monitoring report (DMR) to Ecology. 
 

5. Submit a Notice of Termination (NOT) to Ecology when soils are stabilized on site, and all 
temporary BMPs have been decommissioned. 
 

The City also requires preparation of Erosion and Sedimentation Control (ESC) plans, Stormwater Site 
Plan, and SWPPP as outlined in Ecology’s SWMMEW and City Standards.  
 
Post-Construction structural BMPs are inspected by the City at least once every five (5) years or as 
necessary.  
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CHAPTER 4 – EXISTING STORMWATER SYSTEM 
 
 
This section is organized as follows: 
 

�x Section 4.1 – Stormwater Utility . Describes the City organization responsible for maintaining, 
operating, and preserving public stormwater infrastructure. 

�x Section 4.2 – General Drainage Patterns . Summarizes general drainage patterns that underlie 
the routing of stormwater runoff throughout the service area. 

�x Section 4 .3 – Existing Stormwater Management Facilities . Provides an overview of existing 
collection and conveyance facilities, pumps, drywells, regional detention/water quality facilities, 
and regional outfalls. 

�x Section 4 .4 – Documented Drainage Problems . Summarizes existing drainage problems based 
on known flooding issues and staff reports of frequent maintenance needs. 

�x Section 4 .5 – Low Impact Development . Provides an overview of existing Low Impact 
Development (LID) infrastructure and discusses recommendations to develop LID standards and 
standard details, and the use of LID more routinely in public infrastructure projects. 

 
4.1  STORMWATER UTILITY 
 

The City Public Works Department primarily oversees the maintenance, operation, and 
preservation of the stormwater system within city limits. City crews also oversee the operation and 
maintenance of public streets and all street sweeping services where much of the system is 
located. All City crews and equipment are based out of the City shop. 
 
Currently, the Public Works Department does not have a dedicated division or staff responsible for 
stormwater system maintenance. Additionally, no ordinance or fee has been established to support 
stormwater system operations and maintenance or to fund dedicated staffing. At the time of 
publishing this Plan, the City is actively implementing an ordinance and fee to generate revenue for 
dedicated operations personnel for the stormwater system. 

 
4.2  GENERAL DRAINAGE PATTERNS  
 

Within the service area, much of the stormwater runoff infiltrates into the ground via drywells and 
land surface infiltration. However, during peak rainfall events when infiltration capacity has been 
exceeded, excess rainfall contributes to stormwater runoff collected and conveyed via the City’s 
drainage facilities to the Yakima River. Appendix A provides a drainage area map showing 
subbasin areas and their outfall locations.  

 
4.3  EXISTING STORMWATER MANAGEMENT FACILITIES  
 

This section provides an overview of the existing City stormwater management facilities, including 
collection and conveyance, UICs, regional detention and water quality facilities, and regional 
outfalls to surface receiving water bodies. 
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4.3.1  Collection and Conveyance 
 
Table 4-1 and Table 4-2 summarize the existing stormwater collection system structures and conveyance 
facilities, respectively. Pipe material is comprised mainly of Polyvinyl chloride (PVC), concrete, corrugated 
metal, ductile iron, clay, and corrugated high-density polyethylene pipe (CPEP). Through video 
inspection, it was found that pipes of each material type are damaged or in poor condition (see Appendix 
G). Notably, concrete and clay are the two materials where existing pipe was noted as collapsing. Much 
of the main stormwater conveyance lines found in Second Street are constructed of clay or concrete, with 
portions of the clay line already noted in City GIS maps as collapsed. This is a large vein of the 
stormwater system that directs runoff flow from the north half of the City to the Town Ditch conveyance. A 
recent construction project was completed to replace the collapsed section of clay pipe found in Second 
Street from Stafford Avenue to Wright Avenue. Future projects are also planned in the Second Street 
corridor to reconnect catch basins from the 12-inch clay line to the 30-inch cement line to reduce loading 
on the clay line. Some concrete and clay pipe will remain within the Second Street main conveyance line 
after this project. 
 

TABLE 4-1  EXISTING STORMWATER COLLECTION STRUCTURES  

Owner  Type 1  
Catch Basins  

Manholes and Type 2 
(Manhole) Catch Basins  

Manholes with Oil 
Water Separator  

Drywells  

City 318 90 3 31 

Private 13 1 0 0 

Total  331 91 3 31 

 
 
Table 4-2 tabulates the linear feet in the existing stormwater system, classified by pipe material and pipe 
diameter. Approximately 44,333 linear feet, or 8.4 miles of pipe, make up the stormwater conveyance 
network. 
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TABLE 4-2  EXISTING CONVEYANCE PIPES AND CULVERTS  

Pipe Material  Size 
(inches)  Linear Feet (LF) Public  Linear Feet (LF) Private  Total Linear Feet 

Per Pipe Material  
PVC 24 505 8 

6,883 

 18 69 --- 
 12 2,308 --- 
 10 61 --- 
 8 1,408 --- 
 6 2,173 25 
 4 241 --- 
 2 118 --- 
CPEP 24 2,698 69 

11,415 

 18 1,369 --- 
 16 391 --- 
 12 6,468 310 
 8 299 --- 
 6 190 --- 
Corrugated Steel 36 408 --- 

4,886 

 24 211 --- 
 18 75 --- 
 16 29 --- 
 12 533 --- 
 10 1,029 --- 
 8 2,135 --- 
 6 462 --- 
 4 4 --- 
Ductile Iron 24 63 --- 

1,550 

 18 126 --- 
 12 896 --- 
 10 285 --- 
 8 81 --- 
 6 99 --- 
Concrete 48 1,208 --- 

12,592 

 36 934 --- 
 30 3,185 --- 
 24 4,169 --- 
 21 272 --- 
 16 85 --- 
 12 425 --- 
 10 36 --- 
 8 1,802 --- 
 6 476 --- 
Concrete Box Culvert 48 x 48 425 --- 425 
Clay 12 6,447 --- 

6,582 
 8 135 --- 

Total Linear Feet in System 44,333 
Drainage Ditch Varies 15,380 --- 15,380 

Total Linear Feet in System with Drainage Ditches 59,713 
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As discussed in CHAPTER 3, the City Standards currently require conveyance facilities to be designed to 
convey 25-year storm events. City engineering standards prohibit the use of closed conveyances less 
than 12 inches in diameter. The City does not have records available to determine the age of all 
conveyance facilities; therefore, most stormwater infrastructure is assumed to have been constructed 
prior to the adoption of these standards.  
 
4.3.2  Pumps 
 
The City does not own or operate any stormwater pump stations currently. With the City generally sloping 
downhill to the southeast, the system has used gravity flows to convey stormwater to designated outfalls. 
 
4.3.3  Underground Injection Control Facilities (UICs) 
 
While the City uses several drywells and infiltration galleries to percolate stormwater into the ground, 
there are no current registered UICs in place that distribute surface stormwater below the groundwater 
level. 
 
4.3.4  Regional Detention/Water Quality Facilities 
 
The City’s stormwater system includes the lower Hansen Ponds and two (2) dedicated swales. Detailed 
information on the sizes and configurations of these facilities is generally unavailable through City 
records. Treatment capabilities of the Hansen Ponds and the swales within the stormwater system are 
not a part of this study. Further evaluation of these locations will be necessary to determine if additional 
treatment within the stormwater system is required. 
 
4.3.5  Regional Outfalls 
 
Stormwater that does not infiltrate within the immediate surface or infiltrates through drywells is directed 
to regional outfalls. Stormwater throughout the City is routed to two regional outfalls prior to discharge to 
the Yakima River. These regional outfalls are listed below. 
 

TABLE 4-3  REGIONAL OUTFALLS  

Regional Outfall  Outfall Route and Depository Location  

“Town Ditch” 
Collects flow from First, Second, Third, and Fourth Streets east of Stafford Street. 
Town Ditch flows into the Hansen Ponds and is then discharged to the Yakima 
River. 

“Crystal Creek” 
Collects flow from Fifth and Sixth Streets,  
Flows south on the west side of Stafford Street, then deposits into the Yakima 
River. 

 
4.4  DOCUMENTED DRAINAGE ISSUES 
 
This section presents a brief summary of documented drainage issues based on information from City 
Public Works Department staff regarding known flooding areas and areas requiring frequent 
maintenance. 
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4.4.1  Areas Requiring Frequent Maintenance 
 
There is currently no City record for known areas requiring frequent maintenance. Through records review 
and coordination with Public Works Department personnel, no significant areas of flooding or frequent 
maintenance issues have been identified.  
 
4.4.2  Known Damaged Pipes or Structures 
 
An inventory and video inspection study was conducted to supplement missing data and collect updated 
information on pipe conditions, materials, alignment, inverts, and system connections. (See Appendix G) 
This study utilized a vactor truck to jet-clean each pipe and remove debris. Following cleaning, a CCTV 
inspection truck was deployed to assess the pipe condition, alignment, and undocumented connections. 
The study was completed over a four-week period, identifying areas of damage and severe corrosion. 
These corroded and damaged areas lead to soil, rock, and other pollutants to infiltrate the system, 
contributing to additional drainage deficiencies.  
 
4.5  LOW IMPACT DEVELOPMENT  
 
While there are no clear LID areas laid out within the City, there are several goals and policies newly 
established that promote the implementation of LIDs. Cle Elum Policy CE-8.1 aims to reduce stormwater 
impacts from transportation and development through watershed planning, redevelopment projects, and 
low-impact development practices. Policy CE-7.1 also promotes the restoration of floodplains and 
connectivity to improve the resilience of streams and rivers and reduce flood risk. 
 
The City will follow guidance for implementing LIDs outlined in the SWMMEW Appendix 3-D. In 
preserving or redeveloping natural hydrologic patterns and environments, the City maintains their 
surrounding ecosystems and environments, as well as increases the capacity for stormwater infiltration 
through the lowering of impervious areas. 
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CHAPTER 5 – STORMWATER CONVEYANCE MODEL ANALYSIS  
 
 
5.1  INTRODUCTION 
 
The City’s hydrologic and hydraulic models were used to assess the stormwater system capacity for 
current and future condition flows, identify possible system deficiencies, and evaluate projects for 
inclusion in the Capital Improvement Plan (CIP). The remainder of this chapter is organized as follows: 
 

�x Section 5.2 – Model Development . Summarizes the model development for use in the Plan. 
 

�x Section 5.3 – Model Analysis . Documentation of the model analysis performed for the current 
and future build out land use conditions for multiple design storm events. 

 
�x Section 5.4 – Results . Summarizes the modeling results and system deficiencies. 

 
�x Section 5 .5 – Recommendations . Recommends additional model updates and validation that 

should be completed prior to detailed design of CIP projects or future planning efforts. 
 
5.2  MODEL DEVELOPMENT 
 
After completing video inspection and general field inventory of the City’s stormwater system, HLA 
developed a model reflecting the existing City stormwater infrastructure and parcels within city limits. 
Record drawings were utilized to supplement any additional information that could not be gathered from 
the inventory inspection or the City GIS. The main objective of the model was to identify or confirm 
system sizing deficiencies and assess CIP project needs (CHAPTER 6).  
 
Model development considered the requirements of both Ecology’s SWMMEW and the City Standards 
that were adopted as construction standards for the City. 
 
Further detail regarding the components of model creation is found below. 
 
5.2.1  Modeling Software 
 
Software readily available and applicable for the development of the model was SewerGEMS Connect 
Edition, which also has the capability of integrating with ArcGIS and AutoCAD programs. This software 
runs both hydrologic and hydraulic equations, so calculations for rainfall runoff and conveyance through 
the storm system could be analyzed simultaneously in a single model run. The software offers several 
methodologies for calculating hydrological and hydraulic outcomes, many of which are listed in the 
SWMMEW and affirmed by City Standards. 
 
5.2.2  Methodology 
 
In further review of the SWMMEW, other modeling methods supported with local data could be approved 
by agencies or local jurisdictions for use (SMWWEW 4.2.1, 2024). As the software used can be operated 
in a fully dynamic mode, a dynamic method solver was used to give clearer details of the system loadings 
over time. The method solver selected, and approved by the City in October 2025, was the Environmental 
Protection Agency (EPA) Stormwater Management Model (SWMM) Explicit solver. The EPA SWMM 
solver version five (5) can be used for both short and long-term events, and for hydrologic processes and 
hydraulic modeling. 
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The hydraulic capabilities of this solver include routing runoff and external inflows through a drainage 
network, using a variety of closed and open conduit or channel shapes, simulating various flow conditions 
such as backwater, surcharging, reverse flow, or surface ponding, and running the simulation dynamically 
so each time-step can be viewed and analyzed individually. With the varied use of open channels or 
ditches and pipes within the City, and the desire to see how the existing City storm infrastructure 
operates, these capabilities proved sufficient. 
 
5.2.2.1  Rainfall Runoff 
 
The EPA SWMM runoff method was used to calculate rainfall runoff for each sub-basin. Sub-basins are 
fractions of the overall drainage area within the City, divided into one sub-basin per active inlet, so runoff 
calculations are more reflective of each sub-basin’s individual imperviousness or slope. This EPA SWMM 
method accounts for several hydrological processes contributing to runoff across urban, agricultural, and 
rangeland settings, such as rainfall interception from depression storage, or infiltration of rainfall into 
unsaturated soils. A hydrograph is created by the solver for these sub-basins, and the runoff is routed into 
the next downstream inlet in a drainage system.  
 
Upstream flows north of the City were accounted for to the best of the model abilities. One option for 
delineating sub-basins utilized digital elevation map (DEM) data. This data would allow the model to 
automatically delineate and slope sub-basin areas based on recorded geographical elevations. This 
would mean accurately accounting for upstream runoff and the areas that slope towards the City basins. 
As there was no ability to integrate DEM data in this model iteration, sub-basins were methodically 
increased in size following in-person observation of the slopes. By manual input, these increased sub-
basin sizes accounted for additional upstream and uphill runoff. Section 5.5 addresses the 
recommendation to improve the model to include this data in the future and more accurately model runoff 
flows based on geographic data instead of observations. 
 
One way the SWMM solver accounts for the rate of infiltration in these areas is by use of the Soil 
Conservation Service (SCS) Runoff Curve Number (CN). SCS CN’s are empirical values that encapsulate 
a sub-basin’s hydrologic response based on soil properties – ranging from well-draining soils to poorly 
draining soils – land use condition types such as grass, range, or imperviousness, and other hydrologic 
conditions. Tables 9-1, 9-2, and 9-5 in Part 630 of the National Engineering Handbook (NEH) (Natural 
Resources Conservation Service, 2009), and City land use denoted in the City GIS (Cle Elum, 2021) 
were both referenced when assessing CN values. The United States Department of Agriculture (USDA) 
Natural Resources Conservation Service Web Soil Survey was utilized for soil group identification. 
 
5.2.3  Conveyance System Attribute Information 
 
The model was created based on available City GIS data and existing record drawing information. While 
this information provided locations, much of the system lacked records of pipe material type and conditions, 
invert elevations of the pipes, structure surface elevations and invert elevations, and other miscellaneous 
information necessary to create the most complete model.  
 
To gain missing information, a field inventory and video inspection were utilized to verify or update all pipe 
sizing, invert elevations, material, directions, and conditions, as well as verify or update structure 
conditions and locations. This inventory also analyzed the entire system’s configuration and connections. 
All missing information was collected through this effort and noted in the City GIS. Similarly, existing 
information was verified and corrected in the City GIS if necessary. Some new pipes and structures (catch 
basins, manholes, or drywells) were also discovered during this inventory and included in the City GIS. All 
existing and new information was entered as nodes (structures) and links (pipes, culverts, or channels) 
into the model. 
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5.3  MODEL ANALYSIS  
 
This section discusses a model run performed to compare existing conditions to a 10-Year Future, and a 
2043 system buildout per requirements from Ecology. This section also discusses modeling the 2043 load 
conditions under different design scenarios (see 5.3.3) to alleviate any surcharging causing overflow of 
catch basins or manholes under these loads. Design scenarios allow pipes and structures of the model to 
be altered in size, slope, or configuration, to gain insight into what changes would relieve any pressurized 
pipe or over-full structure conditions. 
 
5.3.1  Existing, Future, and 2043 Buildouts 
 
Existing sites were modeled with no contributions or minor contributions to the stormwater runoff amount. 
This was dependent on two conditions; if a clear system connection was noted coming from the site or 
not, or if the majority of observed catch basin loading was flowing from an existing site or not. During the 
inventory and video inspection effort, seasonal rainstorms occurred, allowing for in-person observations 
of existing site runoff. Generally, residential sites had little to no runoff contributions whereas industrial or 
business sites with impervious lots had some runoff but significantly less than the public street. Because 
of this, existing sites were not modeled to contribute to the system unless they met the previously 
mentioned conditions. All public roads were still modeled with contributing runoff, where sub-basin limits 
reached adjacent property lines.  
 
While it can be difficult to interpolate or accurately measure precipitation amounts a specified number of 
years into the future, estimating urban growth of a city can be done more effectively. As a city increases 
in size, so do public roads and thus stormwater conveyance systems. Cle Elum City Standards state that 
any new lots or developments must retain and dispose of precipitation on site (Cle Elum, 2024). Only new 
public streets or further development of City-owned roads have the potential of increasing loading to the 
current city system. All existing site and road contributions remained the same under each of these 
modeled buildout conditions. 
 
With this consideration and for conservative analysis, hypothetical future loading (in the next ten years) is 
assumed to increase by ten percent, and by fifteen percent by 2043. Percentage amounts were 
determined based on existing infrastructure, and the projected future land use and urban growth area 
boundaries found in the City GIS.  
 
5.3.2  Design Storms 
 
Based on City Standards, the 25-year storm warranting the largest storm sewer facility size shall be the 
controlling storm (Cle Elum, 2024). Scenarios were modeled using the 25-year, 3-hour storm, and the 25-
year, 24-hour storm. Both storms have been adjusted from the SWMMEW in the City construction 
standards to a total precipitation amount of 1.11 inches, and 3.48 inches respectively, to consider the 
climate and rainfall records.  
 
Tabulated hyetograph data for short- and long-duration storms was taken from the SWMMEW and 
adjusted accordingly for Cle Elum’s construction standard requirements. The adjusted tabulated data was 
then entered into the modeling software’s storm database to be used in rainfall and runoff calculations.  
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5.3.3  Scenarios 
 
This section describes the modeling scenarios used to evaluate the stormwater system. The existing 
system and two future conditions (10-year future and 2043 estimated buildouts) were each examined 
using the long- and short-duration storm conditions. Different pipe configurations were examined under a 
“design” scenario, to reduce surcharging and overflow conditions underestimated 2043 buildout 
conditions experiencing a 25-year short-duration storm. A design scenario alters the physical properties 
of a pipe or structure from existing properties.  These scenarios are detailed in Table 5-1. 
 

TABLE 5-1  MODEL SCENARIOS AND ASSOCIATED CONDITIONS  

Model Scenarios  Storm Event  Existing, Future, or 2043 
Buildout Loading  

25-Year, 24-Hour Long duration Storm 25-Year, 24-Hour Existing 

10-Year Future Buildout – Long duration Storm 25-Year, 24-Hour 10-Year Future 

2043 Buildout – Long duration Storm 25-Year, 24-Hour 2043 

Design - 2043 Buildout – Long duration Storm 25-Year, 24-Hour 2043 

25-Year, 3-Hour Short duration Storm 25-Year, 3-Hour Existing 

10-Year Future Buildout – Short duration Storm 25-Year, 3-Hour 10-Year Future 

2043 Buildout – Short duration Storm 25-Year, 3-Hour 2043 

Design - 2043 Buildout – Short duration Storm 25-Year, 3-Hour 2043 

 
5.3.3.1  Analysis 1 - Existing, 10-Year Future, and 2043 Buildout Comparison 
 
A comparison of model scenarios representing existing, future, and 2043 flow estimates was made to 
analyze varied loadings of the City stormwater infrastructure. This comparison denoted key differences in 
loading and resulting surcharge or overflow conditions between scenarios. This information helped 
prioritize projects later listed in CHAPTER 6.  
 
As previously mentioned, both regional long- and short-duration storm data (adjusted for City design 
storm requirements) were entered into the model’s rain data library for use. As City Standards state, the 
storm warranting the largest facility size controls design aspects. A prior model run of both short- (3-hour) 
and long-duration (24-hour) design storms on existing infrastructure was performed to determine the 
controlling design storm. It was found that the short-duration storm, while significantly less in volume and 
duration, surcharged more pipes and overflowed more structures in the existing, future, and 2043 
buildouts, warranting larger facility increases. This is largely due to the intensity (0.37 inches/hour) of the 
short-duration storm being greater than that of the long-duration storm (0.145 inches/hour). Because of 
this, the short-duration storm was selected as the controlling storm for design. 
 
The existing, 10-year future, and 2043 buildouts were then computed as a batch under short-duration 
storm loading. The rainfall runoff inflow computed runoff values of 2.45 million gallons (MG), 2.71 MG, 
and 2.85 MG respectively. With this loading variance, approximately 224 links (pipes, culverts, or 
channels) returned as surcharged at some point in the simulation.  
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Another key difference in flow data between scenarios is the outflow from the Second Street 30-inch 
concrete main line to the Town Ditch conveyance. The main storm line located on Second Street collects 
runoff from Second Street itself, as well as all adjacent side streets from Billings Avenue to Columbia 
Avenue. Additionally, currently planned construction projects aim to improve the eastern half of the 
Second Street corridor, increasing the number of catch basins along the road distributing into the 30-inch 
concrete line. This planned development makes the line a good representation of increased flows 
between scenarios. For existing, future, and 2043 scenarios, the model estimates maximum outflow from 
the 30-inch line to Town Ditch during peak storm as 9.0 cubic feet per second (cfs). 11.83 cfs, and 12.07 
cfs respectively. These flows were observed in the last pipe on the east end of the main line, just before 
depositing into the Town Ditch conveyance, providing a cumulative flow rate at peak storm runoff for 
comparison.  
 
5.3.3.2  Analysis 2 - 2043 Design 
 
Another model computation was performed to compare projected 2043 flows through the existing system, 
and through a proposed design infrastructure that alleviates the structure overflow conditions. The 
purpose of comparing these analyses and design scenarios is to identify and develop CIP projects that 
will improve the capability and capacity of the existing stormwater system in preparation for future 2043 
loads.  
 
With the use of the EPA SWMM solver in the software, the model cannot automatically design or upsize 
system links unless the model components are duplicated and edited to work with a separate, static 
loading, in-software solver. This is addressed later in the recommendations (Section 5.5). For this 
analysis, however, the model’s surcharged or overflowing areas and potential design solutions were 
manually reviewed and entered. Profiles were created within the model software to view energy and 
hydraulic grade lines for each area of concern.  
 
After adjusting the design and model computation that resolved many of the surcharge pipe or overflow 
conditions in structures, a comparison table was generated to tabulate and highlight differences within the 
model from existing infrastructure to the design scenario. These tables can be found in Appendix B. The 
completed design scenario guided the development of projects detailed further in CHAPTER 6. 
 
5.4  RESULTS 
 
Analysis of the model to determine areas of concern and CIP projects considered overflow and flooding of 
structures rather than surcharging of pipe as stated in City Standards. This is because most of the City’s 
stormwater system was installed before the Standards were in effect and therefore did not have the same 
requirements. To be conservative, design also considered any structures with less than one (1) foot of 
freeboard at any point in the simulation as an area of concern. 
 
Structures are considered flooded when the modeled water surface elevation is above the rim elevation.  
Similarly, open channels are considered flooded when the modeled water surface elevation is above the  
set ground elevation for reporting flooding. With model computation, under 2043 short duration storm 
conditions, 164 structures were overflowing or had less than one (1) foot of freeboard at some point 
during the simulated storm. 
 
Some structures that were exempt from the one-foot freeboard constraint exist in catch basins with 
limiting physical dimensions of one to one and a half feet wide, long, and deep. As the adjacent pipe 
would have to be extremely large to keep water levels in these small catch basins under the freeboard 
consideration constraint, these catch basins and adjacent pipes were only altered if water levels 
exceeded the rim of the catch basin. 
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Through model design and analysis, 50 pipes and 15 structures required altering to alleviate flooding or 
overflow conditions of structures. These changes do not include areas where there are known plans for 
improvement, or all pipes identified as broken or damaged. However, the changes from design as well as 
any broken and damaged pipe, or known future projects, have been grouped and included into CIP 
project identification, which was conducted in coordination with City staff (see CHAPTER 6).  
 
An example of a future project that was not included in the design analysis but included in the CIP is the 
area of Railroad Street from Pennsylvania Avenue to Peoh Avenue. This area contains a significant 
amount of damaged or dilapidated pipes, however, the entirety of the pipeline in this area is planned to be 
replaced with several underground stormwater infiltration pipe systems. Because the entirety of this area 
is going to be altered from the original configuration to another, redesigning the existing pipe size or 
elevations was unnecessary.  
 
5.5  RECOMMENDATIONS 
 
The following recommendations are provided to enhance model development and detailed CIP project 
planning or design use beyond the scope of this Plan: 
 

�x Implement United States Geological Survey (USGS) Digital Elevation Model (DEM) data for the 
area scope, which would allow for the software to more accurately delineate sub-basin areas and 
runoff routes based on existing topography. 

 
�x Prior to taking definitive action to address predicted flooding or predicted surcharged pipe 

conditions, refine the affected portions of the model and implement a downstream analysis to 
develop detailed information for sizing facilities and better understand how solving an upstream 
problem may affect the downstream portions of the system.  
 

�x As new projects or land use actions arise, update the model with all known future public street 
developments that may affect the loading of the public stormwater system, to ensure accurate 
future loading and locations of additional inflow in the future. 
 

�x If the City desires the model to automatically design or upsize system components based on 
given constraints, a copy of the model should be created and all components converted from the 
dynamic EPA SWMM solver to a static solver within the software, as the model will not 
automatically design links or nodes using a dynamic solver.  
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CHAPTER 6 – CAPITAL IMPROVEMENT PLAN  
 
 
6.1  INTRODUCTION 
 
This section describes the development of recommended CIP projects to address existing and future 
stormwater infrastructure needs throughout the service area. As identified in CHAPTER 5, the City has 
undertaken a systemwide review of existing stormwater infrastructure and identified projects to repair 
damaged infrastructure, which represents the majority of the projects within the CIP. Systemwide 
hydraulic modeling efforts have also identified portions of the stormwater system that are undersized for 
meeting 25-year storms. These undersized components will be replaced with properly-sized infrastructure 
when these pipes are included in future capital projects.  
 
The projects identified herein are shown in Figure 6-1 and 6-2. Cost estimates for each project are 
included in Appendix C. 
 
6.2  PROJECTS TO REPLACE DAMAGED INFRASTRUCTURE  
 
The City has identified 28 locations where pipe sections require replacement due to corrosion, physical 
damage to the pipe, and/or pipe collapse. In some locations, new catch basins or sidewalk replacement 
will be required to adequately connect the new pipe to the stormwater system. Table 6-1 summarizes the 
costs for each project (in 2025 dollars). Figure 6-1 and Figure 6-2 both visually denote the project areas 
within the City system. 
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STORMWATER PLAN 

TABLE 6-1  PIPE REPLACEMENT CAPITAL IMPROVEMENT SUMMARY  

Project Name  
Pipe Length  

(ft)  
Structure 

Replacement  
Sidewalk/Curb 
Replacement  

Conceptual 
Project Cost  

Schedule A: GIS Structure ID  
(148E, 149SW, 290E) 

595 No No $273,000 

Schedule B: GIS Structure ID  
(518E, 435E, 434E, 436S) 

155 No No $159,000 

Schedule C: GIS Structure ID  
(304NE, 517S, 432N, 633E, 625E New) 

540 No Yes $293,000 

Schedule D: GIS Structure ID 
(499S, 499W, 275N, 644N, 287S) 

470 Yes Yes $232,000 

Schedule E: GIS Structure ID 
(167S, 431W, 308W) 850 Yes No $324,000 

Schedule F: GIS Structure ID 
(371W, CB-523, 371N, CB-658, 169W) 

230 Yes Yes $169,000 

Schedule G: GIS Structure ID 
(176W, 286S, 668N, 652E, 654E, 175S, 500N, 173S) 

1,600 No No $840,000 

Schedule H: GIS Structure ID 
(178E, 182W, 519W, 659S, 519S, 661W, CB-661, 
662W, 655N, 281W, 281E, 282W) 

2,500 No No $930,000 

Schedule I: GIS Structure ID 
(669N, 670N, CB-676, CB-671, 676E, 671N, 206S, 
673S, 206E) 

1,220 Yes No $393,000 

Schedule J: GIS Structure ID 
(353N, 205S, 285 SW) 

590 No No $247,000 

Schedule K: Railroad Infiltration 2,060 Yes Yes $1,640,000 

Total  10,810 --- --- $5,500,000 
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STORMWATER PLAN 

6.3  CAPITAL IMPROVEMENT PLAN  
 
As shown in Table 6-1, infrastructure requiring replacement has been organized into 11 schedules (A 
through K), based on proximity of damaged pipes to one another, and proximity to shared intersections. 
Undersized pipes found through the model software (see CHAPTER 5) were also accounted for and 
added to the nearest schedule.  
 
Through coordination with City staff, the schedules were prioritized. The organization effort considered 
the quantity and severity of damaged pipes or structures, the volume of runoff and conveyance through 
the area, and hindrance to the public if the area were to overflow. Based on these criteria, the City 
prioritized the proposed schedules as found in Table 6-2.  
 
Table 6-2 lists capital improvement projects (CIP) identified by the City during the development of this 
planning effort. The projects have been prioritized for completion; however, the City anticipates that the 
actual order in which they will be completed could change as funding becomes available and ongoing 
maintenance activities dictate a change in the City’s priorities. When feasible, the City will complete 
stormwater projects concurrently with road and utility projects to minimize costs associated with surface 
restoration and mobilization. Projects may also be combined to reduce the total number of construction 
contracts that the City will need to manage and efficiently address its project needs. 
 

TABLE 6-2  CAPITAL IMPROVEMENT PLAN PRIORITIZATION LIST  

CIP Project Number  Project Name  Conceptual Project Cost  

1 Schedule G $840,000 

2 Schedule E $324,000 

3 Schedule D $232,000 

4 Schedule H $930,000 

5 Schedule J $247,000 

6 Schedule F $169,000 

7 Schedule K $1,640,000 

8 Schedule C $293,000 

9 Schedule B $159,000 

10 Schedule A $273,000 

11 Schedule I $393,000 
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STORMWATER PLAN 

CHAPTER 7 – FINANCIAL PLAN  
 
 
The City does not currently operate its stormwater system as a dedicated utility, and historical financial 
records are insufficient to fully quantify the cost of operating and maintaining the system within a utility 
framework. Establishing a formal Stormwater Utility is therefore necessary to ensure compliance with 
applicable regulatory requirements, provide transparency in the use of public funds, and implement a 
stable, equitable funding structure. 
 
To support this effort, the City has completed a stormwater rate study as part of this Stormwater 
Management Plan, and that analysis is included in Appendix D. The rate analysis is grounded in cost-of-
service principles consistent with Washington municipal utility best practices and applicable legal 
standards. Rates are designed to recover only the reasonable and necessary costs of providing 
stormwater services, including operations, maintenance, capital improvement, system rehabilitation and 
replacement, and associated administrative functions. No revenues generated by the utility are intended 
for unrelated governmental purposes. 
 
The financial plan developed through the rate analysis evaluates the City’s ability to meet identified 
capital improvement needs, fully fund operations and maintenance (O&M), satisfy any debt service 
obligations, and establish reserve levels necessary to ensure system reliability, regulatory compliance, 
and long-term financial stability. Reserve targets are established consistently with prudent utility practice 
to manage revenue variability, respond to emergency conditions, and minimize rate volatility over time. 
 
The proposed rates and financial plan are based on documented system needs, regulatory drivers, and 
reasonable engineering and financial assumptions. They are structured to ensure a direct nexus between 
the rates charged and the services provided, and to equitably allocate costs among ratepayers in 
proportion to their demand on the public stormwater system. This approach is intended to maintain 
compliance with Washington legal standards distinguishing utility rates from taxes, including requirements 
for fairness, proportionality, and use of revenues solely for utility purposes. 
 
In the near term, the financial plan assumes a consistent and programmatic implementation of capital 
projects. This approach reflects best practices for newly established utilities, providing expenditure 
predictability and allowing the City to develop an operating history while building adequate reserve 
capacity. As the utility matures, the City may pursue larger capital projects through competitive grant 
funding, low-interest loan programs, or debt financing, where such approaches are demonstrated to be 
cost-effective and in the best interest of ratepayers. 
 
The need for external financing will be evaluated based on project scale, timing, and the availability of 
accumulated reserves. While the projects identified in Chapter 6 are generally smaller in scale, bundling 
projects to improve delivery efficiency and reduce administrative costs may increase overall project costs 
to a level where financing becomes appropriate. Any decision to utilize debt will be based on lifecycle cost 
analysis, intergenerational equity, and minimization of total cost to ratepayers. 
 
The City will manage the Stormwater Utility in accordance with established Washington municipal utility 
practices, including maintaining transparent financial reporting, segregating utility funds, periodically 
updating rate studies, and ensuring that all expenditures are necessary, reasonable, and directly related 
to the provision of stormwater services. This approach ensures responsible stewardship of public 
resources and long-term sustainability of the stormwater system. 
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Recommended Stormwater Utility Rate Structure:  
 
The City’s stormwater utility rate is established to equitably recover the costs of operating, maintaining, 
and improving the public stormwater system, consistent with accepted municipal utility practices in 
Washington State. The rate structure is designed to equitably apportion costs based on each parcel’s 
relative contribution to the stormwater system. 
 
The stormwater utility base rate recommended in the rate analysis is summarized as follows: 

�x $10.00 per month per Equivalent Residential Unit (ERU) 
 
Single -Family Residential  
 
Single-family residential properties, including condominiums, are assigned ERUs based on total parcel 
size as a reasonable proxy for runoff contribution. This approach reflects industry-standard practice 
where parcel-level impervious data is not uniformly available. 
 

�x 10,000 square foot lots or smaller = 1.0 ERU 
�x 10,001 square foot lots to 20,000 square foot lots = 1.5 ERU 
�x 20,001 square foot lots or larger = 2.0 ERU 

 
Non-Single -Family  
 
Multifamily residential, commercial, industrial, public assembly, and governmental parcels are charged 
based on measured impervious areas, which directly correlates to stormwater runoff and system demand.  
 

�x An ERU is defined as 2,5000 ft2 of calculated impervious area within a parcel. 
�x ERU calculation is to be rounded to the nearest tenth, and no utility account will be charged less 

than 1.0 ERU. 
 
ERUs are calculated as follows: 
 

�x Impervious Area of 20,000 square feet or smaller equals Impervious Area / 2,500 SF = ERU’s 
�x Impervious Area of 20,001 square feet to 50,000 SF equals Impervious Area*0.9 / 2,500 SF = 

ERU’s 
�x Impervious Area of 50,001 square feet or larger equals Impervious Area*0.8 / 2,500 SF = ERU’s 
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CHAPTER 8 – APPENDIX 
 
 
APPENDIX A – STORMWATER EXHIBITS 
APPENDIX B – STORMWATER MODELING DATA AND OUTPUTS 

 SECTION 1 – MODEL SUB-BASIN INVENTORY 
 SECTION 2 – OVERFLOW AND FREEBOARD ANALYSIS 
 SECTION 3 – PHYSICAL PROPERTY COMPARISON FOR DESIGN ANALYSIS 
APPENDIX C – COST ESTIMATES 
APPENDIX D – STORMWATER RATE ANALYSIS 
APPENDIX E – O & M MANUAL 
APPENDIX F – USDA SOIL MAP 
APPENDIX G – VIDEO INSPECTION REPORT 
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Text Box
Description:

This table denotes all sub-basins (labeled as catchments within the model software) used in modeling existing, 10-year future, and 2043 build out conditions. As described in section 5.2.2.1 of the report, the whole Cle Elum drainage basin was subdivided into fractional sub-basins so there is one modeled "sub-basin" per active system inlet. The table below lists each sub-basin, their calculated surface area, the maximum flow during the 3-hour storm period, and total volume runoff generated from each.
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awilliamson
Text Box
Description:

The following tables list all known catch basins and manholes modeled during a 25-year, three-hour storm. Each structure was analyzed during the storm's peak (1.25 hours) for the total available free board. As described in section 5.4, structures with less than one foot of freeboard were considered areas of concern along with overflowing structures. The model was run for existing, 10-year future, and 2043 future build out scenarios to determine the number of structures that are overflowing or have less than one foot of freeboard.

This first table set highlights all structures that are overflowing or have less than one foot of freeboard during the storm peak for existing infrastructure.
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Text Box
Description:

This table set highlights all structures that are overflowing or have less than one foot of freeboard during the storm peak for a 10-year future build out scenario.
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awilliamson
Text Box
Description:

This table set highlights all structures that are overflowing or have less than one foot of freeboard during the storm peak for a 2043 build out scenario.
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Text Box
Description:

The following table details physical parameters of the storm system infrastructure in the existing and design scenario, both under 2043 loading conditions. The design scenario and it's physical characteristics were created by analyzing the existing infrastructure under 2043 loading conditions, and altering properties of pipes and structures to alleviate overflowing conditions. Therefore, this table acts as a record of changes made to the physical properties of system components. See report section 5.3.3.2 - Analysis 2 - 2043 Design for more information.




�/�D�E�H�O �0�D�W�H�U�L�D�O
�(�[�L�V�W�L�Q�J

�0�D�W�H�U�L�D�O
�'�H�V�L�J�Q���6�F�H�Q�D�U�L�R

�,�Q�Y�H�U�W�����6�W�D�U�W��
�(�[�L�V�W�L�Q�J

���I�W��

�,�Q�Y�H�U�W�����6�W�D�U�W��
�'�H�V�L�J�Q���6�F�H�Q�D�U�L�R

���I�W��

�,�Q�Y�H�U�W�����6�W�R�S��
�(�[�L�V�W�L�Q�J

���I�W��

�,�Q�Y�H�U�W�����6�W�R�S��
�'�H�V�L�J�Q���6�F�H�Q�D�U�L�R

���I�W��

�'�L�D�P�H�W�H�U
�(�[�L�V�W�L�Q�J

���L�Q��

�'�L�D�P�H�W�H�U
�'�H�V�L�J�Q���6�F�H�Q�D�U�L�R

���L�Q��

�/������ �3�9�& �3�9�& ���������������� ���������������� �1���$ �1���$ ������ ��������
�/������ �6�W�H�H�O �6�W�H�H�O ���������������� ���������������� �1���$ �1���$ ������ ������
�/������ �3�9�& �3�9�& ���������������� ���������������� �1���$ �1���$ ������ ��������
�/������ �&�R�Q�F�U�H�W�H �&�R�Q�F�U�H�W�H ���������������� ���������������� �1���$ �1���$ �������� ��������
�/������ �&�R�Q�F�U�H�W�H �&�R�Q�F�U�H�W�H ���������������� ���������������� �1���$ �1���$ �������� ��������
�/������ �3�9�& �3�9�& ���������������� ���������������� �1���$ �1���$ �������� ��������
�/������ �3�9�& �3�9�& ���������������� ���������������� �1���$ �1���$ �������� ��������
�/������ �3�9�& �3�9�& ���������������� ���������������� �1���$ �1���$ �������� ��������
�/������ �3�9�& �3�9�& ���������������� ���������������� �1���$ �1���$ �������� ��������
�/������ �3�9�& �3�9�& ���������������� ���������������� �1���$ �1���$ �������� ��������
�/������ �3�9�& �3�9�& ���������������� ���������������� �1���$ �1���$ �������� ��������
�/������ �3�9�& �3�9�& ���������������� ���������������� �1���$ �1���$ �������� ��������
�/������ �3�9�& �3�9�& ���������������� ���������������� �1���$ �1���$ �������� ��������

�/������ �3�9�& �3�9�& ���������������� ���������������� �1���$ �1���$ �������� ��������

�/�D�E�H�O �(�O�H�Y�D�W�L�R�Q��
���*�U�R�X�Q�G��

�(�[�L�V�W�L�Q�J
���I�W��

�(�O�H�Y�D�W�L�R�Q��
���*�U�R�X�Q�G��

�'�H�V�L�J�Q���6�F�H�Q�D�U�L�R
���I�W��

�(�O�H�Y�D�W�L�R�Q�����,�Q�Y�H�U�W��
�(�[�L�V�W�L�Q�J

���I�W��

�(�O�H�Y�D�W�L�R�Q��
���,�Q�Y�H�U�W��

�'�H�V�L�J�Q���6�F�H�Q�D�U�L�R
���I�W��

�+�H�L�J�K�W
�(�[�L�V�W�L�Q�J

���I�W��

�+�H�L�J�K�W
�'�H�V�L�J�Q���6�F�H�Q�D�U�L�R

���I�W��

�%�R�W�W�R�P���:�L�G�W�K
�(�[�L�V�W�L�Q�J

���I�W��

�%�R�W�W�R�P���:�L�G�W�K
�'�H�V�L�J�Q���6�F�H�Q�D�U�L�R

���I�W��

�&�6���� ���������������� ���������������� ���������������� ���������������� �������� �������� �������� ��������
�&�6������ ���������������� ���������������� ���������������� ���������������� �������� �������� ������ ������

�/�D�E�H�O �(�O�H�Y�D�W�L�R�Q��
���*�U�R�X�Q�G��

�(�[�L�V�W�L�Q�J
���I�W��

�(�O�H�Y�D�W�L�R�Q��
���*�U�R�X�Q�G��

�'�H�V�L�J�Q���6�F�H�Q�D�U�L�R
���I�W��

�(�O�H�Y�D�W�L�R�Q�����,�Q�Y�H�U�W��
�(�[�L�V�W�L�Q�J

���I�W��

�(�O�H�Y�D�W�L�R�Q��
���,�Q�Y�H�U�W��

�'�H�V�L�J�Q���6�F�H�Q�D�U�L�R
���I�W��

�0�+������ ���������������� ���������������� ���������������� ����������������
�0�+������ ���������������� ���������������� ���������������� ����������������
�0�+������ ���������������� ���������������� ���������������� ����������������
�0�+�������� ���������������� ���������������� ���������������� ����������������

�/�D�E�H�O �(�O�H�Y�D�W�L�R�Q��
���*�U�R�X�Q�G��

�(�[�L�V�W�L�Q�J
���I�W��

�(�O�H�Y�D�W�L�R�Q��
���*�U�R�X�Q�G��

�'�H�V�L�J�Q���6�F�H�Q�D�U�L�R
���I�W��

�(�O�H�Y�D�W�L�R�Q�����,�Q�Y�H�U�W��
�(�[�L�V�W�L�Q�J

���I�W��

�(�O�H�Y�D�W�L�R�Q��
���,�Q�Y�H�U�W��

�'�H�V�L�J�Q���6�F�H�Q�D�U�L�R
���I�W��

�/�H�Q�J�W�K
�(�[�L�V�W�L�Q�J

���I�W��

�/�H�Q�J�W�K
�'�H�V�L�J�Q���6�F�H�Q�D�U�L�R

���I�W��

�:�L�G�W�K
�(�[�L�V�W�L�Q�J

���I�W��

�:�L�G�W�K
�'�H�V�L�J�Q���6�F�H�Q�D�U�L�R

���I�W��

�&�%�������� ���������������� ���������������� ���������������� ���������������� �������� �������� �������� ��������

�&�%�������� ���������������� ���������������� ���������������� ���������������� �������� �������� �������� ��������
�&�%�������� ���������������� ���������������� ���������������� ���������������� �������� �������� �������� ��������
�&�%�������� ���������������� ���������������� ���������������� ���������������� �������� �������� �������� ��������
�&�%�������� ���������������� ���������������� ���������������� ���������������� �������� �������� �������� ��������

�&�%�������� ���������������� ���������������� ���������������� ���������������� �������� �������� �������� ��������

�&�%�������� ���������������� ���������������� ���������������� ���������������� �������� �������� �������� ��������

�&�%�������� ���������������� ���������������� ���������������� ���������������� �������� �������� �������� ��������

�&�%�������� ���������������� ���������������� ���������������� ���������������� �������� �������� �������� ��������

�&�%���1������ ���������������� ���������������� ���������������� ���������������� �������� �������� �������� ��������

�6�W�R�U�P���&�O�H���(�O�X�P���V�W�V�Z

���������������� �3�D�J�H�������R�I����

�/�D�W�H�U�D�O���7�D�E�O�H
�&�R�P�S�D�U�H�G���$�O�W�H�U�Q�D�W�L�Y�H�����3�K�\�V�L�F�D�O

�&�X�O�Y�H�U�W���2�S�H�Q�L�Q�J���7�D�E�O�H
�&�R�P�S�D�U�H�G���$�O�W�H�U�Q�D�W�L�Y�H�����3�K�\�V�L�F�D�O

�&�R�P�S�D�U�H�G���$�O�W�H�U�Q�D�W�L�Y�H�����3�K�\�V�L�F�D�O

�0�D�Q�K�R�O�H���7�D�E�O�H

�&�D�W�F�K���%�D�V�L�Q���7�D�E�O�H
�&�R�P�S�D�U�H�G���$�O�W�H�U�Q�D�W�L�Y�H�����3�K�\�V�L�F�D�O

�%�H�Q�W�O�H�\���6�\�V�W�H�P�V�����,�Q�F�������+�D�H�V�W�D�G���0�H�W�K�R�G�V���6�R�O�X�W�L�R�Q���&�H�Q�W�H�U

�������6�L�H�P�R�Q���&�R�P�S�D�Q�\���'�U�L�Y�H���6�X�L�W�H�����������:�����:�D�W�H�U�W�R�Z�Q�����&�7���������������8�6�$����������������������������������

�6�H�Z�H�U�*�(�0�6���>�����������������������@



�$�S�S�H�Q�G�L�[���&� �

�&�R�V�W�� �( �V�W�L�P�D�W�H�V



��������	
����
������
��	���������������	�
����	
�	������	
���������	�
��������� 

���������	�
�����
�������
��������	 �
�������
�


����� ���������	
��

����� ���������	
��

���� ���������	
��

���������	�
�������
�������


 ��������	��� �� ��������� 
 ���������
� �������	���� �� �
�������� 
 �
��������
 !��"�#��$�%&��	�'�$�	���#�������� �� � �������� 
 � ��������
( ��)���*��)��	#����+	�����)��� $�, ������ 
�� �-�������
� ��)���*��)��	#����$�&���)��� $�, �-���� �� � �������
- .�������
/�01�#��!2�-(.0�3 $�, ������� -� �
 �������
4 ����%���5���!�&��3�1���6�	%� �� �
����� -� �4�3�����
3 ����%���5���!�&��
��1���6�	%� �� �

���� � � ��3� �����
7 �����������89��	�89#	:	���� �� �(��� �4� ����3����


� ����#��+	#
������	��6���#��* �; �-����  4� ����������
�#��*)������)����	� �
-���3����

���)%&�����<

� !=��!�&�

�����������
�����
�������
��������	 �
�������
�


�
38 $���*����	
��

���� ����
���������
���� ����
���������
���� ����
���������

�����������
�������
�������


 ��������	��� �� ��������� 
 ���������
� �������	���� �� �
�������� 
 �
��������
 !��"�#��$�%&��	�'�$�	���#�������� �� ���������� 
 ����������
( ��)���*��)��	#����+	�����)��� $�, �
����� �� ���(�����
� ��)���*��)��	#����$�&���)��� $�, �
 ���� 
� �
� �����
- .�������
/�01�#��!2�-(.0�3 $�, ������� �� �-�������
4 ����#��+	#
������	��6���#��* �; �
����� 
� �
�������
3 ����%���5���!�&��
��1���6�	%� �� �
����� 
�� �
��������
7 ����%���5���!�&��3�1���6�	%� �� �
 ���� �� �4�
�����

�#��*)���+��)����	� �7�� �����
���)%&�����<


� 
�����6)#�����1����!�&�
�� �����!=��

���� �!�	����
"�
�

8�!�&���)�������3>�����)�	��*������
�
"��������"��#��$

�
"��	
�%���$�&�
�����'��
"���%�%����"��#���$
�
"��������"��#��$

���"
"�� ��(��(�"����)��
����
�
�
�
�*��!��+&����& �#���,�*��!�-���
�
�$��+&.& �#
���"
"�� ��(��(�"����)��
����
�
�
�
�*��!��+&����& �#%��+&� 
(/� #�
��0�/��%�1,�*��!�-���
�
�$��+&.& �#
��"
"���0�����*0  ��
��0!*���
��%���$�&���0(������� �� 

���
��������

���� �!�	����
"�
�


�������� ����
������ ���� ���������

�������� ����
������ ���� ���������
���
����

������� 
21�����)#�)���16�?
(3�8��
(7�@���7�8A

���
����
������� 

���
��������

21�����)#�)���16�?�
38��( �8��( (8��( -�A

��!	����"��



��������	
����
������
��	���������������	�
����	
�	������	
���������	�
��������� 

�����������
�����
�������
��������	 �
�������
�


���-� ��#��*���!����'�:	��	

��1� ��#��*���.	����

���- ��#��*���.	����

���� ��#��*���.	����

�����-�� ��#��*���.	����

�����������
�������
�������


 ��������	��� �� ��������� 
 ���������
� �������	���� �� �
�������� 
 �
��������
 !��"�#��$�%&��	�'�$�	���#�������� �� ���������� 
 ����������
( ��)���*��)��	#����+	�����)��� $�, �
����� -� �-�������
� ��)���*��)��	#����$�&���)��� $�, �

���� �� ���������
- .�������
/�01�#��!2�-(.0�3 $�, ������� (� �
��������
4 ����%���5���!�&��
��1���6�	%� �� �

���� ((� �(3�(�����
3 ����%���5���!�&��-�1���6�	%� �� �
����� (� �(�������
7 ����%���5���!�&��3�1���6�	%� �� �
����� -� �4�������


� �����������89��	�89#	:	���� �� �(���  �� �
�������


 ����#��+	#
������	��6���#��* �; �-���� 7� ���(�����

� �	�*�#	&��B�����	���� �� ��������� 
 ���������

 ��%�������#��$�	���#��)���	�*�2)���� �� � ����� 
� � �������

( ��%�������#����*�5	�
�(01�#��$��#
 �; �4���� 7� �-� �����

� !��%	������������ �� �
������� 
 �
�������

�#��*)������)����	� �
4(�4�����
���)%&�����<


�
-����3���6)#�����1�����(�����-���6)#�����
1�����
(����
����6)#�����1���

�� �7����
����!=�

�����������
�����
�������
��������	 �
�������
�


(77� ��)������@�����

���� ��)������@�����

�1�- 2/
�������
(/�
���- 2/
�������
(/�
��1� ����
������
(/� �
"��	
�%��$�"3�'�&/�
(��������$��
"���%�%���
����# �%�,������'�%�,��
�

���� �!�	����
"�
�


��!�&��*����*�	�*����
���

��C����%���������*
3C�����)�	��*������

���
"����
������,�*��!�������
�
�$�&���0(��������� 
�
"��	
�%�&/�
(��������$��+&'��
"���%�%����"��#��$
�
"��	
�%���$�&�
�����'��
"���%�%����"��#��$

���
��������

���� �!�	����
"�
�

-���
"�������
���,�*��!�������
��4�

�
�����*���" � ��!�
�
�$��+&�5���678
��"
"���0��

('�(�"��

���

�
�$�	��5���678&0 3����
���/��0��
��.��
,��*

��
���/��
�%��
"��9� ���

(��/��0(/��0�*����
)
�/���3��� �"0
��0����3
�
� ��*��!��0�*���%�:�#�)� ���
��
�)�������""

(�
���0��0���5�,���"�/8%
;�" ����"
"��).���$��+&�������� 

�
"��	
�%���$�"3�'�&/�
(��������$��
"���%�%���
���� #��,������'� �)����#�%1,�
�
�

�������� ����
������ ���� ���������
���
����

������� 

�
"��	
�%���$�"3�'�&/�
(��������$��
"���%�%���
���� #��,������'� �)����#�%1,�
�
�

21�����)#�)���16�? �(,8���
4���( �,��-  8��-��8�,8@ A

��!	����"��



��������	
����
������
��	���������������	�
����	
�	������	
���������	�
��������� 

�����������
�������
�������


 ��������	��� �� ��������� 
 ���������
� �������	���� �� �
�������� 
 �
��������
 !��"�#��$�%&��	�'�$�	���#�������� �� � �������� 
 � ��������
( ��)���*��)��	#����+	�����)��� $�, �
����� �� � �������
� ��)���*��)��	#����$�&���)��� $�, �
 ���� 
� �
� �����
- .�������
/�01�#��!2�-(.0�3 $�, � ����� 
� �(�������
4 ����%���5���!�&��3�1���6�	%� �� �

����  �� �  �������
3 ����%���5���!�&��
��1���6�	%� �� �
����� 
4� ����(�����
7 �	�#��+	����$'&��
 8� �(������� 
 �(�������


� ��%�������#����*�5	�
�(01�#��$��#
 �; �7���� �� �(�������


 ��%�������#��$�	���#��)���	�*�2)���� �� ������ 

� ���������

� ��%�������#���)���B	%& 8� ��������� 
 ���������

 �	�*�#	&��B�����	���� �� �4������� 
 �4�������

�#��*)���6��)����	� �
 3�������
���)%&�����<


� �7����3���6)#�����1�����
(����
����6)#�����1���
�� (����
����!=�

���������!�
�����
�������
��������	 �
�������
�


��1� ��#��*���+)�����

���� ��#��*���+)�����

���� ��#��*���!���

���������!�
�������
�������


 ��������	��� �� ��������� 
 ���������
� �������	���� �� �
3������� 
 �
3�������
 !��"�#��$�%&��	�'�$�	���#�������� �� � �������� 
 � ��������
( ��)���*��)��	#����+	�����)��� $�, �3���� 
-� �
��3�����
� ��)���*��)��	#����$�&���)��� $�, �
����� -� �-�������
- .�������
/�01�#��!2�-(.0�3 $�, ������� 7� �
7�3�����
4 ����%���5���!�&��
��1���6�	%� �� �

���� 3�� �7 �������
3 �	�#��+	����$'&��
 8� �(������� � �3�������

�#��*)���8��)����	� �
7 �-�����
���)%&�����<


� 3�����
����6)#�����1���

@�!�&��#���	&��*����%�	��:��0�������*������&�	#�%�� �

�>����#�����

���
����
������� 

���
��������

21�����)#�)���16�?(77���(77@���4�,��-((,���34�A

�������� ����
������ ���� ���������
���
����

������� 
���
��������

�������� ����
������ ����

���
"�������

(������3��

'��
����
��(��3� �� ����( �
��$�&�
������5��678

21�����)#�)���16�?
-4���( 
@�� �3@A

���������

���� �!�	����
"�
�


���
"���������'������

(���3��


�$��+&�5��678
��$�&�
������5�1�678

��!	����"��



��������	
����
������
��	���������������	�
����	
�	������	
���������	�
��������� 

���������"�
�����
�������
��������	 �
�������
�


�1�����&94��� 7
������:�
�(�!��#

�1�-���&94��� 7
������:�
�(�!��#

�1�� 7
������:�
�(�!��#

���� ��#��*���������%��'

���������"�
�������
�������


 ��������	��� �� ��������� 
 ���������
� �������	���� �� �
�������� 
 �
��������
 !��"�#��$�%&��	�'�$�	���#�������� �� � �������� 
 � ��������
( ��)���*��)��	#����$�&���)��� $�, �
����� 
� �
�3�����
� ��)���*��)��	#����+	�����)��� $�, �

����  � � � �����
- .�������
/�01�#��!2�-(.0�3 $�, �(����� 
� �(�������
4 �*")����	�#��+	��� 8� �
������� 
 �
�������
3 �6��2�	�� 8� �
������� 
 �
�������
7 �	�#��+	����$'&��
 8� �(������� 
 �(�������


� ����%���5���!�&��
��1���6�	%� �� �
����� � � ��4�-�����


 ��%�������#��$�	���#��)���	�*�2)���� �� � ����� 
� � �������

� ��%�������#����*�5	�
�(01�#��$��#
 �; �(����� 
� �(�������

 ��%�������#���)���B	%& 8� ��������� 
 ���������

�#��*)������)����	� �
���(�����
���)%&�����<


� � ����
����6)#�����1���

���������#�
�����
�������
��������	 �
�������
�


�1�� ��������;	
�%	

���� ��������;	
�%	

�1�� ��������;	
�%	

���� ����
����<��
!�

���- ����
����<��
!�

���- ��#��*���$�	��	5	'

���� 7
������2��

�)�#

�1�� 7
������2��

�)�#

���� �!�	����
"�
�

��"
"���0��

(��/��0(/�

�3��
�0��" �����4�

�
���� �*���" ���!�
�
�$�&���0(��������� �5�1%��678�

������������$�
�
"��	
�%�&/�
(��������$��+&
�
"��	
�%��$�"3�'�&/�
(��������$��
"���%�%����"��#� �,

���
"�������
��**��0��
������ ����%�%����"��#��%�,' ��$������$
�$��+&

���
"��&�  �"���� �����/�
��*��*��!����
��4�

�
��� ��*���" ���!�
�
�$�&�
������5��%��678

���� �!�	����
"�
�


���
"����  �"������,�*��!����
��4�

�
�����*���" �� �!�
�
�$�&�
������5��%��678
;�" ����).���$��+&�"���&
�#�&���
�����

��������#��%�,�����0��0�����" ���!�
��5��
(% ��%���#��%���#��,8
-���/��
"���0��/��(��.0
����"����0��'
;�" ����"
"��).���$��+&�
��3����3���:�
/� ��4�-�������������)��0�����0
�'�0
 ��3����'��
����
����
���(����%
�
"��������"��#��$

���� ���������
���
����

������� 
���
��������

21�����)#�)���16�? 4
@����+0�� �� 4
,����+0-�3��
4� 8��
-7@A

��!�&���	���������#���������#�%�&�����	�����&��&��* �#)�	������)�������
#������

C����%�,���*�0�������*������&�	#�%���

�>�!=��?(����A

�
"���%�%���
����#�%��,
-��
"�������
��
��� �((���������
�
�
�
�*��!��+&��� �&�
�������,��*����
�%
�$��+&�51�678'��$�&�
������5�1�678
�
"��	
�%�&/�
(��������$��+&

�������� ����
������

��!	����"��



��������	
����
������
��	���������������	�
����	
�	������	
���������	�
��������� 

���������#�
�������
�������


 ��������	��� �� �
�������� 
 �
��������
� �������	���� �� �(�������� 
 �(��������
 !��"�#��$�%&��	�'�$�	���#�������� �� �
��������� 
 �
���������
( ��)���*��)��	#����+	�����)��� $�, �-����  (� ����(�����
� ��)���*��)��	#����$�&���)��� $�, �4���� 
 � �7�
�����
- .�������
/�01�#��!2�-(.0�3 $�, �
-���� 
4� ��4�������
4 ����%���5���!�&��
��1���6�	%� �� �
����� �4� � ��(�����
3 ����%���5���!�&��
��1���6�	%� �� �

����  � � � �����
7 ����%���5���!�&�� ��1���6�	%� �� �
3���� 
 �� �� (�������


� �����������89��	�89#	:	���� �� �(��� 
(�� ���3�����


 ����#��+	#
������	��6���#��* �; �(����  �� �
 �������

�#��*)���2��)����	� �����4�����
���)%&�����<


�  ����
����6)#�����1�����

����
����6)#�����1���
�� 
-����
����!=���
 ����� ����!=�

���������$�
�����
�������
��������	 �
�������
�


�1� �����������)%��	

�������&94��� �����������)%��	

���- �����������)%��	

��� 7
������7 ��� 

��� 7
������7 ��� 

��������� 7
������7 ��� 

��� 7
������7 ��� 

���� 7
������7 ��� 
���� 7
�������/���
���� 7
�������/���
���� 7
�������/���

�
"��	
�%���$�"3�'�&/�
(��������$��
"���%�%����"��# ��,
�
"��	
�%���$�"3�'�&/�
(��������$��
"���%�%����"��# ��,
�
"��	
�%���$�"3�'�&/�
(��������$��
"���%�%����"��# ��,

���
"��/��3#��0��

(��
�
���3
�
� �� �
(�/��*�"
"�� 4�

�
�����*���" ���!�
�
�$�&���0(��������� �51��678��
������������$��
�
�
"��	
�%���$�"3�'�&/�
(��������$��
"���%�%����"��# �%�,
��3����3���:�
/� ��4�-�������������)��0�����0
�'�0
 ��3����'��
����
����
�
"��	
�%��$�"3�'�&/�
(��������$�	���
"���%�%����"� �#�%�,

���
"����

�����"������%�
�$��+&�5���678
;�" ����).���$��+&�"���&
�#�&���
�
�������������#��%�1,'�������#��%�,

�
"��	
�%���$�"3�'�&/�
(��������$��
"���%�%����"��# �%�,

���
"���0��

(��/��0(/�4�

�
�����*���" ���!�
�
�$�&���0(��������� �5��%��678
;�" ����).���$��+&�"���&
�#�&���
�
�������������#��%��,'�������#��%�,
���
"����  �"����4�

�
�����*���" ���!�
�
�$�&�!�
��5��%��678
;�" ����).���$��+&
���
"����" �����)
�/���$��
"�
��"
"��
���0
����
=��'��0�� 0!"�

�)
�/�������*� 

 ������3�
���0��/��(

(�
*��!� 

���0"�����!%
;�" ����"
"��).���$��+&�"���&
�#�&���
�
����������-��#��%�,

���� �!�	����
"�
�


�������� ����
������ ���� ���������
���
����

������� 
���
��������

21�����)#�)���16�?
4-@���3-���--3,��-��8��-�(8��
4� ������,��
4 �A

��!	�#��"��



��������	
����
������
��	���������������	�
����	
�	������	
���������	�
��������� 

���������$�
�������
�������


 ��������	��� �� �
�������� 
 �
��������
� �������	���� �� ���������� 
 ����������
 !��"�#��$�%&��	�'�$�	���#�������� �� �-�������� 
 �-��������
( ��)���*��)��	#����+	�����)��� $�, ������ (�� ����������
� ��)���*��)��	#����$�&���)��� $�, �-���� 
4� �
��������
- .�������
/�01�#��!2�-(.0�3 $�, �
(����  �� �(��������
4 ����%���5���!�&��
��1���6�	%� �� �

���� ��� ����������
3 ����%���5���!�&�� ��1���6�	%� �� �
(���� ���� ��3��������
7 �����������89��	�89#	:	���� �� �(��� ���� �3�������


� ����#��+	#
������	��6���#��* �; �(����  3� �
4�
�����


 �*")����	�#��+	��� 8� �
������� 
 �
�������

� �6��2�	�� 8� �
������� 
 �
�������

�#��*)���.��)����	� ���(�������
���)%&�����<


� (�����
����6)#�����1���
�� ������� ����!=���(����
����!=�

�����������
�����
�������
��������	 �
�������
�


��� $���*���2	�*��

�1� $���*���2	�*��

&94�1�'�&94�1�'�
�1�-'��1��

$���*���2	�*��

�1�� $���*���2	�*��

���� $���*���2	�*��

���� 2/
������/���

�����������
�������
�������


 ��������	��� �� ��������� 
 ���������
� �������	���� �� ���������� 
 ����������
 !��"�#��$�%&��	�'�$�	���#�������� �� � �������� 
 � ��������
( ��)���*��)��	#����+	�����)��� $�, �-���� 
4� �
��������
� ��)���*��)��	#����$�&���)��� $�, �4���� 4� �(�7�����
- .�������
/�01�#��!2�-(.0�3 $�, �
-���� 

� �
4�-�����
4 ����%���5���!�&��3�1���6�	%� �� �

���� �4� ��7�4�����
3 ����%���5���!�&��
��1���6�	%� �� �

���� 7�� �
�(�������
7 �	�*�#	&��B�����	���� �� �4������� 
 �4�������


� �	�#��+	����$'&��
 8� �(������� 
 �(�������


 �*")����	�#��+	��� 8� �
������� 
 �
�������

�#��*)���1��)����	� ��  �7�����
���)%&�����<


� �4����3���6)#�����1�����-4����
����6)#�����1���
�� �3����
����!=�

���
��������

21�����)#�)���16�?
438��
3�@���
7@��-�7�����@���
7� ��--
@����+0--
��--�@��-��,���3
@���3
8���3�@A

21�����)#�)���16�?--7,��-4�,���+0-4-��+0-4
�-4
,��� �-���-4 �����-8A

�������� ����
������ ���� ���������
���
����

������� 

���� �!�	����
"�
�

-��
"���0������/��0(/�

�!0 �
" �� ����
�
��*��!��� ,������,�*��!����
��4�

�

�����*���" ���!�
�
�$�&���0(��������� 
,�!�&��*����*��&)�#�)��*��	�*�#���	&��*�
�
C������� �*�0�������*����
��&�	#�%���
3>�����)�	��*������

��3����3���&���/���

�4���)��0�����0
�����0��0��'�0 
��3����
����
������
(����%
�
"��	
�%��$����� '�&/�
(�������$��
"���%�%����"��# ��%�,
�
"��	
�%��$����� '�&/�
(��������$��
"���%�%����"�� #��$
�
"��	
�%��$����� '�&/�
(��������$��
"���%�%����"�� #�%�,
�
"��	
�%���$�&�
�����'��
"���%�%����"��#��$

�������� ����
������ ���� ���������
���
����

������� 
���
��������

��!	� ��"��



��������	
����
������
��	���������������	�
����	
�	������	
���������	�
��������� 

���������%�
�����
�������
��������	 �
�������
�


��� B	����	*����	
��

��� ��)���������)%��	

��� $���*�������	�

���������%�
�������
�������


 ��������	��� �� ��������� 
 ���������
� �������	���� �� �
�������� 
 �
��������
 !��"�#��$�%&��	�'�$�	���#�������� �� � �������� 
 � ��������
( ��)���*��)��	#����+	�����)��� $�, �

���� -� �4�
�����
� ��)���*��)��	#����$�&���)��� $�, �
����� �� � �������
- .�������
/�01�#��!2�-(.0�3 $�, �������  � �4�4�����
4 ����%���5���!�&��
3�1���6�	%� �� �
����� 
(� �
-�3�����
3 ����%���5���!�&��
��1���6�	%� �� �

���� (�� �(7�������
7 �����������89��	�89#	:	���� �� �(��� 
(� ��-����


� ����#��+	#
������	��6���#��* �; �
�����  � � �������


 �	�*�#	&��B�����	���� �� ��������� 
 ���������

�#��*)���D��)����	� �
(4�4
����
���)%&�����<


� 
�����
����!=���
(����
3���!=�
��  �����
����6)#�����1���

!�&��6�	��3>�!=�����	���*����
�>�

���� �!�	����
"�
�

6

��
���/���  �"���'�

�
�����*���" ���!�
��
�+&'���$���0�/��
��5��%��678
&���'��$�-���/��
��5��%��678

���
"��!0 �
" ��(��3� �� ����(��
�$�&�0��(��������� �

������������$�

�������� ����
������ ���� ���������

21�����)#�)���16�? � ,���������3��@A

���
����
������� 

���
��������

��!	�$��"��



��������	
����
������
��	���������������	�
����	
�	������	
���������	�
��������� 

���������&�
�������
�������


 ��������	��� �� �
�������� 
 �
��������
� �������	���� �� �3�������� 
 �3��������
 !��"�#��$�%&��	�'�$�	���#�������� �� �
��������� 
 �
���������
( B�%�:	��������)#�)����	�*������)#����� �� � -������� 
 � -�������
� ��)���*��)��	#����+	�����)��� $�, ������ ��� ����������
- ��)���*��)��	#����$�&���)��� $�, �-���� 
3� �
��3�����
4 .�������
/�01�#��!2�-(.0�3 $�, �
3���� �4� �(3�-�����
3 ����%���5���!�&��
��1���6�	%� �� �3���� 4�� �-��������

7
E�*��*�	���!�&��1������	�����$���#��
�'���%��(�1���6�	%�

�� ������� 
 
� � �4�������


� �	�#��+	����$'&��
 8� � �������  
 �7 �������


 �	�#��+	����$'&��� 8� �(������� 
- �4��������

� �����������89��	�89#	:	���� �� �(��� 
 
� ����(����

 ����#��+	#
������	��6���#��* �; ������ 4� � �������


(
8���������������	�*�@	����!���)�����
!��:������

�� �
������� 
 �
�������


� �	�*�#	&��B�����	���� �� ��������� 
 ���������

- ��%�������#��$�	���#��)���	�*�2)���� �� �4���� -�� �( �(�����

4 ��%�������#����*�5	�
�(01�#��$��#
 �; �3���� �4� ��
�-�����

3 !	:�%�����	�
���� �� �
�������� 
 �
��������

�#��*)���F��)����	� �744�-(����

���)%&�����<

� �����������	�����&�&�
�� B�%�:���9����������)#�)����	�*�&�&���

'���������������
 
�)����	� � ��47�� ����

�	����$	9 3��G ��-��  3�(�
���)%&�����< ���������#' 
�G �� 
�������


�
(C�5�*������#���-C�5�*�����)��	#����	��	 '�����!��������������
����������� ()*+,-*,./�)+

�� B��)��	#������#�����?��  C�.��������C���$�����--C�� �+�A
 � �	��������:��'� ������� 6������8���������� 
(G ��4��
7����
(� ������#���5����������)�������������

	���#�&	��* 8�:����%���	��	�*��)��)�	��B���)�#�� �4�������
�� �)�*��������#'�B�:��5����� ���������
-� �)�*�����*%������	���� �G ��� �-(����
4� ������)#�����8���������� 
-G �-�
�-(����
3�
7� '�����!���������0
�1�������� (2*23+*,4/�)+

�������� ����
������ ���� ���������
���
����

������� 
���
��������

B	����	*�1������	����

��!	����"��



�$�S�S�H�Q�G�L�[���'

�6 �W�R�U�P�Z�D�W�H�U�� �5 �D�W�H�� �$ �Q�D�O�\ �V �L �V



 

 
 
 
 
 

G:\PROJECTS\2023\23104E\To Ecology\POST ECOLOGY COMMENTS\Appendix\Appendix D.docx 
 P a g e  | 1 

 
CITY OF CLE ELUM 

STORMWATER RATE ANALYSIS  
 
 
Introduction  
 
The City of Cle Elum owns, currently operates and maintains a stormwater drainage system consisting of 
catch basins, swales, conveyance pipelines, and associated infrastructure through its Public Works 
Department. While these activities are ongoing, the City has not established a dedicated stormwater utility 
to fund the full lifecycle costs of system operation, maintenance, regulatory compliance, and capital 
improvement. 
 
Stormwater management is a fundamental municipal responsibility directly tied to the protection of public 
health, safety, property, and environmental quality. Failure to adequately maintain, operate and improve 
the system exposes the City to material risks including localized flooding, infrastructure failure, degradation 
of receiving waters, and violations of state and federal regulatory requirements. Consistent with Washington 
municipal utility best practices, the City will establish a stable, equitable funding mechanism designed to 
reasonably apportion costs based on each parcel’s relative contribution to the stormwater system. 
 
The purpose of this rate analysis is to develop a financial plan for a Stormwater Utility  identifying the City’s 
ability to meet capital improvement needs, fully fund operations and maintenance (O&M), satisfy any debt 
service obligations, and establish reserve levels necessary to ensure system reliability, regulatory 
compliance, long-term financial stability, analyze the issues, discuss industry best practices, and present 
alternative solutions (if applicable) that would improve alignment with the City's goals and objectives. The 
City’s goal is to implement a rate structure that is equitable, easy for property owners to understand, and 
able to be billed by current City employees without creating a significant administrative burden. 
 
Projected Revenues and Expenses  
 
Operation and maintenance  
 
The City does not currently segregate stormwater-specific expenditures. Accordingly, projected costs have 
been developed based on system inventory, standard maintenance frequencies, and industry-accepted 
unit costs. 
 
For rate-setting purposes, the City assumes and affirms that all stormwater system components will be 
inspected and maintained on an annual basis. This level of service reflects a prudent asset management 
standard consistent with regulatory expectations and risk mitigation obligations.  
 
Table 1 identifies the average cost to clean various categories of infrastructure and the resulting annual 
maintenance budget that must be supported by the proposed stormwater utility. 
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TABLE 1  STORMWATER FUND PROPOSED EXPENSES 

Category  
Number in 

System  
Cost to 

Clean, Each  

Annual 
Maintenance 

Cost  
Catch Basin 457 $50 $22,900 

Manhole/French Drain 120 $80 $9,600 

Storm Drain Line (per 100 ft) 700 $135 $94,500 

Ditch/Swale 42 $1,000 $42,000 

Grand Total    $169,000 
 
Capital Improvement Program 
 
The City has identified approximately $5,500,000 in capital improvements necessary to address known 
system deficiencies, including undersized conveyance, aging infrastructure, and areas with documented 
drainage issues. 
 
The City finds that deferral of these improvements will increase long-term costs and risk exposure. 
Accordingly, a systematic funding approach is required. 
 
Amortizing these costs over a 20-year planning horizon results in an annual capital funding requirement of 
$275,000, which is incorporated into the proposed utility rate. 
 
Table 2 summarizes Capital Improvement Project cost estimates.  Detailed information regarding the 
projects is included in Chapter 6 of the City of Cle Elum Stormwater Plan.   
 

TABLE 2 CAPITAL IMPROVEMENTS SUMMARY  

Project Schedule  Project Cost  

Schedule A $273,000 

Schedule B  $159,000 

Schedule C $293,000 

Schedule D $232,000 

Schedule E $324,000 

Schedule F $169,000 

Schedule G $840,000 

Schedule H $930,000 

Schedule I $393,000 

Schedule J $247,000 

Schedule K $1,640,000 

Total  $5,500,000 

Note: Project costs include sales tax, engineering, 
and environmental review.  
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Staffing 
 
Effective utility operation requires dedicated personnel to perform inspection, maintenance, regulatory 
compliance, and program administration functions. 
 
The City will assign one full-time equivalent (FTE) to the stormwater utility at an estimated annual cost of 
$100,000. The City finds this staffing level to be necessary and reasonable to meet operational and 
regulatory obligations and consistent with similarly situated jurisdictions. 
 
Financial Stability and Reserve Policy 
 
Best practices for municipal utilities in Washington State recommend maintaining a minimum reserve 
balance equivalent to six months of operating expenditures to ensure financial resilience, emergency 
response capability, and rate stability. 
 
The City has developed a six-year financial plan that incrementally builds reserves while maintaining rate 
stability. The proposed revenue target of $450,000 annually beginning in July 2026 is intentionally calibrated 
to: 
 

�x Fully fund annual O&M, staffing, and capital obligations when combined with competitive grant 
funding, low-interest loan programs; and  

�x Gradually build reserves to approximately six months of operating expenditures within six years.  
 

While this reserve relies on successfully obtaining competitive grant funding and/or low-interest loan 
programs to achieve the six-month best practice target, it represents a measured starting point that 
balances financial prudence with ratepayer impacts. The City retains the ability to adjust rates in the future 
based on actual operating experience, inflation, growth, and success of obtaining competitive grant funding 
and/or low-interest loan programs. The six-year plan to achieve this goal is summarized in Table 3.   
 

TABLE 3  STORMWATER FUND FINANCIAL PROJECTION  

Category  2026 
(6 months)  

2027 2028 2029 2030 2031 

System Operation & 
Maintenance  $84,500   $169,000   $177,500   186,400  

 
$195,700  

 
$205,500  

Dedicated 
Personnel Costs 

$50,000 $100,000 $105,000 $110,300 $115,800 $121,600 

Capital Projects $50,000 $275,000 $275,000 $275,000 $275,000 $275,000 

Utility Rates 
 

$225,000   $ 450,000   $456,300  
 

$462,700  
 

$469,200  
 $ 

475,800  
Grant/Loan $0  $160,000 $160,000 $160,000 $160,000 $160,000 
Difference (+/ -) $40,500 $66,000 $58,800 $51,000 $42,700 $33,700 
Starting Fund 
Balance(1) $0  $ 40,500   $106,500  

 
$165,300 

 
$216,300  

 
$259,000  

Ending Fund 
Balance(1)  $ 40,500   $106,500  $165,300 

 
$216,300 $259,000 

 
$292,700 

Percentage of 
Annual 
Expenditures 22% 20% 30% 38% 44% 49% 

(1) Starting Fund Balances are equal to previous year’s Ending Fund Balance. 
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Revenue Sufficiency and Rate Adjustment 
 
The proposed rate structure is designed to produce stable and sufficient revenue; however, it must be 
actively managed. The City will review stormwater utility revenues and expenditures on an annual basis. 
 
Key considerations include: 

�x Variations in growth relative to the assumed 1.4% annual rate;  
�x Inflationary impacts exceeding projections;  
�x Changes in regulatory requirements; and  
�x Actual system maintenance and capital costs.  

 
If revenues are insufficient, the City will implement rate adjustments to ensure continued cost recovery and 
system reliability. Conversely, higher-than-anticipated growth may allow for rate stabilization or delayed 
increases. 
 
 
Rate Structure Alternatives  
 
Rate Setting Overview 
 
The City shall impose ongoing user charges to recover the costs of providing stormwater services to 
properties within its jurisdiction. Such charges shall be established and administered as a utility rate 
structure designed to equitably, proportionally, and reliably recover the full cost of planning, constructing, 
operating, maintaining, repairing, replacing, and regulating the stormwater system. 
 
In accordance with Washington law, the City shall set rates that are fair, reasonable, and based on the cost 
of service. The City finds that establishing rates based on cost-of-service principles is essential to ensuring 
legal defensibility, financial sustainability, and equitable treatment of ratepayers.  
 
There is no single rate structure appropriate for all utilities. The City shall evaluate its unique physical, 
financial, and regulatory conditions in developing and periodically updating its rate structure. Because the 
majority of stormwater utility revenues are derived from user charges, the rate structure represents a critical 
policy and financial tool. 
 
The City further finds that the adopted rate structure advances legitimate governmental objectives, including 
protection of public health, safety, and welfare; compliance with state and federal stormwater regulations; 
preservation of infrastructure; and environmental stewardship. The rate structure may also reflect 
community policy objectives, provided that any such considerations are implemented in a manner that 
remains consistent with cost-of-service principles and does not result in rates that are disproportionate to 
the services received. 
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Legal Considerations 
 
An evaluation of alternative stormwater rate structures must be grounded in controlling Washington 
statutory authority, constitutional requirements, and well-established utility ratemaking principles. The 
following legal standards govern the defensibility of the proposed rate structure: 
 

�x A stormwater utility charge is lawful where it is imposed as a utility fee—rather than a tax—and 
where the revenues are dedicated to the operation, maintenance, and capital improvement of the 
stormwater system, consistent with RCW authority governing municipal utilities.  

�x Washington courts have consistently held that utility rates need not establish a precise, property-
specific equivalency between the fee paid and the service received; rather, a reasonable 
relationship between the rate methodology and the cost of providing service is sufficient.  

�x In Teter v. Clark County, the court affirmed that stormwater charges are valid where they are based 
on a rational and equitable methodology, and that an indirect but demonstrable relationship 
between the ratepayer and the benefits received satisfies legal requirements.  

�x Rates must be structured to avoid arbitrary or discriminatory treatment of similarly situated 
properties and must be supported by a defensible cost-of-service framework that allocates costs in 
proportion to system demand drivers.  

 
Impervious surface area is the most widely accepted and legally supportable proxy for stormwater system 
demand. It directly correlates with runoff volume and pollutant loading, which in turn drive system capacity 
requirements, regulatory compliance obligations, and long-term capital investment needs. The functional 
nexus between impervious surface area and stormwater impacts—including increased runoff, flooding risk, 
water quality degradation, and habitat impairment—is well-established in both engineering practice and 
case law. 
 
Accordingly, a rate structure based on impervious surface area (or its standardized derivative, such as an 
Equivalent Residential Unit) satisfies the legal requirement for a rational nexus between the fee imposed 
and the service provided, and is consistent with prevailing industry best practices for equitable and 
defensible stormwater utility ratemaking. 
 
Rate Structure Alternatives 
 
In evaluating stormwater rate structure alternatives, the City considered both cost-of-service equity and 
administrative feasibility as primary decision criteria. While a highly refined rate structure may more 
precisely allocate costs in proportion to runoff contribution, such approaches can require disproportionate 
investment in data collection, system development, and ongoing administration. Accordingly, the City 
recognizes that a rate structure must balance theoretical precision with practical implementation to ensure 
that the cost of administration does not outweigh the incremental equity achieved. 
 
To that end, the City developed and evaluated a range of rate structure alternatives representing six primary 
methodologies for allocating stormwater utility costs. Each methodology was further analyzed with respect 
to its treatment of different property classes, including the applicability of discounts or exemptions, as well 
as the resulting monthly charge to a typical single-family residential customer. 
 
The most common approach in the industry is to charge customers based on impervious surface area, 
resulting in a rate expressed as a dollar amount per equivalent residential unit (ERU). An ERU typically 
represents the average impervious area for a single -family residential parcel within the service area. 
Impervious area is area that prevents or impedes the permeation of water into the ground. 
 
Single-family: 
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Tracking parcel-specific measurements of impervious area for single-family customers can add 
administrative effort and complexity to the rate structure due to the number of customers that generally 
constitute this class. The more common practice is to impose a uniform rate on single- family residences 
by assigning each a single ERU. Though a uniform approach may overcharge smaller residences and 
undercharge larger residences, this approach is widely considered to be an acceptable compromise 
between equity and practicality.  
 
Single-family Tiers: 
 
An increasing trend is to consider and/or implement an assumed impervious surface based tiered total 
parcel size approach for single-family parcels. For example, a tiered single-family rate structure could group 
single-family parcels into “Small,” “Average,” and “Large.” In Washington, several stormwater utilities have 
implemented some type of single-family residential rate tiers.  
 
In general, despite potential added administrative costs, utilizing a tiered and / or “variable” single- family 
stormwater rate structure results in more equitable treatment of single-family customers by more closely 
aligning charges with assumed impervious area by total parcel size. City of Cle Elum chose this approach 
and it is summarized as follows:   
 
Single-Family Residential 

 
Single-family residential properties, including condominiums, are assigned ERUs based on total parcel 
size. 

 
�x 10,000 square foot lots or smaller = 1.0 ERU 
�x 10,001 square foot lots to 20,000 square foot lots = 1.5 ERU 
�x 20,001 square foot lots or larger = 2.0 ERU 

 
Non-Single Family Residential: 
 
Given the diversity that exists among non-single family residential properties, which include multifamily 
residential, commercial, industrial, public assembly, and governmental parcels. It is common to charge 
these customers based on actual measured impervious surface area, expressed as a certain number of 
equivalent residential units. 
 
Impervious surface area is an ideal fee basis as it creates a standard of charging that quantifies how the 
amount of impervious surface area impacts the environment through flooding, changes in water quality, 
and habitat degradation. Additionally, impervious area proportionately charges customers their share of 
system costs and provides an equitable, defensible means of cost recovery. 
 
An increasing trend is to consider and/or implement impervious surface based tiered approach for Non-
single family residential. For example, a tiered Non-single family residential rate structure could group Non-
single family residential parcels into “Small,” “Medium,” and “Large.” In Washington, several stormwater 
utilities have implemented some type of Non-single family residential rate tiers.  
 
In general, despite potential added administrative costs, utilizing a tiered and / or “variable” Non-single 
family residential stormwater rate structure results in more equitable treatment of Non-single family 
residential customers by more closely aligning charges with impervious area impacts the environment 
through flooding, changes in water quality, and habitat degradation. City of Cle Elum chose this approach 
and it is summarized as follows: 
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Multifamily residential, commercial, industrial, public assembly, and governmental parcels are charged 
based on measured impervious area, which directly correlates stormwater runoff and system demand.  
 
�x An ERU is defined as 2,500 ft2 of calculated impervious area within a parcel. 
�x ERU calculation is to be rounded to the nearest tenth, and no utility account will be charged less 

than 1.0 ERU. 
 
ERUs are calculated as follows: 
 
�x Impervious Area of 20,000 square feet or smaller equals Impervious Area / 2,500 SF = ERU’s 
�x Impervious Area of 20,001 square feet to 50,000 SF equals Impervious Area*0.9 / 2,500 SF = 

ERU’s 
�x Impervious Area of 50,001 square feet or larger equals Impervious Area*0.8 / 2,500 SF = ERU’s 

 
Table 4 provides a comparative evaluation of rate structure alternatives, assessing each approach in 
terms of proportional equity, administrative simplicity, and revenue sufficiency. Based on this analysis, the 
City determines that Alternative 6B represents the most legally and operationally defensible option. 
 
Alternative 6B achieves a reasonable proportional relationship between rates charged and the relative 
contribution of stormwater runoff, consistent with established cost-of-service principles and applicable 
Washington case law. At the same time, it avoids unnecessary administrative complexity, allowing for 
efficient implementation and ongoing management by City staff without imposing undue burden or cost. 
 
Accordingly, Alternative 6B provides a balanced and sustainable framework that supports long-term utility 
funding, enhances transparency to ratepayers, and strengthens the City’s position in demonstrating that 
rates are fair, equitable, and appropriately aligned with the benefits and burdens of stormwater service. 
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TABLE 4  STORMWATER RATE ALTERNATIVES  

Approach 
Number  Description  

Single -Family 
Residential Monthly 

Rate 

% of Revenue from 
Single -Family 

Residential  

1A All parcels equal $22.69 57% 

1B All parcels equal, no payment for Undeveloped Land 
or Forest 

$30.00 76% 

1C All Parcels Equal, 50% payment for Undeveloped 
Land  

$25.00 63% 

2A Payment based on parcel area $3.88 10% 

2B Payment based on parcel area, no payment for 
Undeveloped Land $22.00 55% 

2C Payment based on parcel area, 50% payment for 
Undeveloped Land $5.67 14% 

3A Payment based on Area-Based ERUs (6,500 Square 
feet per ERU) $1.81 9% 

3B Payment based on Area-Based ERUs (6,500 Square 
feet per ERU), no payment for Undeveloped Land $10.53 52% 

3C Payment based on Area-Based ERUs (6,500 Square 
feet per ERU), 50% payment for Undeveloped Land $2.69 13% 

4A Payment based on impervious area for parcel $10.56 27% 

4B Payment based on impervious area for parcel, 10% 
payment for Undeveloped Land 

$8.16 21% 

5A Payment based on Impervious Area-Based ERUs $2.33 19% 

5B Payment based on Impervious Area-Based ERUs, 
but no payment for Undeveloped or Forest $5.27 42% 

5C Payment based on Impervious Area-Based ERUs, 
but 50% payment for Undeveloped or Forest $2.65 21% 

6A 

Payment based on Parcel Area-Based ERUs for 
Single Family, Impervious Area-Based ERUs for Non 

Single Family  (2,500 Square feet per ERU), 10% 
payment for Undeveloped Land 

$8.75 26% 

6B 

Payment based on Parcel Area-Based ERUs for 
Single Family, Impervious Area-Based ERUs for Non 

Single Family  (2,500 Square feet per ERU), no 
payment for Undeveloped Land / Parks 

$10.00 30% 
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Ratepayer Equity and Legal Defensibility 
 
The City finds that selected rate structure is consistent with established Washington case law and utility 
rate-setting principles, including: 
 

�x Proportionality between fee and service received;  
�x Avoidance of arbitrary or discriminatory charges; and  
�x Clear nexus between stormwater generation and system costs.  

 
The City further finds that the rate structure is fair, reasonable, and not arbitrary, and is therefore legally 
defensible under Washington law. 
 
Conclusion 
 
The establishment of a stormwater utility is necessary to ensure the long-term functionality, safety, and 
regulatory compliance of the City’s drainage system. The proposed rate structure provides a fair, rational, 
and sustainable funding mechanism that aligns with industry standards and Washington municipal best 
practices. 
 
The recommended rate of $10.00 per month per single-family equivalent unit represents a balanced 
approach that: 
 

�x Fully funds current and future system needs;  
�x Maintains affordability for ratepayers; and  
�x Positions the City to responsibly manage its stormwater infrastructure. 
�x Consistent with industry standards and Washington municipal utility practices.  

This rate positions the City to responsibly fund, operate, and maintain its stormwater system 
while meeting its obligations to the public and regulatory agencies. 
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2803 River Road 
Yakima, WA, 98902 
(509) 966-7000 
 

Contact:  Dean P Smith, PE 
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STORMWATER OPERATION & MAINTENANCE PLAN 
 
SECTION 1  - Inspection & Maintenance of Stormwater Management Facilities 
 
The City �R�I���&�O�H���(�O�X�P�¶s (City) primary method for stormwater management will be a conveyance 
system to two discharges into the Yakima River.      
 
Stormwater management facilities must be properly maintained to ensure that they operate 
correctly and provide the water quality treatment for which they were designed.  Routine 
maintenance performed on a regularly scheduled basis, can help avoid more costly rehabilitative 
maintenance that results when facilities are not adequately maintained. 
 
Training and education can be useful tools in maintaining the stormwater facilities in the 
development.  It is strongly encouraged that the City conducts periodic preventative maintenance 
discussions with the personnel to avoid costly maintenance in the future. 
 
Inspecting Stormwater Management Facilities 
 
The quality of stormwater entering the waters of the State relies heavily on the proper operations 
and maintenance of permanent Best Management Practices (BMPs).  Stormwater management 
facilities must be periodically inspected to ensure that they function as designed.  All stormwater 
management facilities are required to be inspected by a city representative/employee at a 
minimum of twice per year.  Inspections should follow the inspection guidelines found in 
Attachment A.  The assessment from the inspection will determine the appropriate maintenance 
that is required for the facility.  A complete and thorough system inspection using the Inspection 
and Maintenance forms shall be completed on the following schedule: 
 

1. Inspection should occur at least twice a year preferably in the spring season when 
evidence of any erosion would be greatest and in the fall season when excess debris could 
clog the downstream waterways causing flooding during the wet season. 

2. After any major storm events that produce more than 1" of rainfall in 24 hours. 
 

Inspection Forms and Maintenance Report  
 
Once the applicable stormwater system components have been identified, utilize the Inspection 
and Maintenance forms and Inspection Cover Sheet, found in Attachment A,. Inspect each system 
design feature to determine if any of the conditions are present as provided on the forms.  Add 
comments, problems found, and/or action taken.  If the current condition of the drainage system 
feature matches the description on the Inspection and Maintenance form, place a checkmark in 
the appropriate column or use the grading system offered below.  The system design features 
that have been checked will need maintenance if you determine a problem exists.  
 

Inspection Scoring 
 
One method to itemize the condition of each facility is through the use of a score card.  The 
following is one example of a method that could be instituted by the City while performing 
inspecton(s) on its stormwater system. 
 
0  =   No deficiencies identified. 
 
1  = Monitor �± Although maintenance may not be required at this time, a potential problem 

exists that will most likely need to be addressed in the future.  This can include items 
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like minor erosion, concrete cracks/spalling, or minor sediment accumulation.  This item 
should be revisited at the next inspection. 

 
2  =  Routine Maintenance Required �± Some inspection items can be addressed through the 

routine maintenance program using the checklists in Attachment A.  This can include 
items like vegetation management or debris/trash removal. 

 
3  = Immediate Repair Necessary �± This item needs immediate attention because failure is 

imminent or has already occurred.  This could include items such as structural failure 
of a feature, significant erosion, or significant sediment accumulation.  This score 
should be given to an item that can significantly affect the function of the facility. 

 
N/A This is checked by an item that may not exist in a facility.  Not all the items on the 

checklists are applicable to the individual facilities. 
 
To use the Maintenance Report form, first complete any maintenance activities that were required 
for the stormwater system.  Second, after you have maintained the stormwater system, fill out a 
Maintenance Report.  Describe the maintenance activities, including descriptions of the type of 
work, completion dates, contractors used, time needed, and costs.  Documenting the 
maintenance performed on a stormwater system will be useful in planning future maintenance 
activities.  
 
It is the responsibility of the City to archive all reports upon completion and maintain access to 
them for reference whenever needed. 
 
SECTION 2  - Responsible Organization  
 
At the time of development of this Operations and Maintenance Manual, it is understood that 
maintenance of the stormwater facilities located within the City right of way would be the sole 
responsibility of the City. 
 
Operation and maintenance for on-site private drainage facilities are the responsibility of the 
property owner, and/or their heirs or successors. The maintenance schedule shall be kept on 
record by the property owner. 
 
Property owners are responsible for ensuring all stormwater facilities installed (existing or new) 
on their property are properly maintained and function as designed.  In some cases, this 
maintenance responsibility may be assigned to others through special arrangements and as 
governed by the legal property owner.  The maintenance responsibility for a stormwater facility 
�P�D�\���E�H���G�H�V�L�J�Q�D�W�H�G���R�Q���W�K�H���V�L�W�H���G�H�Y�H�O�R�S�P�H�Q�W���S�O�D�Q�����Z�L�W�K�L�Q���W�K�H���G�H�Y�H�O�R�S�P�H�Q�W�¶�V���&�&�5�¶�V�����D�Q�G���R�U���Z�L�W�K�L�Q��
a maintenance agreement for the property.   
 
Maintenance required by the property owner is outlined in the maintenance checklists located in 
Attachment A and applies to all private facilities.  All facilities within the public right of way are the 
responsibility of the City. 
 
 
SECTION 3  - Safety  
 
Keep safety considerations at the forefront of inspection procedures at all times.  Likely hazards 
should be anticipated and avoided.  Never enter a confined space (outlet structure, manhole, etc.) 
without proper training or equipment.  
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To report a spill or to determine if a spill is a substance of a reportable quantity, call the 
Washington State Department of Ecology Regional Office to speak with an oil spill operations or 
hazardous waste specialist: 
 
Central Regional Office (509) 575-2490 
 
Safety Information 
 

1. Inspections  
 

The inspector must have the proper safety equipment (e.g. heavy duty gloves, boots, and 
first aid kits) and training before conducting any inspections. If the stormwater system 
inspection reveals a safety concern, assess the risk and modify the site activities 
appropriately to reduce or eliminate the safety risk. The following is a list of safety 
precautions an inspector should be aware of when conducting stormwater system 
inspections.  
 
Never enter a confined space without proper Occupational Safety and Health 
Administration (OSHA) training. Do not enter any confined space until the atmosphere has 
been checked and proper safety equipment is worn and/or erected.  
 
Avoid entering pipes or conduits without another individual present. If the structural 
strength of a pipe or conduit is questionable, do not enter the pipe or conduit at all.  
 
Check the ventilation in the stormwater system before using any type of combustible 
materials. Some stormwater systems may be sealed and have poor ventilation, posing a 
safety risk to the inspector if the vapor comes in contact with an open flame.  
 
Wear gloves if any mechanical parts or structural components are going to be handled. 
Wearing gloves not only reduces the risk of getting cuts and abrasions, but also reduces 
the exposure of pollutants to the skin.  
 
Lift manhole covers, catch basin grates, or other structural covers (trash racks, access 
covers, etc.) carefully and with appropriate lifting aids.  These items can be very heavy 
and slippery if wet. Also, learn the correct way to lift heavy items to avoid back injury.  
 
Check the water depth of the system before stepping in the water.  The water may be 
deeper than it appears, or there may be steep slopes below the water line.  
 
Check for poison ivy, poison oak, or other poisonous plants when inspecting ponds or 
other large stormwater systems. Inform the individual who will perform maintenance on 
the system if these plants are present.  
 
 
2. Maintenance  
 
All maintenance work needs to be done in accordance with OSHA regulations. 
Maintenance personnel must have the proper safety equipment (e.g. heavy duty gloves, 
steel toed boots, and first aid kits) and training before performing any maintenance on a 
stormwater system. The following is a list of safety precautions maintenance personnel 
should be aware of when they perform maintenance on stormwater systems:  
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Equipment shall be operated safely and in accordance with manufacturer�¶s specifications.  
Equipment operators must be aware of site personnel at all times to avoid causing injury 
to others.  
 
Utility companies shall be contacted before excavating a site.  Underground utility wires 
may be present.  Excavated areas that cannot be filled by the end of the day must be 
covered or clearly marked to alert site employees and/or the public of the potential risk.  
 
Areas where removed sediment or wastes will be disposed should be identified prior to 
cleaning the storm water system.  Use shovels, trowels, or a high-suction vacuum to 
remove wastes.  
 
Sediment or waste shall not be cleaned out with bare hands.  The sediment or waste may 
be hazardous.  Place the sediment or waste in an area where it cannot be washed into a 
storm drain or water body.  
 
Gloves must be worn if any mechanical parts or structural components are going to be 
handled. Wearing gloves not only reduces the risk of getting cuts and abrasions, but also 
reduces the exposure of pollutants to the skin.  
 
Caution should be taken when mowing any areas, that by design, have steep slopes.  

 
SECTION 3  - Best Management Practices (BMPs)  
 
BMPs for City properties   
 
The following BMPs will keep pollutants out of the stormwater runoff for the City. These BMPs are 
also known as source controls and were selected from the Stormwater Management Manuel for 
Eastern Washington (SWMMEW).  Ensuring these source controls are followed is the 
responsibility of the City. These BMPs include the following:  
 

�x Lawn chemicals such as fertilizers and pesticides will be used in accordance with 
�P�D�Q�X�I�D�F�W�X�U�H�U�¶�V���U�H�F�R�P�P�H�Q�G�D�W�L�R�Q�V, and will be used only when less toxic ways to control 
insects or weeds are not effective.  

�x Dirt, grass, and other materials will be kept out of the street so they do not wash into a 
storm drain when it rains. Materials stored outdoors will be covered.  

�x Leaves and other yard debris will be kept out of the street to avoid clogging storm drains.  
 
See Attachment �%���I�R�U���D�G�G�L�W�L�R�Q�D�O���³Source Control Best Management Practices�´�� 
 
 
SECTION 4  - Vegetation Management Plan  
 
All disturbed pervious area within the site will be landscaped in accordance with City code 
requirements, and to prevent soil erosion.  Vegetation management includes maintaining 
landscaping for roadway rights-of-way, on-site landscaping, controlling noxious weeds, pests, and 
unwanted vegetation growth.  Disturbed soil, removed vegetation, and chemicals can all 
negatively impact receiving waters. 
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Landscaping and Irrigation BMPs  

�‡ Maintain vegetative cover on landscape areas and embankments to prevent soil 
erosion.  When vegetation is removed, apply mulch or other cover measures to 
prevent soil erosion. 

�‡ Dispose of lawn clippings, leaves, branches, and other vegetative material; 
landscape material should not be disposed of in streams or storm drains. 

�‡ Avoid loosening the soil during weed control. 
�‡ Inspect the irrigation system regularly to minimize excess watering and prevent the 

runoff of fertilizer.  
�‡ Repair leaks to the irrigation system as soon as they are observed or reported. 
�‡ Minimize the use of chemical fertilizers and calibrate the distributor to avoid 

excessive application. 
�‡ Store fertilizers in enclosed areas or in covered impervious containment.  Store and 

maintain appropriate spill cleanup materials in a location known to all near the 
storage area. 

Pesticide and Herbicide BMPs 

�‡ Use mechanical methods of vegetation removal rather than herbicides. 
�‡ Use pesticides only if there is an actual pest problem (not as a regularly scheduled 

preventative maintenance measure). 
�‡ Use the least toxic pesticide for the job; avoid the use of copper-based pesticides if 

alternatives are available; select products with low water solubility and low 
persistence. 

�‡ Do not use pesticides or herbicides if rain is expected. 
�‡ Do not mix or prepare pesticides near storm drain inlets. 
�‡ Follow product labels for proper application of any pesticide.  
�‡ Use the minimum amount of chemical needed for the job. 
�‡ Avoid pesticide applications within 100 feet of a water body and avoid application on 

or near most stormwater collection and conveyance facilities, excluding dry 
roadside ditches.  

�‡ Use products specifically labeled for dry ditches when treating roadside ditches. 
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SECTION 5  - Winter Activities 
 
Winter activities around municipal site includes anti-icing, deicing, sanding, and snow removal on 
sidewalks and small parking lots.  These activities protect public safety during inclement winter 
weather. 

Deicing and Sanding 

�‡ Whenever possible, limit the use of chemical deicers. When chemical application is 
needed, select produces with the least adverse environmental impact while still 
providing for public safety.  

�‡ Apply sand and deicer at the lowest rate necessary to provide for public safety; 
avoid excessive application. 

�‡ Sweep parking lots in early spring to collect accumulated sand after the winter 
season. 

Snow Removal 

�‡ Whenever possible, avoid piling snow over inlets of the stormwater collection and 
conveyance system to allow melting snow to drain. 

�‡ Snow removed from sidewalks and parking lots shall be deposited on adjacent 
landscaped areas, or within a seldom used parking stall for storage during melting. 

�‡ Avoid depositing snow within 25 feet of surface waters, 75 feet of private water 
supplies, 200 feet from any community water supply, or 400 feet from any municipal 
well. 

 
  

 



 

 
   

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 

Attachment A 
Maintenance Program and Checklists  

  



 

 
   

 

 
Inspection Forms and Maintenance Report  

 

Inspection Cover Sheet  

 
Date: __________________  

Facility Name: ___________________________________     

Facility Address: _________________________________  

Facility Owner: __________________________________  

Inspector Name: __________________________________  

Inspector Phone Number: __________________________  

Inspection Period: ____________________    Number of Sheets Attached: __________ 

 
Important Safety Information  

 Never enter a confined space or trench unless you have proper Occupational 
Health and Safety (OSHA) training.  Do not enter any confined space unless the 
atmosphere has been checked and proper safety equipment is worn or erected. 
Check the ventilation in the stormwater system before using ignitable materials. 
Some stormwater systems have poor ventilation and can pose a safety risk to 
the inspector if the vapor comes in contact with an open flame.  

 Always cover or clearly mark excavated areas as potential safety risks if the 
areas cannot be filled by the end of a work day.  

 
Inspection comments:  

 

 

 

 

 



 

 
   

 

Maintenance Report Form  

 

Date: _______________  

Facility Name: ____________________________________________   

  

Facility Address: __________________________________________  

Facility Owner: ___________________________________________  

Name of Person Overseeing Maintenance: ______________________  

Type of System: __________________________________________  

Date of Last Inspection: ____________________________________  

Describe maintenance activities, including type of work, completion dates, 
contractors, time needed to complete task, and cost.  
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O&M - Minimizing Directly Connected Impervious Areas (DCIAs) 
 

Stormwater System 
Feature    

Are any of these 
conditions present? Problem  Recommendation  

Landscaped or 
Natural Area  

 
Sediment accumulation 
exceeds 2" in depth  

Sediment buildup on 
vegetation  

Remove sediment carefully to avoid 
damaging the existing vegetation. Dispose 
of sediment properly.  

  
Grass becomes 
excessively tall or weeds 
invade the area  

Tall grass or weeds  

Mow vegetation regularly. Grass should 
be mowed to a height between 4-9" for 
best stormwater treatment.  
 
Remove weeds.  

  
Trash and debris are 
present  

Trash and debris 
accumulation  

Remove waste and dispose of properly.  

 

Offensive color, odor, or 
sludge is present  

Unknown or 
uncharacteristic 
substance  

 
Remove substance and eliminate its 
source. If unsure whether the substance is 
hazardous, take a sample or contact a 
qualified hazardous waste consultant for 
assistance.  

   
Erosion or scouring is 
evident  

 
Excessive flows or 
flow channelization  

 
Re-grade and re-seed area to eliminate 
high velocity or channelized flows. 
Overseed areas where bare spots are 
present.  
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O&M �± Bio-Infiltration/ Infiltration / Basins  

Stormwater System 
Feature  

 Are any of these conditions 
present?  

Problem  Recommendation  

General   

Standing water is present 
72 hours after storm event  

Sediment buildup on 
bottom or sides of 
infiltration system  

Excavate infiltration system and remove 
excess sediment. Dispose of sediment 
properly. An engineer or geotechnical 
consultant should examine drain rock and 
filter fabric to determine if replacement is 
needed. Re-install infiltration system 12" 
into free draining material.  

  

Offensive odor, color, or 
sludge is present  

Unknown or 
uncharacteristic 
substance  

Remove substance and eliminate its 
source. If unsure whether the substance is 
hazardous, either take a sample or contact 
a qualified hazardous waste consultant for 
assistance.  

  
Propane, oil, or gasoline 
odor or puddle is present  

Accumulation of 
petroleum products  

Contact a qualified hazardous waste 
consultant for information on proper 
treatment and disposal of petroleum 
products.  

  Excessive debris, 
sediment, and oil buildup is 
present  

Pretreatment system 
not working properly  

Clean out accumulated debris in 
pretreatment system and dispose of 
properly. 

Inlet/outlet Pipes  

 
Standing water is present 
72 hours after storm event  Clogged pipes  

Clean out sediment and debris from pipes. 
See O&M- Pipes, for more information. 

Rock Filters 

 

Sediment and debris 

By visual inspection 
little or no water 
flows through filter 
during heavy rain 
storms Replace gravel rock filter. 

Storm Pure Filter 

 

Replace Per Manuf. 
Spec. if excessive debris, 
sediment, and oil buildup is 
present Filter is clogged Replace filter cartridge. 
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O&M - Ponds (Detention, Extended Detention, Evaporation)   

Stormwater system 
feature  

  Are any of these conditions 
present?  

Problem  Recommendation   

General  

 Dumped yard wastes or 
nondegradable materials 
(glass, plastic, Styrofoam, 
etc.) are present in pond  

Accumulation of 
trash and debris  

Remove trash and debris and dispose of 
properly.  

  

Undesirable vegetation is 
invading the pond  

nuisance, 
poisonous, or 
noxious weeds  

Seek advice from the Kittitas County Noxious 
week control before spraying pesticides. Certain 
pesticides should not be used near waterbodies.  

 propane, oil, or gasoline 
odor or surface film is 
present  

accumulation of 
petroleum 
products  

Contact a qualified hazardous waste consultant 
for more information.  

 

bare spots or sparse 
vegetation is evident in the 
pond  

compaction  
Aerate and amend soils, re-seed, and mulch 
bare areas. Re-contour and re-seed pond to 
original design specifications.  

 

insect infestation  

Seek advice from Washington State University 
Integrated Prest Management (IPM) regarding 
appropriate methods for controlling insects.  

 

grass is taller than 10"  overgrown 
vegetation  

Mow grass regularly. Grass should be mowed to 
a height of 4-9" for best storm water control. 
Avoid over-applying fertilizers. Excessive 
fertilizer application may compound water quality 
problems.  

 

offensive color, odor, or 
sludge is present  

unknown or 
uncharacteristic 
substance  

Remove substance and eliminate its source. If 
you don't know if the substance is hazardous, 
either take a sample or contact a qualified 
hazardous waste consultant for more 
information.  

 
excessive mosquito 
population is present  

mosquitos  
Install predacious bird and bat nesting boxes to 
control insects. Mosquito fish (Gambusia) can be 
used and are available locally.  

 water flows through holes in 
dam or berm; holes are 
present around pond  

rodents  
Destroy rodents and repair dam or berm. 
Contact the Idaho Department of Fish and Game 
for information on controlling rodents.  

 

large trees interfere with 
maintenance activities  

overgrown trees  
Remove trees that interfere with access or 
maintenance activities. Preserve trees that are 
not a problem.  

  Clean out sediment to original shape and depth 
of the pond. Re-seed pond, if necessary, to 
control erosion.  

Storage area   accumulated sediment 
exceeds 10% of the 
designed pond depth  

excessive 
sediment  

If the pond is designated as "waters of the U.S." 
or as a wetland by the U.S. Army Corps of 
Engineers (Corps), you must obtain a 404 
(dredge and fill) permit. You must also obtain a 
Stream Channel Alteration permit from the 
Washington Department of Ecology. Contact the 
Corps and Ecology for more information.  

Pond dike/berm  
 

dike or berm has settled 4" 
lower than design elevation  

dike/berm 
settlement  

Repair dike/berm to original design 
specifications. Re-seed or sod.  

Overflow spillway  
 bare soil is visible at top of 

spillway or outside slope  
inadequate rock 
layer  Add enough rock to cover up bare soil.  

Trash rack  
 debris covers at least 25% 

of the bar screen or bar 
screen is missing  

trash rack is 
plugged or 
missing  

Replace screen, if necessary. Remove trash and 
debris. Dispose of waste properly.  
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O&M -  Biofiltration Swales   

Stormwater System 
Feature   

Are any of these conditions 
present?  Problem  Recommendation  

General   Dumped yard wastes or 
nondegradable materials 
(glass, plastic, Styrofoam, etc.) 
are present in pond  

Accumulation of trash 
and debris  

Remove trash and debris and 
dispose of properly.  

 

Offensive color, odor, or 
sludge is present  

Unknown or 
uncharacteristic 
substance  

Remove substance and eliminate its 
source. If unsure whether the 
substance is hazardous, either take a 
sample or contact a qualified 
hazardous waste consultant for 
assistance.  

 
Propane, oil, or gasoline odor 
or surface film is present  

Accumulation of 
petroleum products  

Contact a qualified hazardous waste 
consultant for more information.  

 

Grass is taller than 10"  Overgrown vegetation  

Mow grass regularly. Grass should be 
mowed to a height of 4-9" for best 
storm water control. Avoid over-
applying fertilizers. Excessive 
fertilizer application may compound 
water quality problems.  

 
Accumulated sediment 
exceeds 2" in depth  

Sediment buildup on 
grass  

Remove sediment so that no deposits 
remain on the buffer strip. Dispose of 
sediment properly.  

 

Poisonous or noxious 
vegetation that is a potential 
hazard to the public is present  

Poisonous or noxious 
weed infestations  

Remove poisonous or noxious 
vegetation either by digging up or 
hand-pulling the weeds. Seek advice 
from the Kittitas County Noxious 
Week control regarding appropriate 
methods for controlling weeds. Re-
seed to original design specifications.  

 Presence of standing water in 
swale or flow velocity is slow 
and water becomes stagnant  Inadequate swale grade  

Conduct a survey to check grades. 
Swale grades need to be between 2-
4%. If the grades are less than 2%, 
re-grade, and re-seed the swale.  

Side Slopes/bottom 
of Swale  

 

Slope has areas where erosion 
is at least 2" deep and there is 
potential for further erosion  

Soil erosion  

Eliminate causes of erosion, if 
possible. If not possible, use erosion 
and sedimentation control Best 
Management Practices (BMPs) listed 
in the Stormwater Management 
Manual for Eastern Washington.  

 
Swale shows signs of active 
erosion; bottom of swale is 
scoured  

High flow velocity flow 
channelization  

Re-grade and re-seed swale to 
original design specifications. Install a 
rectangular weir to spread out the 
flow, if necessary. Overseed bare 
spots.  

Inlet/outlet Pipe  

 Storm water is not flowing into 
or out of the swale; water is 
puddling near the pipe  

Clogged pipe  

Clean sediment and debris from inlet 
or outlet pipe.  
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O&M - Irrigated Grass Buffer Strips   

Stormwater System 
Feature    

Are any of these conditions 
present?  Problem  Recommendation  

General   Dumped yard wastes or 
nondegradable materials 
(glass, plastic, Styrofoam, 
etc.) are present in pond  

Accumulation of trash and 
debris  

Remove trash and debris and 
dispose of properly.  

 

Offensive color, odor, or 
sludge is present  

Unknown or 
uncharacteristic substance  

Remove substance and eliminate its 
source. If unsure whether the 
substance is hazardous, take a 
sample or contact a qualified 
hazardous waste consultant for 
assistance.  

 

Propane, oil, or gasoline odor 
or surface film is present  

Accumulation of petroleum 
products  

Contact a qualified hazardous waste 
consultant for more information.  

 

Grass is taller than 10"  Overgrown vegetation  

Mow grass regularly. Grass should 
be mowed to a height of 4-9" for best 
storm water control. Avoid over-
applying fertilizers. Excessive 
fertilizer application may compound 
water quality problems.  

 
Accumulated sediment 
exceeds 2" in depth  Sediment buildup on grass  

Remove sediment so that no 
deposits remain on the buffer strip. 
Dispose of sediment properly.  

 

Poisonous or noxious 
vegetation that is a potential 
hazard to the public is 
present  

Poisonous or noxious 
weed infestations  

Remove poisonous or noxious 
vegetation either by digging up or 
hand-pulling the weeds. Seek advice 
from the Kittitas County noxious 
weed control appropriate methods for 
controlling weeds. Re-seed to 
original design specifications.  

 
Buffer strip shows signs of 
active erosion  

High flow velocity flow 
channelization  

Re-grade and re-seed buffer strip to 
original design specifications. 
Overseed bare spots. Provide other 
erosion protection as needed.  
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O&M - Sand Filters   

Stormwater system 
feature   

Are any of these conditions 
present?  Problem  Recommendation  

General   dumped yard wastes or 
nondegradable materials 
(glass, plastic, styrofoam, 
etc.) are present on sand 
filter bed  

accumulation of 
trash and debris  

Remove trash and debris and dispose of 
properly.  

 

offensive color, odor, or 
sludge is present  

unknown or 
uncharacteristic 
substance  

Remove substance and eliminate its source. 
�,�I���\�R�X���G�R�Q�¶�W���N�Q�R�Z���L�I���W�K�H���V�X�E�V�W�D�Q�F�H���L�V��
hazardous, either take a sample or contact a 
qualified hazardous waste consultant for 
more information.  

 propane, oil, or gasoline 
odor or surface film is 
present  

accumulation of 
petroleum products  

Contact a qualified hazardous waste 
consultant for more information.  

 
sediment accumulation 
exceeds 1/2" in depth  

sediment buildup on 
grass layer (if 
applicable)  

Remove sediment so that no deposits 
remain on the grass layer of the sand filter. 
Dispose of sediment properly  

 
concentrated water flow 
occurs over the sand filter  

clogged or 
damaged weir  

Clean or repair weir to that water flow is 
uniform across the sand filter.  

 
grass is taller than 6"; 
weeds begin to invade the 
filter  

overgrown 
vegetation or 
nuisance weeds  

Mow grass regularly. Seek advice from the 
Kittitas County noxious weed control 
regarding methods for controlling weeds.  

 standing water around 
sand filter is present  

clogged or 
damaged pipes  Repair or replace parts as needed.  

 
bare soil beneath the rock 
is visible  

rock pad is missing 
or out of place  

Replace or rebuild the rock pad to design 
specifications.  

 
slope has areas where 
erosion is at least 2" deep 
and there is potential for 
further erosion  

soil erosion  

Eliminate causes of erosion, if possible. If it 
�L�V�Q�¶�W���S�R�V�V�L�E�O�H�����X�V�H���H�U�R�V�L�R�Q���D�Q�G��
sedimentation control best management 
practices (BMPs) listed in the Kittias Storm 
Water BMP Guidebook.  

Sand filter media  

 water drawdown through 
sand filter takes longer 
than 24 hours; waterflow 
bypasses sand filter; or, 
concentrated water flow 
occurs over the sand filter  

clogged sand filter 
media  

Replace the top 6"-12" of sand media. Use a 
flat shovel to remove the sand. May require 
replacement of entire sand filter section. OR 
Replace sand filter media so that the flow 
and percolation of water through and across 
the sand filter is uniform.  

Below ground vault 
(if applicable)  

 sediment accumulation 
exceeds 1/2" in depth on 
sand media section  

excessive sediment  Vactor or shovel out sediment deposits on 
sand filter. Dispose of sediment properly.  

 sediment accumulation 
exceeds 6" in depth in 
vault  

excessive sediment  
Vactor or shovel out sediment deposits in 
the first chamber of the vault and dispose of 
properly.  

 yard wastes or non-
degradable materials 
(glass, plastic, styrofoam, 
etc.) are present in the 
vault.  

accumulation of 
trash and debris  

Remove trash and debris from vault and 
inlet/outlet piping. Dispose of wastes 
properly.  

Inlet/outlet pipe  

 drain pipes become 
clogged with sediment or 
debris  

excessive sediment  

Vactor or shovel out sediment or debris. You 
can also use a high pressure hose to clean 
out sediment or debris. See OM-10, Pipes, 
for more information.  

Underdrain pipe   
pipe is damaged, broken, 
cracked, or corroded  defective pipe  See OM-10, Pipes, for more information.  



 

G:\PROJECTS\2023\23104E\Stormwater Plan\Old Versions\Appendix E.Docx  A- 7 
 
   

 

 
sediment accumulation 
impedes water flow  excessive sediment  

Remove sediment from pipe and dispose of 
properly. Repair or replace pipe to design 
specifications.  

Trash rack  
 debris covers at least 25% 

of the bar screen or bar 
screen is missing  

trash rack is 
plugged or missing  

Replace screen, if necessary. Remove trash 
and debris and dispose of waste properly.  

Cover crop  
 

cover crop appears very 
dry or dead  

cover crop lack 
water  

Irrigate cover crop regularly during dry 
seasons or periods of drought.  
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O&M - Oil/Water Separator   

Stormwater system feature   Are any of these conditions 
present?  

Problem  Recommendation   

Conventional gravity 
separator  

 
discharge water is 
discolored, turbid, or has an 
oil sheen  

excessive sediment 
or oil accumulation  

Check if separator has 
excess sediment or oil 
accumulation. If so, remove 
oil or sediment and dispose 
of properly.  

   
damaged baffle  

Check baffle integrity. If 
damaged, repair or replace 
to design specifications.  

  Contact the design 
engineer to check if the  

 

incorrectly designed  

system is appropriately 
sized for the drainage 
�E�D�V�L�Q�����L�I���L�W���L�V�Q�¶�W�����W�K�H�Q��
upgrade system with an  

  additional or larger 
separator.  

�V�H�G�L�P�H�Q�W���D�F�F�X�P�X�O�D�W�L�R�Q���H�[�F�H�H�G�V�����¶���L�Q���E�R�W�W�R�P���R�I���Y�D�X�O�W�� excessive sediment  
Vactor or shovel out 
sediment. Dispose of 
sediment properly.  

standing water is present 24 hours after storm event  
sediment buildup 
blocks flow through 
separator  

Vactor or shovel out 
sediment. Dispose of 
sediment properly.  

yard wastes or non   
degradable materials (glass, plastic,  accumulation of  Remove trash and debris 

from vault and  
styrofoam, etc.) are present in the  trash and debris  inlet/outlet pipes. Dispose 

of wastes properly.  
vault or inlet/outlet pipes    

 oil accumulation exceeds 1" at water 
surface  

excessive oil 
accumulation  

Vactor or manually remove 
oil from water surface. 
Dispose of waste properly.  

 
pipes broken or damage; cracks in pipe 
are wider than 1/4" at the joint  

damaged inlet/outlet 
pipes  

Replace pipe or repair to 
original design 
specifications.  

 
cover cannot be opened; cover is 
corroded or damaged  

defective access 
cover  

Repair or replace cover to 
original design 
specifications.  

 cracks in vault are wider than 1/2"; soil 
enters the vault through the cracks  structural damage to 

vault  
Replace or rebuild the vault 
to design specifications.  

 
baffles are cracked, warped, or corroded  defective baffles  

Repair or replace baffles to 
original design 
specifications  

Coalescing plate separator  discharge water is discolored, turbid, or 
has an oil sheen  

excessive sediment 
or oil accumulation  

Check if separator has 
excess sediment or oil 
accumulation. If so, remove 
oil or sediment and dispose 
of properly.  

  
damaged coalescing 
plate  

Check coalescing plate 
integrity. If damaged, repair 
or replace to design 
specifications.  

 
�V�H�G�L�P�H�Q�W���D�F�F�X�P�X�O�D�W�L�R�Q���H�[�F�H�H�G�V�����¶���L�Q��
depth in vault  excessive sediment  

Vactor or shovel out 
sediment deposits on vault 
bottom. Dispose of 
sediment properly.  

 yard wastes or non-degradable materials 
(glass, plastic, styrofoam, etc.) are 
present in the vault.  

accumulation of trash 
and debris  

Remove trash and debris 
from vault and inlet/outlet 
piping. Dispose of wastes 
properly.  

 
oil accumulation exceeds 1" at water 
surface  

excessive oil 
accumulation  

Vactor or manually remove 
oil from water surface. 
Dispose of waste properly.  
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pipes are broken or damaged; pipe has 
cracks wider than 1/4" at the joint  

damaged inlet/outlet 
pipe  

Replace or repair pipe to 
original specifications.  

 
standing water is present 24 hours after 
storm event  

sediment buildup 
blocks flow through 
separator  

Vactor or shovel out 
sediment. Dispose of 
sediment properly.  

 
baffles are cracked, warped, or corroded  defective baffles  

Repair or replace baffles to 
original design 
specifications  

 cracks in vault are wider than 1/2"; soil 
enters the vault through the cracks  structural damage to 

vault  

Replace or rebuild the vault 
to design specifications.  
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O&M - Constructed Wetlands   

Stormwater system 
feature   

Are any of these 
conditions present?  Problem  Recommendation  

General   dumped yard wastes or 
nondegradable materials 
(glass, plastic, styrofoam, 
etc.) are present in pond  

accumulation of trash 
and debris  

Remove trash and debris and dispose of 
properly.  

 

offensive color, odor, or 
sludge is present 
propane, oil, or gasoline 
odor or surface film is 
present  

unknown or 
uncharacteristic 
substance 
accumulation of 
petroleum products  

Remove substance and eliminate its 
�V�R�X�U�F�H�����,�I���\�R�X���G�R�Q�¶�W���N�Q�R�Z���L�I���W�K�H���V�X�E�V�W�D�Q�F�H���L�V��
hazardous, either take a sample or contact 
a qualified hazardous waste consultant for 
more information. Contact a qualified 
hazardous waste consultant for more 
information.  

 
wetland vegetation grows 
into areas designated for 
other uses  

overgrown wetland 
vegetation  

Remove any vegetation which has grown 
outside the design boundaries as indiciated 
in the landscape plan. Remove trees and 
bushes that interfere with maintenance 
activities  

 

accumulated sediment 
exceeds the designated 
pond bottom elevation by 
6-12"  

excess sediment 
accumulation  

Clean out sediment to original shape, depth, 
and elevation of the wetland. Dispose of 
sediment properly. If the wetland is 
constructed in jurisdictional "waters of the 
U.S." you must obtain a 404 (dredge and 
fill) permit from the U.S. Army Corps of 
Engineers (Corps). You must also obtain a 
Stream Channel Alteration permit from the 
Washington Department of Ecology Contact 
the Corps and WSDE for more information.  

 
excessive mosquito 
popultation  

mosquitos  

Install predacious bird and bat nesting 
boxes to control insects. Mosquito fish 
(Gambusia) can be used are available 
locally.  

 
excessive debris, 
sediment, or oil buildup  

pretreatment system 
not installed  

Install a pretreatment system upgradient 
from the wetland. The pretreatment system 
should be approved by City of Cle Elum 
Public Works.  

Side slopes/bottom 
of wetland  

 
slope has areas where 
erosion is at least 2" deep 
and there is potential for 
further erosion  

soil erosion  

Eliminate causes of erosion, if possible. If it 
�L�V�Q�¶�W���S�R�V�V�L�E�O�H�����X�V�H���H�U�R�V�L�R�Q���D�Q�G��
sedimentation control best management 
practices (BMPs) listed in the Kittitas 
County Stormwater book. 

Trash rack  
 debris covers at least 

25% of the bar screen or 
bar screen is missing  

trash rack is plugged 
or missing  

Replace screen, if needed. Remove trash 
and debris. Dispose of waste properly.  

Pond dike/berm  
 dike or berm has settled 

4" lower than design 
elevation  

dike/berm settlement  Repair dike/berm to original design 
specifications.  

Inlet/outlet pipe  

 storm water is not flowing 
into or out of the wetland; 
puddles are present near 
the pipe  

clogged pipe  
Clean sediment and debris from inlet or 
outlet pipe. See OM-10 , Pipes, for more 
information.  

Overflow spillway  
 bare soil is visible at top 

of spillway or outside 
slope  

inadequate rock layer  Add enough rock to cover up bare soil.  
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O&M - Catch Basins   

Stormwater System 
Feature   

Are any of these 
conditions present?  Problem  Recommendation  

General   Yard wastes or non-
degradable materials 
(glass, plastic, Styrofoam, 
etc.) are blocking the front 
of the catch basin or grate 
by 10%  

Accumulation of trash 
and debris  

Remove trash and debris from front of 
catch basin opening or grate. Dispose of 
waste properly.  

 Frame has separated 
more than 3/4" from the 
top slab  

Frame separation  Reset frame even with top of slab.  

 
Propane, oil, gasoline 
odor, offensive color or 
odor, or sludge is present  

Accumulation of 
petroleum products or 
unknown or 
uncharacteristic 
substances  

Contact a qualified hazardous waste 
consultant for more information.  

 Top slab has cracks wider 
than 1/4" or holes larger 
than 2"  

Defective top slab  Replace or repair slab to design 
specifications.  

 Corner of frame extends 
more than 3/4" top slab 
past curb face into the 
street  

Structural damage to 
frame or top of slab  

Reset frame even with curb. Replace slab, 
if necessary.  

 Catch basin has cracks 
wider than 1/2" and 
longer than 3"; soil is 
entering the catch basin 
through the cracks  

Defective catch basin  

Replace or repair catch basin to original 
design specifications. You may need to 
contact the design engineer to evaluate the 
structural integrity of the catch basin.  

 Catch basin has settled 
�P�R�U�H���W�K�D�Q���¶���R�U���K�D�V��
moved more than 2" out 
of alignment  

Basin 
settlement/alignment  

Replace or repair catch basin to original 
design specifications. You may need to 
contact the design engineer to evaluate the 
structural integrity of the catch basin.  

 
Grate bars are broken or 
grate is missing  

Grate is damaged or 
missing  

Replace or repair grate to design 
specifications.  

Inlet/outlet pipes   Trash or sediment in the 
inlet/outlet pipe is 
blocking more than 1/3" of 
the diameter of the pipe  

Trash or sediment 
accumulation  

Remove trash and sediment from pipes. 
Dispose of wastes properly.  

 Piping has cracks wider 
than 1/2" and longer than 
���¶���D�W���W�K�H���M�R�L�Q�W�����V�R�L�O���L�V��
entering the catch basin 
through the cracks  

Cracked pipes  Replace or repair pipe to original design 
specifications.  

 
Vegetation is growing in 
inlet/outlet pipe joints  

Overgrown vegetation  Remove vegetation from pipe joints.  
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O&M - Pipes   

Stormwater System 
Feature   

Are any of these 
conditions present?  Problem  Recommendation  

General   

Accumulated sediment or 
trash exceeds 20% of the 
diameter of the pipe  

Excess accumulation 
of sediment or trash  

Clean out sediment and trash from pipe. 
Use a high pressure hose, vacuum suction, 
or other appropriate cleaning method. 
Contact the design engineer for information 
on appropriate cleaning methods for this 
type of drainage system.  

 

Vegetation is impeding 
water flow  Overgrown vegetation  

Clean out sediment and trash from pipe. 
Use a high pressure hose, vacuum suction, 
or other appropriate cleaning method. 
Contact the design engineer for information 
on appropriate cleaning methods for this 
type of drainage system.  

 Pipe is rusted; protected 
coating is damaged  Corroded pipe  Replace or repair pipe to original design 

specifications.  

 Dent in pipe has reduced 
the pipe diameter by 
20%; water flow is 
impeded; pipe is broken  

Defective pipe  Replace or repair pipe to original design 
specifications.  

 
Water is leaking from pipe  Cracked pipe  Replace or repair pipe to original design 

specifications.  
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O&M -  Ditches and Gates   

Stormwater 
System Feature   

Are any of these conditions 
present?  Problem  Recommendation  

Ditches   Dumped yard wastes or 
nondegradable materials 
(glass, plastic, Styrofoam, etc.) 
are present in the ditch  

Accumulation of trash 
and debris  

Remove trash and debris from ditch. 
Dispose of waste properly.  

 Accumulated sediment 
exceeds 20% of the designed 
ditch depth  

Excess sediment 
accumulation  

Clean out sediment to original shape 
and depth of the ditch. Dispose of 
sediment properly.  

 
Vegetation reduces water 
movement through ditch  

Overgrown vegetation  
Remove any weedy shrubs or saplings 
that impede water flow. Preserve grass 
to control erosion.  

 

Slope has areas where erosion 
is at least 2" deep and there is 
a potential for further erosion  

Soil erosion  

Check around inlets and outlets for 
erosion. Eliminate causes of erosion, if 
possible. If it isn't possible, use erosion 
and sedimentation control best 
management practices (BMPs) as listed 
in the Kittitas Storm Water BMP 
Guidebook.  

 
Bare soil is visible beneath the 
rock lining  

Inadequate rock layer  Add enough rock to meet design 
specifications.  

Gates   
Gate or gate parts are missing  

Missing gate or gate 
parts  Replace gate or missing parts  

 
Gate cannot be opened or 
closed  

Missing or defective 
gate hinges  Replace and lube hinges.  

 Gate moved out of vertical 
alignment by more than 6" or 
more than 1' out of design 
alignment  

Misaligned gate  Reset gate to original design 
specifications.  
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Source Control Best Management Practices
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The following text is from the Stormwater Management Manual for Eastern Washington and was 
prepared by the Washington State Department of Ecology. 
 
Note:  Contact the local Air Quality Authority for appropriate and required BMPs for dust control 
to implement at your project site. 
 
Description of Pollutant Sources:   Dust can cause air and water pollution problems, particularly 
in arid areas where reduced rainfall exposes soil particles to transport by air. 
 
Pollutant Control Approach:   Minimize dust generation and apply environmentally friendly and 
government approved dust suppressant chemicals, if necessary. 
 
Applicable Operational BMPs:  
 
�x Sprinkle or wet down soil or dust with water as long as it does not result in a wastewater 

discharge. 
 

�x Apply stormwater containment to prevent the conveyance of stormwater TSS into storm drains 
or receiving waters. 

 
�x The use of motor oil for dust control is prohibited.  Care should be taken when using lignin 

derivatives and other high BOD chemicals in excavations or areas easily accessible to surface 
water or groundwater. 

 
�x Consult with the Washington State Department of Ecology Regional Office in your area for 

discharge permit requirements, if the dust suppression process results in a wastewater 
discharge to the ground, groundwater storm drain, or surface water. 

 
Recommended Additional Operational BMPs for Roadways and Other Trafficked Areas: 
 
�x Consider limiting use of off-road recreational vehicles on dust generating land. 

 
�x Consider paving unpaved permanent roads and other trafficked areas. 

 
�x Consider paving or stabilizing shoulders of paved roads with gravel, vegetation, or local 

government approved chemicals. 
 

�x Encourage use of alternate paved routes, if available. 
 

�x Vacuum or wet sweep fine dirt and skid control materials from paved roads soon after winter 
weather ends or when needed. 
 

�x Consider using traction sand that is pre-washed to reduce dust emissions. 
 
Additional Recommended Operational BMPs for Dust Generating Areas: 
 
�x �3�U�H�S�D�U�H�� �D�� �G�X�V�W�� �F�R�Q�W�U�R�O�� �S�O�D�Q���� �� �+�H�O�S�I�X�O�� �U�H�I�H�U�H�Q�F�H�V�� �L�Q�F�O�X�G�H���� �� �³�&�R�Q�W�U�R�O�� �R�I�� �2�S�H�Q�� �)�X�J�L�W�L�Y�H�� �'�X�V�W��

�6�R�X�U�F�H�V�´�� ���(�3�$-450/3-88-������������ �D�Q�G�� �³�)�X�J�L�W�L�Y�H�� �'�X�V�W�� �%�D�F�N�J�U�R�X�Q�G�� �'�R�F�X�P�H�Q�W�� �D�Q�G�� �7�H�F�K�Q�L�F�D�O��
�,�Q�I�R�U�P�D�W�L�R�Q���'�R�F�X�P�H�Q�W���I�R�U���%�H�V�W���$�Y�D�L�O�D�E�O�H���&�R�Q�W�U�R�O���0�H�D�V�X�U�H�V�´�����(�3�$-450/2-92-004). 
 

�x Limit exposure of soil (dust source) as much as feasible. 
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�x Stabilize dust-generating soil by growing and maintaining vegetation mulching, topsoiling, 
and/or applying stone, sand, or gravel. 

 
�x Apply windbreaks in the soil, such as trees, board fences, tarp curtains, bales of hay, etc. 

 
�x Cover dust-generating piles with wind-impervious fabric or equivalent material. 
 
BMPs for Illicit Connections to Storm Drains 
 
Description of Pollutant Sources :  Illicit connections are unpermitted sanitary or process 
wastewater discharges to a storm drain or to surface water rather than to a sanitary sewer, 
industrial process wastewater or other appropriate treatment.  They can also include swimming 
pool water, filter backwash, cleaning solutions/wash waters, cooling water, etc.  Experience has 
shown that illicit connections are common, particularly in older buildings. 
 
Pollutant Control Approach:  Identify and eliminate unpermitted discharges. 
 
Applicable Operational BMPs:  
 
�x Eliminate unpermitted wastewater discharges to storm drains, groundwater, or surface water. 

 
�x Convey unpermitted discharges to a sanitary sewer if allowed by the local jurisdiction, or to 

other approved treatment. 
 
BMPs for Landscaping and Lawn/Vegetation Management 
 
Description of Pollutant Sources:  Landscaping can include grading, soil transfer, vegetation 
removal, pesticide and fertilizer applications, and watering.  Stormwater contaminants include 
toxic organic compounds, heavy metals, oils, total suspended solids, coliform bacteria, fertilizers, 
and pesticides. 
 
Lawn and vegetation management can include control of objectionable weeds, insects, mold, 
bacteria and other pests with chemical pesticides and is conducted commercially at commercial, 
industrial, and residential sites.  Examples include weed control on golf course lawns, access 
roads, utility corridors, and during landscaping; sap stain and insect control on fungicide 
application to patio decks, and residential lawn/plant care.  Toxic pesticides such as 
pentachlorophenol, carbamates, and organometallics can be released to the environment by 
leaching and dripping from treated parts, container leaks, product misuse, and outside storage of 
pesticide contaminated materials and equipment.  Poor management of the vegetation and poor 
application of pesticides or fertilizers can cause appreciable stormwater contamination. 
 
Pollutant Control Approach:  Control fertilizer and pesticide applications, soil erosion, and site 
debris to prevent contamination of stormwater.  Develop and implement an Integrated Pest 
Management Plan (IPM) and use pesticides only as a last resort.  If pesticides/herbicides are 
used, they must be carefully applied in accordance with label instructions on U.S. Environmental 
Protection Agency (EPA) registered materials.  Maintain appropriate vegetation, with proper 
fertilizer application where practicable, to control erosion and the discharge of stormwater 
pollutants.  Where practicable, grow plant species appropriate for the site, or adjust the soil 
properties of the subject site to grow desired plant species. 
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Applicable Operational BMPs for Landscaping: 
 
�x Install engineered soil/landscape systems to improve the infiltration and regulation of 

stormwater in landscaped areas. 
 

�x Do not dispose of collected vegetation into waterways or storm drainage systems. 
 
Recommended Additional Operational BMPs for Landscaping: 
 
�x Conduct mulch-mowing whenever practicable. 

 
�x Dispose of grass clippings, leaves, sticks, or other collected vegetation, by composting, if 

feasible. 
 

�x Use mulch or other erosion control measures when soils are exposed for more than one week. 
 

�x If oil or other chemicals are handled, store and maintain appropriate oil and chemical spill 
cleanup materials in readily accessible locations.  Ensure [the responsible parties] are familiar 
with proper spill cleanup procedures. 
 

�x Till fertilizers into the soil rather than dumping or broadcasting onto the surface.  Determine 
the proper fertilizer application for the types of soil and vegetation encountered. 
 

�x Till a topsoil mix or composed organic materials into the soil to create a well-mixed transition 
layer that encourages deeper root systems and drought-resistant plants. 

 
�x Use manual and/or mechanical methods of vegetation removal rather than applying 

herbicides, where practical. 
 

�x Develop and implement and IPM and use pesticides only as a last resort. 
 

�x Implement a pesticide-use plan and include at a minimum: a list of selected pesticides and 
their specific uses; brands, formulations, application methods and quantities to be used; 
equipment use and maintenance procedures; safety, storage, and disposal methods; and 
monitoring, record keeping and public notice procedures.  All procedures shall conform to the 
requirements of Chapter 17.21 RCW and Chapter 16-228 WAC. 
 

�x Choose the least toxic pesticide available that is capable of reducing the infestation to 
acceptable levels.  The pesticide should readily degrade in the environment and/or have 
properties that strongly bind to the soil.  Any pest control used should be conducted at the life 
stage when the pest is most vulnerable.  For example, if it is necessary to use a Bacillus 
thuringiens application to control tent caterpillars, it must be applied before the caterpillars 
cocoon or it will be ineffective.  Any method used should be site-specific and not used 
wholesale over a wide area. 

 
�x Apply the pesticide according to label directions.  Under no conditions shall pesticides be 

�D�S�S�O�L�H�G���L�Q���T�X�D�Q�W�L�W�L�H�V���W�K�D�W���H�[�F�H�H�G���P�D�Q�X�I�D�F�W�X�U�H�U�¶�V���L�Q�V�W�U�X�F�W�L�R�Q�V�� 
 

�x Mix the pesticides and clean the application equipment in an area where accidental spills will 
not enter surface or ground waters, and will not contaminate the soil. 

 
�x Store pesticides in enclosed areas or in covered impervious containment.  Ensure that 

pesticide contaminated stormwater or spills/leaks of pesticides are not discharged to storm 
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drains.  Do not hose down the paved areas to a storm drain or conveyance ditch.  Store and 
maintain appropriate spill cleanup materials in a location known to all near the storage area. 

 
�x Clean up any spilled pesticides and ensure that the pesticide contaminated waste materials 

are kept in designated covered and contained areas. 
 

�x The pesticide application equipment must be capable of immediate shutoff in the event of an 
emergency. 
 

�x Do not spray non-permitted pesticides within 100 feet of open waters including wetlands, 
ponds, and streams, soughs and any drainage ditch or channel that leads to open water 
except when approved by Washington State Department of Ecology or the local jurisdiction.  
All sensitive areas including wells, creeks, and wetlands must be flagged prior to spraying. 

 
�x As required by the local government or by Washington State Department of Ecology, complete 

public posting of the area to be sprayed prior to the application. 
 

�x Spray applications should only be conducted during weather conditions as specified in the 
label direction and applicable local and state regulations.  Do not apply during rain or 
immediately before expected rain. 

 
Recommended Additional Operational BMPs for the use of pesticides: 
 
�x Consider alternatives to the use of pesticides such as covering or harvesting weeds, substitute 

vegetative growth, and manual weed control/moss removal. 
 

�x Consider the use of soil amendments, such as compost, that are known to control some 
common diseases in plants, such as Pythium root rot, ashy stemp blight, and parasitic 
nematodes.  The following are three possible mechanisms for disease control by compost 
addition (USEPA Publication 530-F-0-044): 

 
1. Successful competition for nutrients by antibiotic production; 

 
2. Successful predation against pathogens by beneficial microorganism; and 

 
3. Activation of disease-resistant genes in plants by composts. 

 
Installing an amended soil/landscape system can preserve both the plant system and the soil 
system more effectively.  This type of approach provides a soil/landscape system with adequate 
depth, permeability, and organic matter to sustain itself and to continue working as an effective 
stormwater infiltration system and a sustainable nutrient cycle. 
 
�x Once a pesticide is applied, its effectiveness should be evaluated for possible improvement.  

Records should be kept showing the applicability and inapplicability of the pesticides 
considered. 
 

�x An annual evaluation procedure should be developed including a review of the effectiveness 
of pesticide applications, impact on buffers and sensitive areas (including potable wells), 
public concerns, and recent toxicological information on pesticides used/proposed for use.  If 
individual or public potable wells are located in the proximity of commercial pesticide 
applications, contact the regional Washington State Department of Ecology hydrogeologist to 
determine if additional pesticide application control measures are necessary. 
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�x Rinseate from equipment cleaning and/or triple-rinsing of pesticide containers should be used 
as product or recycled into product. 
 

�x The application equipment used should be capable of immediate shutoff in the event of an 
emergency. 

 
For more information, contact the WSU Extension Home-Assist Program, (253) 445-4556, or Bio-
Integral Resource Center (BIRC), P.O. Box 7414, Berkeley, CA, 94707, or the Washington 
�'�H�S�D�U�W�P�H�Q�W���R�I���(�F�R�O�R�J�\���W�R���R�E�W�D�L�Q���³�+�D�]�D�U�G�R�X�V���:�D�V�W�H���3�H�V�W�L�F�L�G�H�V�´�����3�X�E�O�L�F�D�W�L�R�Q��������-41); and/or EPA 
�W�R���R�E�W�D�L�Q���D���S�X�E�O�L�F�D�W�L�R�Q���H�Q�W�L�W�O�H�G���³�6�X�V�S�H�Q�G�H�G���� �&�D�Q�F�H�O�H�G���D�Q�G���5�H�V�W�U�L�F�W�H�G���3�H�V�W�L�F�L�G�H�V�´�� �Z�K�L�F�K���O�L�V�W�V���D�O�O��
restricted pesticides and the specific uses allowed.  Valuable information from these sources may 
also be available on the internet. 
 
Applicable Operational BMPs for Vegetation Management:  
 
�x Use at least an 8-inch topsoil layer with at least eight percent organic matter to provide a 

sufficient vegetation-growing medium.  Amending existing landscapes and turf systems by 
increasing the percent organic matter and depth of topsoil can substantially improve the 
permeability of the soil, the disease and drought resistance of the vegetation, and reduce 
fertilizer demand.  This reduces the demand for fertilizers, herbicides, and pesticides.  Organic 
matter is the least water-soluble form of nutrients that can be added to the soil.  Composted 
organic matter generally releases only between two and ten percent of its total nitrogen each 
year, and this release corresponds closely to the plant growth cycles.  If natural plant debris 
and mulch are returned to the soil, this system can continue recycling nutrients indefinitely. 
 

�x Select the appropriate turf grass mixture for your climate and soil type.  Certain tall fescues 
and rye grasses resist insect attack, because the symbiotic endophytic fungi found naturally 
in their tissues repel or kill common leaf and stem-eating lawn insects.  They do not, however, 
repel root-feeding lawn pests such as Crane Fly larvae, and are toxic to ruminants such as 
cattle and sheep.  The fungus causes no known adverse effects to the host plant or to humans.  
Endophytic grasses are commercially available and can be used in areas such as parks or 
golf courses where grazing does not occur.  The local Cooperative Extension office can offer 
advice on which types of grass are best suited to the area and soil type. 

 
�x Use the appropriate seeding and planting BMPs in Chapter 7, or equivalent BMPs, to obtain 

information on grass mixtures, temporary and permanent seeding procedures, maintenance 
of recently planted area, and fertilizer application rates. 

 
�x Selection of desired plant species can be made by adjusting the soil properties of the subject 

site.  For example, a constructed wetland can be designed to resist the invasion of reed canary 
grass by layering specific strata of organic matters (e.g., compost forest product residuals), 
and creating a mildly acidic pH and carbon-rich soil medium.  Consult a soil restoration 
specialist for site-specific conditions. 

 
�x Aerate lawns regularly in areas of heavy use where the soil tends to become compacted.  

Aeration should be conducted while the grasses in the lawn are growing most vigorously.  
Remove layers of thatch greater than ¾-inch deep. 

 
�x Mowing is a stress-creating activity for turf grass.  When grass is mowed too short its 

productivity is decreased and there is less growth of roots and rhizomes.  The turf becomes 
less tolerant of environmental stresses, more disease prone, and more reliant on outside 
means, such as pesticides, fertilizers, and irrigation to remain healthy.  Set the mowing height 
at the highest acceptable level and mow at times and intervals designed to minimize stress 
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on the turf.  Generally, mowing only 1/3 of the grass blade height will prevent stressing the 
turf. 

 
Irrigation:  
 
�x The depth from which a plant normally extracts water depends on the rooting depth of the 

plant.  Appropriately irrigated lawn grasses normally root in the top six to twelve inches of soil; 
lawns irrigated on a daily basis often root only in the top one inch of soil.  Improper irrigation 
can encourage pest problems, leach nutrients, and make a lawn completely dependent on 
artificial watering.  The amount of water applied depends on the normal rooting depth of the 
turf grass species used, the available water holding capacity of the soil, and the efficiency of 
the irrigation system.  Consult with the local water utility, Conservation District, or Cooperative 
Extension office to help determine optimum irrigation practices. 

 
Fertilizer Management:  
 
�x Turf grass is most responsive to nitrogen fertilization, followed by potassium and phosphorus.  

Fertilization needs vary by site depending on plant, soil and climatic conditions.  Evaluation of 
soil nutrient levels through regular testing ensures the best possible efficiency and economy 
of fertilization.  For details on soils testing, contact the local Conservation District or 
Cooperative Extension Service. 
 

�x Fertilizers should be applied in amounts appropriate for the target vegetation and at the time 
of year that minimizes losses to surface and groundwaters.  Do not fertilize during a drought 
or when the soil is dry.  Alternatively, do not apply fertilizers within three days prior to predicted 
rainfall.  The longer the period between fertilizer application and either rainfall or irrigation, the 
less fertilizer runoff occurs. 

 
�x Use slow release fertilizers such as methylene urea, IDBU, or resin coated fertilizers, when 

appropriate, generally in the spring.  Use of slow release fertilizers is especially important in 
areas with sandy or gravelly soils. 
 

�x Time the fertilizer application to periods of maximum plant uptake.  Generally, fall and spring 
applications are recommended. 

 
�x Properly trained persons should apply all fertilizers.  At commercial and industrial facilities, 

fertilizers should not be applied to grass swales, filter strips, or buffer areas that drain to 
sensitive water bodies unless approved by the local jurisdiction. 

 
Integrated Pest Management: 
 
An IPM program might consist of the following steps: 
 
 Step 1:   Correctly identify problem pests and understand their life cycle. 
 Step 2:   Establish tolerance thresholds for pests. 
 Step 3:   Monitor to detect and prevent pest problems. 

 Step 4:   Modify the maintenance program to promote healthy plants and discourage 
pests. 

 Step 5: Use cultural, physical, mechanical, or biological controls first when pests exceed 
the tolerance thresholds. 

 Step 6: Evaluate and record the effectiveness of the control, and modify maintenance 
practices to support lawn or landscape recovery and prevent recurrence. 
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BMPs for Maintenance of Public and Private Utility Corridors and Facilities 
 
Description of Pollutant Sources:  Passageways at sewer pipelines, water pipelines, electrical 
power transmission corridors and rights-of-way can be sources of pollutants, such as herbicides 
used for vegetation management, and eroded soil particles from unpaved access roads.  The 
following are potential pollutants:  oil and grease, TSS, BOD, organics, PCB, pesticides, and 
heavy metals. 
 
Pollutant Control Approach:  Control of fertilizer and pesticide applications, soil erosion, and 
site debris that can contaminate stormwater. 
 
Applicable Operational BMPs: 
 
�x Implement BMPs for landscaping and lawn/vegetation management. 
 
�x Within utility corridors, consider preparing maintenance procedures and an implementation 

schedule that provides for a vegetative, gravel, or equivalent cover that minimizes bare or 
thinly vegetated ground surfaces within the corridor, to prevent the erosion of soil. 

 
�x Provide maintenance practices to prevent stormwater from accumulating and drainage across 

and/or onto roadways.  Stormwater should be conveyed through roadside ditches and 
culverts.  The road should be crowned, outsloped, water barred or otherwise left in a condition 
not conducive to erosion.  Appropriately maintaining grassy roadside ditches discharging to 
surface waters is an effective way of removing some pollutants associated with sediments 
carried by stormwater. 

 
�x Maintain ditches and culverts at an appropriate frequency to ensure that plugging and flooding 

across the roadbed, with resulting overflow erosion, does not occur. 
 

BMPs for Maintenance of Roadside Ditches 
 
Description of Pollutant Sources:  Common road debris, including eroded soil, oils, vegetative 
particles, and heavy metals, can be a source of stormwater pollutants. 
 
Pollutant Control Approach:  Roadside ditches should be maintained to preserve the condition 
and capacity for which they were originally constructed, and to minimize bare or thinly vegetated 
ground surfaces.  Maintenance practices should provide for erosion and sediment control.  (Refer 
to BMP Landscaping and Lawn/Vegetation Management). 
 
Applicable Operational BMPs:  
 
�x Inspect roadside ditches regularly, as needed, to identify sediment accumulations and 

localized erosion. 
 
�x Clean ditches on a regular basis, as needed.  Ditches should be kept free of [trash] and debris. 

 
�x In situations where appropriate, vegetation in ditches often prevents erosion and cleanses 

runoff waters.  Remove vegetation only when flow is blocked or excess sediments have 
accumulated.  Conduct ditch maintenance (seeding, fertilizer application, harvesting) in late 
spring and/or early fall, when possible.  This allows vegetative cover to be re-established by 
the next wet season, thereby minimizing erosion of the ditch as well as making the ditch 
effective as a biofilter. 
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�x In the area between the edge of the pavement and the bottom of the ditch, commonly known 
�D�V�� �W�K�H�� �³�E�D�U�H�� �H�D�U�W�K�� �]�R�Q�H���´�� �X�V�H�� �J�U�D�V�V�� �Y�H�J�H�W�D�W�L�R�Q���� �Z�K�H�U�H�Y�H�U�� �S�R�V�V�L�E�O�H���� �� �9�H�J�H�W�D�W�L�R�Q�� �V�K�R�X�O�G�� �E�H��
established from the edge of the pavement, if possible, or at least from the top of the slope of 
the ditch. 
 

�x Diversion ditches on top of cut slopes that are constructed to prevent slope erosion by 
intercepting surface drainage must be maintained to retain their diversion shape and 
capability. 

 
�x Ditch cleanings are not to be left on the roadway surfaces.  Sweep dirt and debris remaining 

on the pavement at the completion of ditch cleaning operations. 
 

�x Roadside ditch cleanings, not contaminated by spills or other releases and not associated 
with a stormwater treatment system, such as a bioswale, may be screened to remove litter 
and separated into soil and vegetative matter (leaves, grass, needles, braches, etc.).  The soil 
�I�U�D�F�W�L�R�Q�� �P�D�\�� �E�H�� �K�D�Q�G�O�H�G�� �D�V�� �³�F�O�H�D�Q�� �V�R�L�O�V�´�� �D�Q�G�� �W�K�H�� �Y�H�J�H�W�D�W�L�Y�H�� �P�D�W�W�H�U�� �F�D�Q�� �E�H���F�R�P�S�R�V�W�H�G�� �R�U��
disposed of in a municipal waste landfill. 

 
�x Roadside ditch cleanings contaminated by spills or other releases known, or suspected, to 

contain dangerous waste must be handled following the Dangerous Waste Regulations 
(Chapter 173-303 WAC), unless testing determines it is not dangerous waste. 

 
�x Examine culverts on a regular basis for scour or sedimentation at the inlet and outlet and 

repair, as necessary.  Give priority to those culverts conveying perennial and/or salmon-
bearing streams and culverts near streams in areas of high sediment load, such as those near 
subdivisions during construction. 

 
BMPs for Maintenance of Stormwater Drainage and Treatment Systems  
 
Description of Pollutant Sources:  Facilities include roadside catch basins on arterials and 
within residential areas, conveyance systems, detention facilities, such as ponds and vaults, oil 
and water separators, biofilters, settling basins, infiltration systems, and all other types of 
stormwater treatment systems presented in Chapter 5.  Roadside catch basins can remove 5 to 
15 percent of the pollutants present in stormwater.  When catch basins are approximately 60 
percent full of sediment, they cease removing sediments.  Oil and grease, hydrocarbons, debris, 
heavy metals, sediments, and contaminated water are found in catch basins, oil and water 
separators, settling basins, etc. 
 
Pollutant Control Approach:  Provide maintenance and cleaning of debris, sediments, and oil 
from stormwater collection, conveyance, and treatment systems to obtain proper operation. 
 
Applicable Operational BMPs:  Maintain stormwater treatment facilities according to the 
operation and maintenance (O&M) procedures presented in this manual in addition to the 
following BMPs: 
 
�x Inspect and clean treatment BMPs, conveyance systems, as needed, and determine whether 

improvements in O&M are needed. 
 
�x Promptly repair any deterioration threatening the structural integrity of the facilities.  This 

includes replacement of check dams and rock in drainage ways. 
 

�x Ensure that storm sewer capacities are not exceeded and that heavy sediment discharges to 
the sewer system are prevented. 
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�x Regularly remove debris and sludge from BMPs used for peak rate control, treatment, etc., 

and discharge to a sanitary sewer, if approved by the local jurisdiction, or truck to a local or 
state government approved disposal site. 
 

�x �3�R�V�W�� �Z�D�U�Q�L�Q�J�� �V�L�J�Q�V���� �³�'�X�P�S�� �1�R�� �:�D�V�W�H�� �± �'�U�D�L�Q�V�� �W�R�� �*�U�R�X�Q�G�Z�D�W�H�U���´�� �³�6�W�U�H�D�P�V���´�� �³�/�D�N�H�V���´�� �R�U��
emboss on or adjacent to all storm drain inlets where practical. 

 
Additional Applicable BMPs:  Select additional applicable BMPs from this chapter depending 
on the pollutant sources and activities conducted at the facility.  Those BMPs include: 
 
�x BMPs for Storage of Liquid, Food Waste, or Dangerous Waste Containers. 
 
�x BMPs for Illicit Connections to Storm Drains. 
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