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Executive Summary 
Plan Overview 
Regular system planning for water utilities is important to facilitate appropriate decisions and 
management for system resources, infrastructure, assets, staff, and services. This Water System Plan 
seeks to provide utility system analysis and planning consistent with the Town of Friday Harbor 
Comprehensive Plan, the state Growth Management Act, and the federal Safe Drinking Water Act to help 
maintain: 

 Water supply and availability in sufficient quantities to meet anticipated community needs 

 Responsible and efficient use of water to promote appropriate stewardship of limited natural 
resources 

 Water quality treatment and monitoring as required to provide safe and healthy water supplies 
above and beyond minimum Washington State Department of Health and U.S. Environmental 
Protection Agency requirements 

 Water delivery and availability consistent with level-of-service requirements in terms of pressure, 
reliability, and fire suppression needs 

 Efficient management of utility assets and staff 

 Proactive planning for anticipated future system infrastructure needs 

 Efficient/stable utility financial operations 

Under Section 246-290-100 of the Washington Administrative Code, the Washington State Department 
of Health requires all water systems to complete updated water system planning documents every 6 
years. Water system plans are to be structured to: 

 Demonstrate the system’s operational, technical, managerial, and financial capability to achieve and 
maintain compliance with relevant local, state, and federal plans and regulations 

 Demonstrate how the system will address present and future needs in a manner consistent with 
other relevant plans and local, state, and federal laws, including applicable land use plans 

 Establish eligibility for external funding support for needed system and operational improvements 

This Water System Plan is intended to meet these requirements, and provide a forward-looking vision for 
the Town of Friday Harbor water system based on near-term and longer-term planning horizons projected 
6 and 20 years into the future. While the plan does not commit the Town of Friday Harbor to any 
particular actions, it does provide a planning-level overview of the Town’s vision to effectively manage 
water utility needs going forward. Plan content is generally divided into nine core sections, as 
summarized below: 
 Section 1: Water System Description 

 Ownership, management, and background 

 Existing facilities 

 Related plans and documents 

 Service areas, characteristics, agreements, and policies 
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 Section 2: Basic Planning Data and Water Demand Forecasting 

 Past population and water use 

 Projected populations and future water use 
 Section 3: System Analysis 

 Level of service, design, and operational standards 

 Water supply 

 Water quality and treatment 

 Water storage 

 Water transmission and distribution 

 Overall system capacity, issues, and needs 

 Section 4: Water Use Efficiency, Water Rights, and System Reliability 
 Section 5: Source Water and Watershed Protection 

 Section 6: Operations and Maintenance Program 

 Section 7: System Design and Construction Standards 
 Section 8: Improvement Program 

 Section 9: Financial Program 

Planning Conclusions and Summary 
The Water System Plan includes the following key findings and assumptions: 
 Water system population growth is anticipated to continue to grow at an overall average rate of 

1.7 percent annually, consistent with the Town Comprehensive Plan. 

 Typical system water use in recent years has trended between an annual average rate of 110 to 
130 gallons per day per typical single-family residential household. 

 System leakage and lost water in recent years has trended between a high of over 13 percent of 
total water supplied, to a low of just under 6 percent in recent years. 

 Continued upward pressure on system water demands can be expected as a result of anticipated 
growth, while some downward pressure on water demands can be expected relative to increasing 
water conservation and water loss prevention ethics. 

 Existing water treatment facilities, including the recently completed granular activated carbon 
treatment system addition, are effective at maintaining a safe and healthy water supply consistent 
with relevant state and federal water quality requirements. 

Overall, the Water System Plan concludes that the capacity and performance of the Town water system 
appear to be generally good, but some developing system improvement needs are identified: 
 Anticipated long-term growth in water system demands continues to have the potential to approach 

the annual sustainable capacity limits of the Town’s existing Trout Lake and associated water supply 
sources. Supply expansion and/or increased future water conservation may be needed within the 
next 15 to 20 years to meet projected water supply needs. Long-term water supply needs should be 
reassessed in the next 6-year Water System Plan update. 

 Water quality and treatment performance is good and appears sufficient to comply with existing and 
anticipated water quality regulatory requirements. Some treatment system components have been 
in place since the 1990s, and long-term system growth continues to have the potential to approach 
the treatment system capacity of certain treatment processes. Efforts to evaluate the condition, 
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maintenance, and remaining useful life of treatment system components should be completed in 
parallel with the next 6-year Water System Plan update, or sooner, and recommendations to 
upgrade, refresh, or replace treatment system components as appropriate should be developed. 

 Overall water system storage capacity appears to be adequate through the 20-year planning horizon 
of this Water System Plan. However, the Hillview Terrace service areas could benefit from additional 
storage tank capacity, and a new water storage tank is planned to meet this need. 

 Overall water pipeline and pumping capacity appears to be generally adequate, although there are 
some areas where water system pressures are high and where system improvements could be 
explored to reduce pressures to more appropriate levels. Additionally, the water supply pipelines that 
deliver water from the Trout Lake supply sources to the water treatment plant, and into the Town, 
may be approaching the end of their useful service life or be at high risk for failure during seismic or 
tree fall events. The Town is currently pursuing funding assistance to replace and upgrade these 
pipelines. Miscellaneous other system piping improvements have also been identified as needed to 
improve system pressures and fire flow availability in some areas. 

The system improvements and efforts identified as needed for the Town water system for the near-term 
6-year planning horizon are summarized in Section 8. Funding implications for water system operations 
and improvement needs are summarized in Section 9. 
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Section 1 

Water System Description 
The Town of Friday Harbor (Town), recognizing the importance of establishing a uniform process to 
identify present and future water system needs and a means to meet those needs in an efficient and 
cost-effective manner, has prepared this Water System Plan (WSP). The objective of this section is to 
provide basic information about the Town water system, including information concerning ownership and 
management; history; neighboring water systems; regulatory environment; an inventory of existing 
facilities; and service area agreements, characteristics, and policies. 

1.1 Ownership and Management 
The Town owns and operates a municipal water system that serves both the Town and portions of 
unincorporated San Juan County. The system is classified by the State of Washington as a Group A 
Community public water system. The Washington State Department of Health (WSDOH) water system 
identification number is 26595 and is listed on the WSDOH sentry database as “Friday Harbor, Town of.” 
A copy of the Water Facilities Inventory (WFI) form for the system is included in Appendix A. 

Friday Harbor is governed by a Mayor/Council non-partisan form of government. Voters elect the mayor 
and five council members to 4-year terms. All represent the community at large rather than individual 
districts or areas within the Town. 

The Town mailing address and general contact information is as follows: 

 

Town of Friday Harbor 
60 Second Avenue 
P.O. Box 219 
Friday Harbor, Washington 98205 
Phone: 360-378-2810 
Fax: 360-378-5339 

 

The primary contact for the Town water system is the Public Works Director, 360-378-2154. 

The Public Works Director and water department staff manage the day-to-day operation of the water 
system. The Public Works Director, Town Administrator, Finance Officer, and Town Council work together 
to set water system policies and manage water system finances. Table 1-1 shows the positions that are 
currently involved in the management and operation of the water system. 
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Table 1-1. Water System Staff Certifications 

Position Certifications and licensure 

Public Works Director 
Washington State Licensed Professional Engineer  

(Civil and Mechanical Engineering) 

Water Department Leadman 

WTPO 2 

WDM 2 

WDS 

CCCS 

Water Treatment Plant Operator WTPO 1 

Water Treatment Plant Operator 
WTPO 1 

WDM 1 

Water Treatment Plant Operator 

WTPO 2 

CCCS 

BAT 

WTPO = Water Treatment Plant Operator 

WDM = Water Distribution Manager 

WDS = Water Distribution Specialist 

CCCS = Cross-Connection Control Specialist 

BAT = Backflow Assembly Tester 

 

1.2 System Background 
Friday Harbor is located on San Juan Island in San Juan County, Washington. Figure 1-1 shows the 
location of the town among the islands that make up San Juan County. Figure 1-2 shows the Town 
boundaries and the Friday Harbor Urban Growth Area (FHUGA), as established by the Town 
Comprehensive Plan for Growth Management. 
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Figure 1-1. San Juan County and Friday Harbor vicinity map 
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Figure 1-2. Town boundaries and Urban Growth Areas 

 

1.2.1 Water System Development and Growth History 

Friday Harbor has been a commercial, social, and cultural hub for the San Juan Islands since the 1890s. 
Friday Harbor was incorporated in 1909 and became the county seat. By 1909, Friday Harbor was a 
busy seaport with a commercial center, and a population approaching four hundred. Friday Harbor’s 
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economy was driven by San Juan County mining and agriculture, which shipped products (e.g., apples, 
pears, cherries, peas, cream, eggs, poultry, grain, salmon, timber, and lime) to domestic and foreign 
markets from the Friday Harbor waterfront. 

By 1912, it was feared that the economic development and growth of the Town would outpace available 
water supplies. Soon after, the Town constructed a dam at Trout Lake and a wooden pipeline to 
transport water into town by gravity flow through Beaverton Valley. The concrete dam and spillway, with a 
screened outlet pipe at its southeastern abutment, were originally built in 1928. In the early 1950s, a 
new asbestos cement (AC) main transmission line was installed along San Juan Valley Road to replace 
the wooden pipeline. In 1958, the system was again upgraded and the Trout Lake dam was raised 
11 feet to its present height. 

In 1979, the Town acquired additional surface water rights through the Lake 310 Augmentation 
Project 1 (AUG 1). The AUG 1 project included construction of a dam and spillway near the southeast 
end of Lake 310 to collect surface drainage from its 190-acre watershed. The AUG 1 pump station and 
pipeline convey AUG 1 water supply into Trout Lake Creek, which then flows into Trout Lake. 

In 1988, the Town again acquired additional surface water rights and constructed a second 
augmentation project (AUG 2), consisting of a stream diversion, a pumping station, and an additional 
water supply main. The pump station and diversion structure are located approximately a quarter mile 
northeast of the Town’s water treatment plant (WTP). Water was originally diverted from the stream and 
pumped to the water treatment plant; however, water pumped directly from the AUG 2 supply proved to 
be challenging from a water treatment perspective, and limited the effective use of AUG 2. In 1994, the 
pump station was improved and a new main was constructed to allow pumping of water from the AUG 2 
supply directly into Trout Lake for storage and settling. 

Friday Harbor population grew at a 0.9 percent average annual rate from 2000–10, less than rates seen 
in previous decades. According to census results, the town population in 2010 was 2,162. Estimated 
population in 2011 according to Washington State Office of Financial Management (OFM) records 
totaled 2,180. The Town water system also provides water service to individual customers outside the 
Town limits in unincorporated San Juan County. The county population grew at a rate of 1.1 percent from 
2000–10. Altogether, the Town provided water service to an estimated population of 3,190 in 2011. The 
Town has adopted a future growth rate of 1.7 percent for comprehensive planning purposes. 

1.2.2 Geography and Topography 

The coastline around Friday Harbor is generally steep and rocky, with the immediate shoreline generally 
varying from sea level up to around 100 feet in elevation. The geology consists of the Roche Rock 
formation overlain with various types of gravelly silty loams and gravelly sandy loams. Ground surface 
elevations in the town generally range from 10 to 200 feet above sea level. The shoreline is 
characterized by narrow beaches, with steep slopes between the beach and upland terrain. Progressing 
inland from town, the land rises gently to Trout Lake, about 5 miles from the town center. The upland 
terrain can be described as gently rolling with valleys. 

1.2.3 Climate 

The climate of the San Juan Islands is influenced by the Olympic Mountains and Vancouver Island, 
situated southwest and west-northwest of the San Juan Islands, which create a “rain shadow” effect 
producing less rainfall in the San Juan Islands than is typical for northern Puget Sound. The average 
annual precipitation for Friday Harbor between 1995 and 2008 was 28.02 inches. Winds can also have 
a drying effect, pulling moisture from vegetation and surface water, and heightening the impact of low 
rainfall periods. 
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The maritime air surrounding the islands moderates the climate. Summers are relatively short, cool, and 
dry, and winters are mild and moderately dry compared to other areas of northern Puget Sound. The 
average high temperature in July is 70 degrees Fahrenheit (°F), and the average low in January is 34°F. 
Winter temperatures are usually mild, except when cold, arctic air funnels down the Fraser River Valley 
from Canada and drastically lowers temperatures. 

1.2.4 Geology and Hydrology 

The geology of the San Juan Islands is typified by two distinct types of geologic landforms. The first 
consists of bedrock domes thinly covered with late Quaternary (glacial) sediments commonly found on 
San Juan and Shaw Islands. The second type, common on Lopez, Waldron, and Decatur Islands, is 
composed of bedrock buried beneath sediments more than 300 feet thick in places. However, neither 
formation is exclusive to any single island. Portions of Orcas, Lopez, and Waldron have surface 
exposures of bedrock, and parts of Orcas and San Juan have thick glacial deposits. 

Groundwater is stored in the fractures and joints of this variegated assortment of bedrock. The 
complexity mentioned above makes it difficult to predict the capacity and extent of groundwater 
resources. However, due to the structural complexity and accretionary nature of the local bedrock, there 
are no pathways along which groundwater could travel from the mainland. 

1.2.5 Neighboring/Adjacent Purveyors 

Both surface water and groundwater supplies tend to be limited in San Juan County. Areas around Friday 
Harbor that are not supplied from the Town water system are served primarily by individual wells. 
Groundwater sources are subject to intermittent water quality problems, including those related to iron, 
sulfur, and color. Groundwater sources are typically limited in production capacity. Well capacities on 
San Juan Island typically range from 3 to 15 gallons per minute (gpm). 

According to WSDOH records, the Town is the only system on San Juan Island with more than 400 
connections. Group A and B water system wells in the vicinity of the Town are shown on Figure 1-3. 
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Figure 1-3. Adjacent purveyors 

Data source: WSDOH Office of Drinking Water 
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1.2.6 Ordinances and Bylaws 

Title 13 of the Friday Harbor Municipal Code (FHMC) contains regulations applicable to the water system. 
The chapters of the FHMC related to water service are included in Appendix B. 

1.3 Existing Facilities Inventory 
The following section provides an inventory of the Town water system. An in-depth assessment of water 
system capacities and potential deficiencies is provided in Section 3. This section includes: 
 A description of existing system facilities and major components 

 Information on current water system service connections 

Existing system facilities include the following key components: water supply sources, treatment 
facilities, booster pump stations, distribution system piping, storage reservoirs, and service connections. 
A map of the entire water system, including watershed sources of supply to the west, is presented in 
Figure 1-4. A map showing a closer view of the Town distribution system and pressure zones is included 
as Figure 1-5. Figure 1-5 presents both the existing water system and pressure zones, and changes after 
proposed near-term water system improvements currently under design are completed. Improvements 
include replacement and partial re-route of substantial portions of the water main from the Town water 
treatment plant, and updates to pipes, valves, and piping to adjust pressure zone boundaries in the 
southwest portion of the distribution system. Figure 1-6 highlights key facilities in the distribution 
system. 
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1.3.1 Sources of Supply 

Water is supplied to the Town of Friday Harbor from the following three surface water sources: 
 Trout Lake 

 AUG 1: Overflow from Lake 310 is pumped into the Trout Lake watershed 
 AUG 2: Water pumped seasonally to Trout Lake from a stream to the east, in Section 17 

Table 1-2 details the estimated sustainable annual yield for each source of supply. 

 
Table 1-2. Existing Raw Water Sources and Sustainable Yield 

Source 
Annual sustainable yielda 
(MG/yr) (mgd) 

Trout Lake Reservoir 106 0.29 

AUG 1 40 0.11 

AUG 2 22 0.06 

Current total 168 0.46 

Emergency total, including Trout Lake dead storageb 193 0.53 

a. Annual sustainable yield is based on a 1994 study titled “Town of Friday Harbor Trout Lake Capacity Analysis”. 

b. Dead storage below the Trout Lake dam outlet can be accessed by pumping. However, by Town policy, dead 
storage will be used only during drought conditions; therefore, the effective total sustainable yield remains 
168 million gallons (MG). 

 

Trout Lake 

Until 1979, Friday Harbor’s water supply came from only one surface water source, Trout Lake. Trout 
Lake is located west of town in an isolated, undeveloped area surrounded by a steep drainage basin of 
approximately 840 acres, of which the Town owns approximately 570 acres. The lake is formed by a 
concrete dam and spillway with a screened outlet pipe at its southeastern abutment. The dam, originally 
built in 1928, was raised 11 feet to its present height of 36 feet in 1958. 

The total volume of Trout Lake, as determined through a 1994 study titled “Town of Friday Harbor Trout 
Lake Capacity Analysis,” was estimated to be 468 million gallons (MG). The outlet pipe was measured at 
288.2 inches below the spillway. According to this study, it was estimated that this outlet could be used 
until the water level reached 287 inches below the spillway. The volume below the outlet is called “dead 
storage” because it is not available via gravity flow. The estimated usable volume of Trout Lake is 370 
MG. The estimated dead storage volume is 98 MG. 

Given the estimated volume of the reservoir, the 1994 study used annual precipitation, water 
consumption records, and reservoir water level records to estimate the average annual recharge to Trout 
Lake from rainfall. The purpose was to determine a relationship to predict sustainable water supply 
capacity during periods of drought. A linear regression analysis method was used to conclude that no 
effective recharge from runoff to the lake occurred until 18.5 inches of rain had fallen annually. For each 
additional inch of rainfall over the 18.5-inch annual rate, the report estimated 35 MG of reservoir 
recharge. These relationships, based on average annual conditions, were applied as a planning tool to 
make multiple-year projections. The report concluded that the reservoir provides the Town of Friday 
Harbor with a sustainable annual yield of 168 MG when combined with the yields from the AUG 1 and 
AUG 2 systems. 

In 1995 the Town constructed facilities to allow emergency withdrawal from Trout Lake dead storage by 
installing a system for siphoning water from the deeper portions of the impoundment. The installation of 
the siphoning facilities could increase the Town’s supply by up to 25 MG. Siphon access to reservoir 
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dead storage capacity increases Trout Lake sustainable annual yield to an estimated 193 MG. However, 
use of dead storage would be condoned only during emergency drought conditions; therefore, the total 
annual sustainable yield supply capacity for current raw water supply sources remains at 168 million 
gallons per year (MG/yr) for planning purposes. 

Approximately 1.2 miles of raw water pipeline from the Trout Lake Dam supplies the Town’s water 
treatment plant. The raw water pipeline includes sections of 12-inch-diameter cast-iron pipe, 10-inch-
diameter welded steel pipe, and 10-inch-diameter AC pipe. 

Augmentation 1 (AUG 1) 

The Lake 310 augmentation project (AUG 1) was constructed in 1979 to supplement Trout Lake 
recharge with additional surface water supply capacity. The project entailed building a dam and spillway 
near the southeast end of Lake 310 to collect overflow water from a 190-acre watershed. Lake 310 
overflow water is captured in a small storage impoundment and pumped cross-country into Trout Lake 
Creek, which drains into Trout Lake. 

None of the Lake 310 watershed is owned by the Town; the properties are privately held. As with Trout 
Lake, it is located in the remote mountainous interior of the island and is therefore protected from 
significant development. 

Augmentation 2 (AUG 2) 

In 1988, the Town constructed a second augmentation project (AUG 2), consisting of a stream diversion, 
a pumping station, and a raw water main. The pump station and diversion structure are located 
approximately a quarter mile northeast of the water treatment plant and are designed to collect water 
from a 3,850-acre watershed. Runoff water was originally diverted from a stream in Section 17 and 
pumped directly to the water treatment plant. Direct supply of water from AUG 2 to the water treatment 
plant presented challenges in producing an acceptable treated water quality, which significantly limited 
the use of AUG 2. In 1994, the pump station was improved and a main was added to pump water from 
AUG 2 up to Trout Lake prior to treatment. 

As with the AUG 1 supply, the AUG 2 watershed is primarily under private ownership. 

Water Rights 

Water rights are often defined in terms of both instantaneous and annual withdrawal limits. The 
instantaneous limit represents the maximum pumping withdrawal rate of a well or maximum diversion 
rate for a spring or surface water source. The annual limit represents the total quantity of water that may 
be withdrawn or diverted during an entire year. A summary of Town water rights is provided in Table 1-3 
with further water rights information provided in Section 4. Copies of available water rights 
documentation are located in Appendix C. 

 
Table 1-3. Town of Friday Harbor Water Rights Summary 

Source 

Water Right 

Water Right 
Seasonal  

limitations 

Instantaneous  
withdrawal limit  

Annual withdrawal limit 

(cfs) (mgd) (ac-ft/yr) (MG/yr) (mgd) 
Trout Lake R1-22004C None None None 497.0 162 0.44 

AUG 1 S1-23127C 10/1–4/15 only 0.98 0.63 240.0 78 0.21 

AUG 2 S1-23457C 11/1–4/15 only 3.0 1.94 736.5 240 0.66 

Total 1,473.5 480 1.32 
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There are no seasonal or instantaneous restrictions for withdrawals from Trout Lake, and the annual 
withdrawal limit is about 162 MG. The water rights for AUG 1 limit water withdrawals to the period from 
October 1 to April 15, and allow a 440 gpm instantaneous withdrawal and an annual withdrawal of about 
78 MG. The water rights for AUG 2 limit water withdrawals to the period from November 1 to April 15 and 
allow for a 1,350 gpm instantaneous withdrawal with an annual withdrawal of approximately 240 MG. 
Actual annual withdrawals are limited by the sustainable yield of the sources. Currently, available water 
rights for each of the Friday Harbor raw water supply sources exceed the annual sustainable capacity by 
a significant margin. 

1.3.2 Water Treatment Facilities 

Consistent with federal and state potable water standards and requirements, Friday Harbor operates a 
water treatment plant to provide potable water treatment of raw surface water supplied from the Trout 
Lake, AUG 1, and AUG 2 supply sources. The water treatment plant currently employs conventional 
filtration, followed by granular activated carbon (GAC) adsorption/filtration and chlorine disinfection 
processes to provide potable water treatment consistent with associated state and federal water quality 
requirements. 

The conventional filtration plant processes are configured with three parallel gravity filter trains. Two 
filter trains can be operated simultaneously with a third typically reserved for backup. All three filter 
trains can be operated simultaneously during periods of peak demand. The filters typically operate at a 
maximum loading rate of 3.6 gallons per minute per square foot (gpm/sf) of filter area. 

Water is pumped from the conventional filtration process to supply the GAC processes, which in turn 
supply a chlorine contact clearwell. The GAC process includes two 10-foot-diameter pressure vessels 
filled with 20,000 pounds (lb) of GAC media each. The GAC contactors are normally operated in series, 
but can be operated in parallel for increased peak flow capacity, individually should one contactor need 
to be taken out of service, or can be bypassed entirely should both contactors require service. The 
chlorine contact clearwell has a hydraulic contact time capacity of approximately 700 gpm, predicated 
on water temperature and pH. More detailed information regarding treatment capacity is presented in 
Section 3. 

1.3.3 Distribution System 

The Friday Harbor water system includes four main pressure zones in order to provide water service at 
appropriate service pressures to varied service elevations. The pressure zones are each designated 
according to the hydraulic grade line (HGL) elevation at which each nominally operates. Pumps at the 
water treatment plant supply a 207-foot tank and pressure zone via dedicated supply piping. The 232- 
and 327-foot pressure zones are supplied via water pumped from the 207-foot tank, and the 460-foot 
pressure zone is supplied via pumping from the 232-foot pressure zone. Figure 1-4 provides an overview 
of the Friday Harbor water system and existing pressure zones. 

Water is distributed in approximately 30 miles of pipeline, ranging from 4 to 12 inches in diameter. Most 
of the older 4- to 10-inch-diameter pipes are AC or cast iron, while most of the more recently installed 
pipe is polyvinyl chloride (PVC) and ductile iron (DI). The existing distribution system is shown on Figure 
1-6. Table 1-4 provides an inventory of water mains that make up the Friday Harbor water distribution 
system, including mains that run from the water treatment plant to the Town. 
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Table 1-4. Pipes in the Friday Harbor Distribution System 

Diameter (in.) Approximate total length (ft) 
4 9,970 

6 78,810 

8 62,270 

10 32,250 

12 2,970 

 

1.3.4 Storage Tanks 

The Town water system includes three storage tanks with a total capacity of 1.55 MG. Given the 
configuration and operation of the tanks, none of the existing storage volume is dead storage. Generally, 
the tanks supply distinct pressure zones with an HGL established by the reservoir overflow elevation. 
However, the 327-foot pressure zone does not have a dedicated gravity storage tank. Instead, it relies on 
a 3,000-gallon hydro-pneumatic pressure tank with supply pumped directly from the 0.5 MG, 207-foot 
tank. System storage facilities are summarized in Table 1-5 and shown in Figure 1-6. 

 
Table 1-5. Water System Storage Capacity 

Tank Zones served 
Nominal 

capacity, MG 
Floor 

elevation (ft) 
Height 

(ft) 
Diameter 

(ft) 
207 ft tank 207 ft zone 0.5 157 50 41.3 

232 ft tank 232 ft zone 1.0 208 24 84.2 

460 ft tank 460 ft zone 0.05 442 27 19 

Total  1.55    

 

1.3.5 Pump Stations 

The Friday Harbor water system relies on a network of pumps and pipes to provide potable water service. 
A system of raw water pumps and pipes delivers water from AUG 1 and AUG 2 to Trout Lake. Raw water 
flows by gravity from Trout Lake to the water treatment plant through approximately 5,000 linear feet 
(LF) of 10-inch-diameter water main. Finished water from the water treatment plant is then pumped to 
the 207-foot tank through approximately 21,000 LF of 10- and 12-inch-diameter water supply pipeline. 

Two pump stations located at the 207-foot tank site deliver water from the 207-foot tank into the central 
232-foot and southwestern 327-foot pressure zones. An additional pump station lifts water from the 
central 232-foot pressure zone to the northern 460-foot pressure zone. Pump configurations and 
nominal capacities for each of the system’s potable water pump stations are summarized in Table 1-6. 
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Table 1-6. Pumping Stations 

Pump station Service Pump 
Nominal capacity 

Head (ft) Horsepower 
(gpm) (mgd) 

AUG 1 to Trout Lake Raw water Pump 1 800 1.15 180 50 

Pump 2 800 1.15 180 50 

AUG 2 to Trout Lake Raw water Pump 1 1,340 1.93 235 60 

Pump 2 1,340 1.93 235 60 

WTP to 207 ft pressure zone 
(includes auxiliary power) 

Potable water Small pump 200 0.29 130 10 

Large pump 1 350 0.50 25 25 

Large pump 2 350 0.50 25 25 

Large pump 3 350 0.50 25 25 

207 to 232 ft pressure zone 
(includes auxiliary power) 

Potable water Small pump 340 0.49 45 5 

Large pump 1 360 0.52 55 7.5 

Large pump 2 360 0.52 55 7.5 

207 to 327 ft pressure zone 
(includes auxiliary power) 

Potable water Small pump 1 150 0.22 180 20 

Small pump 2 150 0.22 180 20 

Large pump 1,000 1.44 160 60 

232 to 460 ft pressure zone Potable water Pump 1 120 0.17 365 25 

Pump 2 120 0.17 365 25 

460 to 460 ft plus pressure zone Potable water Small pump 105 0.15 178 3 

 

207-Foot Pressure Zone 

Finished water from the water treatment plant is pumped via 10- and 12-inch-diameter water mains to 
the Town’s 0.5 MG 207-foot tank located at Spring Street and Marguerite Place. During periods of high 
system demand, three 350 gpm pumps (two duty and one standby) are available at the water treatment 
plant to maintain supply to the 207-foot tank. During periods of lower system demand, a single 200 gpm 
pump maintains supply. There are currently 41 connections directly off the 207-foot pressure zone water 
main between the water treatment plant and the 207-foot tank. To minimize disruption of service to 
207-foot pressure zone customers during power outages, emergency power for the WTP pumps is 
available. 

232-Foot Pressure Zone 

Much of the Friday Harbor water system is served in the 232-foot pressure zone. A pump station located 
at the 207-foot tank supplies water to the 232-foot pressure zone and to the 1.0 MG 232-foot tank. 
Some low-elevation residences along the waterfront are equipped with pressure-reducing valves (PRVs) 
to protect their internal piping from excess pressure. Emergency power is available for pumps supplying 
the 232-foot pressure zone. 

327-Foot Pressure Zone 

A second pump station at the 207-foot tank provides water to the 327-foot pressure zone, located on 
the hillside west of Marguerite Place. The nominal 327-foot HGL is maintained by two 150 gpm pumps 
and a 3,000-gallon pressure tank. A 1,000 gpm pump provides fire flow capacity. The 327-foot pressure 
zone currently serves about 91 connections. The zone may eventually serve approximately 158 
connections when all lots within the zone are fully developed. Emergency power is available for pumps 
supplying the 327-foot pressure zone. 
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460-Foot Pressure Zone 

A pump station at the north end of the 232-foot pressure zone feeds the 460-foot pressure zone through 
two 120 gpm pumps. A 50,000-gallon storage tank maintains the nominal 460-foot HGL. The 460-foot 
pressure zone primarily serves the Hillview Terrace subdivision, which includes 141 single-family lots. In 
the future, with planned improvements, this zone will also supply an adjacent 327-foot pressure zone via 
PRV to serve the proposed Friday Cove and Finnegan Ridge developments. A small booster pump 
station, pressure tank, and dedicated pipe system supplied from the main 460-foot tank serves the 
uppermost service elevations of Hillview Terrace above approximately elevation 395 feet. 

1.3.6 Current Number of Service Connections 

In 2011, the Town water system had 1,329 service connections. More detailed information about these 
connections is presented in Section 2. The Town has existing commitments to provide service to 
additional customers, totaling approximately 325 new equivalent residential units (ERUs). 

1.3.7 Existing Interties 

The Friday Harbor water system currently has no interties with neighboring water systems. As previously 
discussed, other water systems on the island use primarily small individual wells for supply and would 
have limited capacity to provide water to the Town via intertie. 

1.4 Related Plans and Documents 
The existing engineering studies and planning documents described below were consulted in the 
preparation of the WSP. 

Town of Friday Harbor 2002 Comprehensive Plan (and Amendments) 

The Town’s Comprehensive Plan was adopted in 2002 and presents population growth projections, 
current and future land use distribution, and Town policies related to growth and utility service that are 
incorporated into this WSP. The Washington State Growth Management Act (GMA) requires that Town 
codes, procedures, regulations, and utility plans such as this WSP be prepared and/or amended to be 
consistent with the Comprehensive Plan. Updates to the Plan since adoption have generally been minor 
and include land use reclassifications, map change requests, and capital improvement program (CIP) 
updates. 

San Juan County Comprehensive Plan, April 2010 

The most recent update to the San Juan County Comprehensive Plan was completed in April 2010. The 
plan documents land use, population projections, build out analyses, planning policies, and other 
planning information for unincorporated areas of San Juan county adjacent to the Town of Friday Harbor. 

Trout Lake Dam Structural Stability Analysis, August 2009 

A structural stability analysis of the Trout Lake dam was completed in August 2009. The report 
concluded that the dam has adequate safety against failure under normal, flood, and seismic conditions. 

San Juan County Friday Harbor Urban Growth Area Infrastructure Feasibility Study, August 2008 

This feasibility study was completed to evaluate the impact of potential development around the FHUGA. 
As part of the analysis, water system capacity was assessed relative to the water system demands 
projected in the 2003 WSP, along with additional demands projected for buildout of a proposed FHUGA 
expansion as envisioned by San Juan County. 
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Town of Friday Harbor Utility Rate Study Update, Final Report, June 2008 

The Town’s most recent water and sewer rate study recommends increases in water and sewer rates to 
meet the financial requirements and the cost of service for the Town utilities. It addresses “right-to-
connect” charges, “system development” charges, and variable charges structures for water user fees. 

Trout Lake Dam Emergency Action Plan, May 2007 

This Emergency Action Plan (EAP) defines the responsibilities of key Town personnel during potential 
emergencies involving the Trout Lake Dam. It also provides procedures designed to accomplish the 
following: 

 Identify unusual and unlikely conditions that may endanger the dam 
 Initiate remedial actions to prevent or minimize the downstream impacts of a dam failure 

 Initiate emergency actions to warn downstream residents of impending or actual failure of the dam 

Town of Friday Harbor, Comprehensive Water System Plan, August 2003 

The prior 2003 update to the Friday Harbor WSP provides documentation of the Town water system and 
operations, projection of future demands, and recommendations for capital improvements and financing 
through 2008. 

Water Conservation Plan, August 2001 

The Water Conservation Plan in Appendix D provides background information for the water system, 
including demographic factors that influence the Town’s water supply, and describes ongoing and 
proposed water conservation and demand management programs. 

Trout Lake Capacity Analysis, Final Report, June 1994 

This report was prepared in response to a reservoir drawdown event during drought conditions. It 
summarizes previous reservoir capacity estimates, presents an updated reservoir capacity analysis, 
estimates the storage available to meet 1994 demands, and makes short-term recommendations to 
meet the 1994 consumption demands. 

Developers Water Extension Requirements, March 1992 

Within its capacity, it is the Town’s intent to serve new development or redevelopment within the Town. 
Friday Harbor has adopted Water Extension Requirements, included in Appendix E, which provide 
information on procedures, contracts, bonds, easements, design standards, and payback agreements. 
These requirements help ensure that new extensions will be completed according to acceptable 
workmanship and product quality. 

Emergency Water Shortage Response Plan, September 1988 

The Town adopted a water shortage response plan in 1988, included in Appendix F. 

1.5 Existing Service Area Characteristics 
The following section provides a description of the existing areas served by the Town’s water system, 
including land use and zoning regulations. 

1.5.1 Existing Service Area Boundaries 

The Town of Friday Harbor currently provides water service to all users within the Town limits and some 
residential, commercial, and light industrial users outside the Town. As of 2011, there are 371 out-of-
town connections that include users in the Turn Point/Southern Cross/Pear Point area, Brown Island, 
Hillview Terrace, Hillside Subdivision, and the University of Washington (UW) Laboratory. 
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Although the Town does serve some users outside of the Town limits, the Town water service area for 
new connections is limited to the Town and FHUGA boundaries. Figure 1-4 shows the extent of the 
Town’s water system, and Figure 1-2 shows the boundaries of the water service area, delineated by the 
Town and FHUGA boundaries. 

Only one large water user is located outside the Town limits: the UW Laboratory, which is a teaching 
research facility, located north of town. The Port of Friday Harbor, a convalescent center, and the schools 
are among the large water users within the Town limits. Residential areas to the north, west, and east of 
town are also served by the Friday Harbor system, as is Brown Island via a submarine pipeline from 
Friday Harbor. 

1.5.2 Existing Zoning and Land Use 

Friday Harbor’s 2011 Zoning Designation Map, shown in Figure 1-7, consists of nine designations: 
 Single Family Residential (SF) 
 Multifamily Residential (MF) 

 Professional Service (PS) 

 Commercial (CO) 
 Utility (UT) 

 Public Service (PU) 

 Shoreline Public Accommodation (SA) 
 Light Manufacturing (LM) 

 Light Industrial (IN) 

No significant industrial users are connected to the system. Public service users include the UW 
Laboratory and the Port of Friday Harbor. Commercial development generally consists of office buildings, 
retail stores, medical offices, a convalescent center, a retirement center, and restaurants, which are 
oriented to support the local residents as well as seasonal visitors and recreational activities. 
Surrounding the Town is unincorporated San Juan County, consisting largely of single-family residential 
development. 

The 2011 Town Land Use Map is included as Figure 1-8, and essentially includes the residential and 
nonresidential zoning areas of the Town. 

1.6 Future Service Area 
The following section provides a description of the potential future areas served by the Town’s water 
system, including land use and zoning considerations. 

1.6.1 Future Service Area Boundaries 

The future Town water service area is projected to match the current water service area, and includes 
the incorporated Town and the FHUGA, shown in Figure 1-2. 
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Figure 1-7. Town zoning map 
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Figure 1-8. Town land use map 

 



Section 1 Friday Harbor Water System Plan Update

 

1-24 

Use of contents on this sheet is subject to the limitations specified at the end of this document. 
FH WSP Final.docx 

1.6.2 Future Zoning and Land Use 

Zoning and land use updates are addressed in the Town Comprehensive Plan. Future planning priorities 
for the Town and County include maintaining the land use character of the Town, and as such new 
growth will be channeled toward appropriately zoned areas. The zoning, land use, and urban growth area 
(UGA) plans described in the Comprehensive Plan and depicted in Figure 1-7, Figure 1-8, and Figure 1-2, 
respectively, were developed to accommodate growth to the 20-year planning horizon. 

1.7 Service Area Agreements 
The Town has no service area agreements in place with neighboring water systems. Because there are 
no other major water systems in the vicinity, service area conflicts are not anticipated. 

1.8 Service Area Policies 
The Town has established water system management policies to help manage water system growth and 
development. Policies and ordinances help the Town provide water system users with consistent and 
adequate levels of water service, and give the Town tools to respond to local drought conditions or other 
challenges or emergencies. 

Standards and criteria identified below are intended to be consistent with federal, state, and local 
requirements, including Chapter 246-290 of the Washington Administrative Code (WAC), the WSDOH 
Water System Planning Handbook, and Water System Design Manual. Table 1-7 summarizes Friday 
Harbor water service policies. 

 
Table 1-7. Water Service Policies 

Policy Addresses Reference 

Direct Connection Policy 
Policy establishing conditions applicable to all service connections, including meters, valves, 
and installation requirements. 

FHMC 13.04 

Minimum Standards Policy 
Policy to establish Town minimum design and performance standards for proposed 
developments within the Town’s existing areas served. 

FHMC 13.08 

Direct Extension Policy 
Policy to establish conditions for main extensions including the application process, preparation 
of plans and specifications, plan review and inspection, construction, and temporary mains. 

FHMC 13.08 

Connection Responsibility Policy 
Metered water service shall be installed at the expense of the consumer in accordance with a fee 
schedule established by Town ordinance. 

FHMC 13.04 

Connection Fee Policy 
Policy establishing water service connection fees that shall be charged and collected by the 
Town. Connection fees are outlined in Section 9 of this document. 

FHMC 13.05 

Water Rate Policy Policy concerning monthly water rate charges for customers of the water system. FHMC 13.05 

Meters Policy 
Each property serviced by the Town water supply shall be connected by separate metered 
connection to the Town main. 

FHMC 13.04 

Materials Policy Policy stating minimum requirements for materials in providing water service. FHMC 13.08 

Emergency Drought Policy Policy to establish water use restriction during times of drought. FHMC 13.16 

Drought Water Policy Policy creating new classification of water rates during times of severe drought. FHMC 13.16 

Cross-Connections Control Established regulations regarding water system cross connections. FHMC 13.08 

Limitations on New Services Policy that limits connections for out-of-town services. FHMC 13.12 
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Wholesaling 

The Town does not sell water to other utilities, and therefore has no wholesaling policy. The Town does 
allow for a single water meter to service condominiums or other residential developments. FHMC Section 
13.04.090 established regulations related to the responsibility of managing these types of accounts. 

Wheeling 

Water wheeling is a practice whereby one agency conveys water through another agency’s infrastructure. 
The Town does not currently wheel water, or have any policy providing for it. 

Annexation 

As established in the Friday Harbor FHUGA Management Agreement between the Town and San Juan 
County, adopted in July 2008: 

 Only areas within the unincorporated FHUGA may be considered for annexation to the Town. 

 Urban services and capital facilities may be extended to properties within the unincorporated FHUGA 
only when those properties are annexed to the Town. 

 Property owners seeking annexation to the Town will be required to include in annexation petitions a 
full description of proposed development and any phasing plans, the specific urban services needs 
for the project, and all analyses and reports required by the Town. 

Direct Connection and Satellite/Remote Systems 

New developments within the Town water service area must connect to the Town water system, and are 
not permitted to be served via satellite or remote systems. 

Design and Performance Standards 

All water system improvements must be designed and installed in accordance with Town water main 
extension requirements as adopted in FHMC Chapter 13.08, and consistent with Town design standards 
(see Appendix E) and applicable WSDOH standards. 

Outside Customer Surcharge 

Town water customers located outside of the capital town limits are charged a higher monthly base 
charge than customers within Town limits. Water usage rates are the same for customers within and 
outside Town limits. The rationale for the increased monthly base cost is that it costs the Town more to 
provide service to customers outside town limits. Water rates and charges are set forth in FHMC 
Chapter 13.05. 

Formation of Local Improvement Districts outside Legal Boundaries 

San Juan County will not authorize the creation of special purpose districts for the provision of utilities, 
recreation, or other public facilities unless such districts include all of the area within the unincorporated 
FHUGA and the creation has been approved by the County and the Town. 

Urban Growth Areas 

The boundary of the FHUGA was selected to ensure that urban services will be available for all future 
development therein. This includes the provision of water service and other utilities (Comprehensive 
Plan, Chapter 7, p.1). 

Properties within the unincorporated FHUGA proposed for new development that require urban services 
(including Town water and sewer facilities) shall be annexed before a land use or building permit will be 
issued. 
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Proposed developments that do not require urban services shall be subject to the conditions of an 
enforceable developer extension agreement to pay for Town services upon the annexation of the subject 
property. County code requirements for onsite water supply, fire flow, sewage disposal, and stormwater 
control facilities shall apply only to allowable uses and developments that do not require urban services. 

Latecomer Agreements 

The Town has a latecomer agreement for water extension improvements. The agreement recoups water 
extension project costs by dividing costs incurred by the Town and/or a developer among the benefiting 
parcels. A standard agreement form is available from the Town on request. 

Oversizing 

The Town may consider contributing funds to help finance oversized water mains in a new development 
to accommodate future growth on a case-by-case basis. 

Cross-Connection Control Program 

The Town has an established a cross-connection control program that has been developed and 
implemented consistent with the requirements of WAC 246-290-490 (see Appendix H). The program and 
Town’s enforcement authority are described in FHMC Chapter 13.08. 

System Extension 

Town policies for water service extensions are outlined in the Friday Harbor Water System Extension 
Requirements, and in FHMC Chapter 13.08. These requirements outline the application process, 
preparation of plans and specifications, plan review, construction, and inspection of improvements to 
the water system. 

1.9 Satellite Management 
The Town does not currently participate in satellite management activities. 

1.10 Conditions of Service 
Purveyor Responsibilities 

The Town will supply water service to new customers within town limits provided that the following 
conditions are met: 
 Determination by the Town that water supply and related distribution facilities are both available and 

adequate for proposed uses. Water supply should be considered “available” when it is 
demonstrated that water of sufficient quantity and quality for the intended use can be delivered to 
the proposed development. Water supply should be considered “adequate” when peak demand and 
the quantities of water necessary to satisfy that demand have been demonstrated. 

 The service request is consistent with adopted local plans and development regulations. 

Customer Responsibilities 

Metered water service shall be installed at the expense of the consumer in accordance with a fee 
schedule established by town ordinance. The Town’s connection responsibility policy is established in 
FHMC Chapter 13.04. 

Connection Fee Schedule 

FHMC Chapter 13.05 establishes fee schedules and policies. 
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Meter and Materials Specifications 

Each property serviced by the Town water supply shall be connected by separate metered connection to 
the Town main. All water lines and meters shall be designed and installed in accordance with Town water 
main extension requirements as adopted in FHMC Chapter 13.08, and consistent with Town design 
standards (see Appendix E) and applicable WSDOH standards. 

Consent Agreements for Inspection, Maintenance, and Repair Activities That May Disrupt Water 
Service 

FHMC Chapter 13.04 states, “The water supply may be shut off at any time, without notice, for repair, 
extension or other necessary purposes. The Town shall not be responsible for any damage incurred on 
the premises of the water customer by this action. Upon request of the Town, a designated employee 
shall be allowed access during reasonable hours to all parts of buildings with water service from the 
Town water system for the purpose of inspecting the condition of the pipes and fixtures and the manner 
in which the water is used. (FHMC 13.04).” 

Latecomer Payback Provisions 

The Town has a latecomer agreement for water extension improvements. The agreement recoups water 
extension project costs by dividing costs incurred by the Town and/or a developer among the benefiting 
parcels. A standard agreement form is available from the Town on request. 

Developer Extension Requirements, Design Standards, Financing Responsibilities, and Engineering 
Design Requirements 

The Town’s developer extension requirements and construction standards are detailed in FHMC 
Chapter 13.08, the Town of Friday Harbor Water and Sewer System Extension Requirements and the 
Town design standards (see Appendix E). 

1.11 Complaints 
The Town maintains a public phone number for customer service. Customer calls may include reporting 
of water main breaks or leaks, low service pressure, or water quality issues. The Town responds 
immediately to resolve customer complaints. Written complaints are kept on file in accordance with state 
records retention laws. Work orders are issued to correct major system deficiencies. 
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Section 2 

Basic Planning Data and Water 
Demand Forecasting 
The following sections present basic planning data and water demand forecasting for the Town water 
system, including the following information: 

 Current population, service connections, and water use 
 Projected land use, future population, and water demand 

This planning information serves as the basis for the planning analyses and evaluations presented in 
subsequent sections, where it is used to evaluate the ability of the Town water system to serve existing 
and anticipated future water supply needs. 

2.1 Current Population, Service Connections, Water Use, and 
Equivalent Residential Units 

The following section provides information about the population, service connections, water use, and 
ERUs as they relate to the water system. 

2.1.1 Current Population 

The Town of Friday Harbor water system provides water service to existing customers both inside and 
outside its incorporated limits. Population for the Town incorporated area for 2011 was estimated at 
2,180, based on data available from OFM. Historical population data for the Town are presented in Table 
2-1 and depicted in Figure 2-1. Historical population data for unincorporated San Juan County as a 
whole are presented in Table 2-2 and depicted in Figure 2-2. In the period spanning 2000–10, the 
Town’s population grew at a 0.8 percent average annual rate, whereas unincorporated San Juan County 
population grew at a 1.2 percent average annual rate. 

The Town of Friday Harbor water system serves an estimated total population of 3,190 people (both in-
town and out-of-town connections) as of 2011. 
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Table 2-1. Town of Friday Harbor Population 

Year Population Average annual growth rate 

1980 1,200 - 

1990 1,492 2.2% 

2000 1,989 2.9% 

2010 2,162 0.8% 

2011 2,180 0.8% 

Source: Washington State Office of Financial Management (OFM). 

 
 

Table 2-2. Unincorporated San Juan County Population 

Year Population Average annual growth rate 

2000 12,088 - 

2010 13,607 1.2% 

2011 13,720 0.8% 

Source: Washington State Office of Financial Management (OFM). 

 

 
Figure 2-1. Town population trend 
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Figure 2-2. Unincorporated San Juan County population trend 

 

2.1.2 Total Service Connections 

The Town categorizes its water system customers according to the following classes, typically 
abbreviated as shown: 

 SFR: Single-family residential 
 MFR: Multifamily residential 

 COM: Commercial 

 IND: Industrial 
 PA: Public authority 

 Special 

For 2011, the total number of service connections for the Town water system was 1,329. A complete 
breakdown of the connections by customer class and location for 2011 is presented in Table 2-3. In 
Table 2-4, customer connections for 2006–11 are summarized. 

Connections by customer type for 2011 are displayed in Figure 2-3. 
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Table 2-3. 2011 Water Service Connections 

Class description Number of connections 

Single-family residential (SFR), total 914 

• SFR, in town 562 

• SFR, out of town 352 

Multifamily residential (MFR), total 109 

• MFR, in town 104 

• MFR, out of town 5 

Commercial total 214 

• Commercial, in town 210 

• Commercial, out of town 4 

Industrial total 16 

• Industrial in town 13 

• Industrial out of town 3 

Public authority total 70 

• Public authority, in town 65 

• Public authority, out of town 5 

Special total 6 

• Special, in town 4 

• Special, out of town 2 

Total 1,329 

 
Table 2-4. Water Service Connections by Customer Class, 2006–11 

Year SFR MFR COM IND PA Special Total 

2006 881 117 222 18 47 5 1,290 

2007 901 106 222 18 48 4 1,299 

2008 910 105 227 18 48 4 1,312 

2009 913 107 229 17 50 4 1,320 

2010 903 107 220 17 66 6 1,319 

2011 914 109 214 16 70 6 1,329 
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Figure 2-3. 2011 service connections by customer class 

 

2.1.3 Water Use Data Collection 

The Town meters water production at the Town water treatment plant. The Town also meters water 
consumption at all customer service connections. 

Production Data 

Water production volumes at the water treatment plant are recorded weekly. Monthly production data for 
2003–11 are presented in Table 2-5. Annual water demands are frequently expressed in terms of 
average day demand (ADD) as shown in Figure 2-4, which indicates the average daily water produced by 
a water system during each year. 
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Table 2-5. Water Production, 2003–11 

Year 
Jan 

(MG) 
Feb 

(MG) 
Mar 
(MG) 

Apr 
(MG) 

May 
(MG) 

Jun 
(MG) 

Jul 
(MG) 

Aug 
(MG) 

Sep 
(MG) 

Oct 
(MG) 

Nov 
(MG) 

Dec 
(MG) 

Total 
(MG) 

ADD 
(mgd) 

2003 7.33 6.78 6.29 8.00 8.12 12.95 14.64 16.19 12.57 9.30 9.12 8.44 119.74 0.33 

2004 10.67 9.34 9.14 10.45 11.51 12.79 15.43 17.09 11.96 9.19 8.86 8.80 135.22 0.37 

2005 8.58 8.14 7.58 8.34 9.81 12.06 13.74 17.38 13.55 10.23 9.17 8.51 127.09 0.35 

2006 8.49 8.23 8.09 10.02 11.37 13.32 17.00 18.17 14.83 10.56 9.07 8.97 138.11 0.38 

2007 8.90 8.31 7.22 9.07 9.51 12.46 16.28 17.00 14.67 9.52 8.47 8.13 129.53 0.35 

2008 8.21 8.58 9.01 10.17 10.27 11.70 15.28 16.23 12.17 9.50 8.51 8.73 128.36 0.35 

2009 10.20 8.39 7.83 8.89 9.64 14.22 15.54 15.93 12.80 8.76 5.49 5.50 123.18 0.34 

2010 7.34 7.07 6.71 7.99 9.47 9.75 12.71 13.74 11.19 8.02 6.97 7.30 108.26 0.30 

2011 6.88 6.92 6.70 7.52 7.54 9.49 11.64 12.87 11.80 8.20 7.06 6.85 103.47 0.28 

 

 
Figure 2-4. Average day demand (ADD) 

 

Consumption Data 

The Town meters customer water service connections to measure water consumption. Average day 
consumption for 2003–11 is shown in Table 2-6. Metered water consumption broken down by customer 
class for 2006–11 is presented in Table 2-7. Water consumption data are derived from Town billing 
records; customer water meters are read monthly. 
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Table 2-6. Water Consumption, 2003–11 

Year Annual consumption (MG) Average day consumption (mgd) 

2003 109.94 0.30 

2004 117.43 0.32 

2005 115.04 0.32 

2006 123.41 0.34 

2007 115.42 0.32 

2008 110.66 0.30 

2009 114.10 0.31 

2010 101.97 0.28 

2011 97.44 0.27 

 
Table 2-7. Water Consumption by Customer Class (Average for 2006–11) 

Parameter SFR MFR COMa Special/other Total 

Average day 
consumption (gpd) 

107,736 53,898 121,473 19,631 302,737 

Number of 
connections 

904 109 295 5 1,312 

Consumption per 
connection (gpd) 

119 497 412 4,062 254 

Percent of total 
consumption 

36% 18% 40% 6% 100.0% 

a. The commercial customer class values presented here include industrial and public authority. 

 

Seasonal Variations in Demand 

Seasonal variations in consumption by customer class for 2009, which represents peak summer period 
usage in recent years, are depicted in Figure 2-5. In general, demand peaks are associated with elevated 
tourism and dry conditions in late summer months. 
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Figure 2-5. Seasonal variations in water demand, by customer class 

 

Peak Water Demands 

Maximum day demand (MDD) corresponds to the largest volume of water produced in a single day each 
year. In the Town of Friday Harbor MDD is typically associated with a hot summer weekend. MDD is 
frequently described in terms of a peaking factor, which is the ratio of MDD to ADD. 

MDD values for 2003–11 are shown in Table 2-8. Record high temperatures for Friday Harbor were 
recorded in July 2009, contributing to an unusually high MDD recorded during that period. The July 2009 
MDD corresponds to a peaking factor of 2.33. This peaking factor is considered representative of likely 
maximum day usage scenarios, and will be applied to future water demand projections in this WSP. 
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Table 2-8. Maximum Day Demand (MDD), 2003–11 

Year ADD (mgd) MDD (mgd) 
MDD/ADD 

peaking factor 

2003 0.33 0.68 2.06 

2004 0.37 0.67 1.80 

2005 0.35 0.71 2.03 

2006 0.38 0.74 1.96 

2007 0.35 0.74 2.10 

2008 0.35 0.66 1.86 

2009 0.34 0.79 2.33 

2010 0.30 0.60 2.02 

2011 0.28 0.54 1.90 

 

Peak hour demand (PHD) is the maximum water use during a 1-hour period on the peak demand day. 
The WSDOH Water System Design Manual presents a methodology for estimating PHD. The generalized 
equation incorporates ERUs, and is as follows: 

	 	
1,440

	 	 	 	18	

Where: 

PHD = Peak hourly demand (gpm) 

C = Coefficient associated with ranges of ERUs 

N = Number of service connections, ERUs 

F = Factor associated with ranges of ERUs 

MDD = Maximum day demand (gpd/ERU) 

A range of values for C and F are provided in Table 5-1 of the Water System Design Manual, varying with 
water system size. For systems with greater than 500 ERUs, like Friday Harbor’s, C = 1.6 and F = 225. 

For 2006–11, the average number of ERUs in the Town system was 2,798, as noted in Table 2-11. MDD 
is calculated by taking an average ADD per ERU, 119 gallons per day (gpd), times the highest reported 
MDD/ADD peaking factor (2.33), equaling a MDD of 278 gpd/ERU. The PHD is calculated below, using 
the values cited: 

	 	
278
1,440

1.6 2,798 	225 	18 	 	

Distribution System Leakage 

Distribution system leakage (DSL) is defined as the difference between the metered source water 
production and metered water consumption, less any authorized productive uses. DSL may include 
water lost due to leaks, unauthorized uses such as illegal service connections, accounting errors, and 
inaccurate source and customer meters. Table 2-9 details DSL for 2003–11. 
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Table 2-9. Water Distribution System Leakage, 2003–11 

Year Annual production (MG) Annual consumption (MG) DSL (MG) Percent DSL 

2003 119.74 109.94 9.80 8.2% 

2004 135.22 117.43 17.79 13.2% 

2005 127.09 115.04 12.05 9.5% 

2006 138.11 123.41 14.70 10.6% 

2007 129.53 115.42 14.11 10.9% 

2008 128.36 110.66 17.71 13.8% 

2009 123.18 114.10 9.08 7.4% 

2010 108.26 101.97 6.28 5.8% 

2011 103.47 97.44 6.04 5.8% 

 

2.1.4 Equivalent Residential Units 

ERUs are a way to express water use for an entire water system in terms of equivalent single-family 
residential units. An ERU is defined as the average day water consumption for a single-family residence. 
Table 2-10 shows the calculated water consumption per ERU for 2006–11. 

 
Table 2-10. Equivalent Residential Unit Water Demand, 2006–11 

Year SFR ADD (gpd) SFR connections gpd/ERU 

2006 115,653 881 131 

2007 112,468 901 125 

2008 107,212 910 118 

2009 110,898 913 122 

2010 100,027 903 111 

2011 100,159 914 110 

Average 107,736 904 119 

 

For purposes of this WSP, the average 2006–11 value of 119 gpd/ERU is used to analyze system 
capacity for future planning requirements. The total number of ERUs for the Town was calculated by 
dividing the amount of consumption per connection for each customer class by the amount of 
consumption per connection for the SFR customer class, and then multiplying that ratio by the number 
of connections for each respective customer class. Table 2-11 summarizes the average number of ERUs 
per customer class for 2006–11. 
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Table 2-11. Water System ERUs (Average 2006–11) 

Parameter SFR MFR COMa Special/other DSL Total 

Average day demand (gpd) 107,736 53,898 121,473 19,631 31,012 333,749 

Number of connections 904 109 295 5 - 1,312 

Consumption per connection (gpd) 119 497 412 4,062 - 254 

ERUs per connection 1.0 4.2 3.5 34.0 - 2.1 

Total ERUsb 904 452 1,018 165 260 2,798 

a. The commercial customer class here includes industrial and public authority connections. 

b. ERU totals do not match exactly due to rounding. 

 

2.2 Projected Land Use, Future Population, and Water Demand 
The Town has identified a long-term population growth rate of 1.7 percent for future planning purposes, 
consistent with the Town Comprehensive Plan. This growth rate applies to both incorporated and 
unincorporated areas of the Town water system. This rate will be applied to future planning projections 
and forecasts in this WSP. 

2.2.1 Projected Land Use 

Maps of the recently amended Town UGAs, zoning areas, and land use areas are presented in Section 1. 
The Town projects that the UGA, zoning, and land use areas identified in the Town Comprehensive Plan 
are adequate to support future population growth out to the 20-year planning horizon. New annexations 
and/or the creation of additional UGAs are not anticipated during that time frame. Population within the 
water system is anticipated to grow through in-fill of existing development. 

2.2.2 Projected Population 

Population projections for the water system in Table 2-12 include forecasted growth within Town 
boundaries, and for the entire service area. Annual population growth is projected at 1.7 percent, from 
an estimated baseline water service area population of 3,190 people in 2011. 

 
Table 2-12. Population Projections 

Year Town Water system 

2011 2,180 3,190 

2012 2,217 3,244 

2018 2,453 3,590 

2032 3,106 4,545 

 

2.2.3 Projected Nonresidential Water Demand 

It is anticipated that growth due to in-fill within the current water system will be similar in character to 
existing customer classes and water use patterns. Projections are therefore based on the assumption 
that nonresidential demands will increase in proportion to residential demands, at the identified 1.7 
percent annual growth rate. 
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2.2.4 Projected Non-Revenue Water 

Friday Harbor currently has no metered non-revenue water. Public authority water use is metered and 
billed. 

2.2.5 Water Rates and Rate Impacts on Water Demand 

The Town completed a utility rate study in 2008 that assessed revenue requirements, including 
projected capital costs, through 2015, and made rate-setting recommendations targeted to meet those 
requirements. 

The current water rate schedule is included in Table 2-13. It includes fixed monthly charges for service, a 
consumption-based charge that escalates with increasing water use for SFR customers, and a non-SFR 
consumption-based charge that varies seasonally. Low-income elderly or disabled customers pay half 
the standard fixed fee, plus consumption. The rate schedule includes tiered charges to encourage 
conservation by water users. 
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Table 2-13. Water Rate Schedule 

Customer 
class 

Meter 
size 

In-town fixed 
fee 

Out-of-town 
fixed fee 

Variable charge (per 1,000 gallons) 

Block 1  
(0-3.5) 

Block 2  
(3.5-7) 

Block 3  
(7-10.5) 

Block 4  
(10.5+) 

SFR 5/8″ 40.00 60.25 7.00 8.75 11.65 14.00 

 1″ 91.00 136.30 7.00 8.75 11.65 14.00 

 1.5″ 175.50 263.50 7.00 8.75 11.65 14.00 

 2″ 277.25 415.80 7.00 8.75 11.65 14.00 

    (All others seasonal) Winter Summer 

MFR 5/8″ 40.50 61.00   7.00 8.80 

 1″ 92.00 138.00   7.00 8.80 

 1.5″ 178.00 267.00   7.00 8.80 

 2″ 281.00 421.50   7.00 8.80 

 3″ 555.85 833.75   7.00 8.80 

 4″ 865.00 1,297.50   7.00 8.80 

COM 5/8″ 40.50 61.00   7.00 8.80 

 1″ 92.00 138.00   7.00 8.80 

 1.5″ 178.00 267.00   7.00 8.80 

 2″ 281.00 421.50   7.00 8.80 

 3″ 555.85 833.75   7.00 8.80 

 4″ 865.00 1,297.50   7.00 8.80 

IND 5/8″ 45.50 68.50   7.00 8.80 

 1″ 105.00 157.35   7.00 8.80 

 1.5″ 203.50 305.30   7.00 8.80 

 2″ 322.00 483.00   7.00 8.80 

 3″ 637.60 956.50   7.00 8.80 

 4″ 992.80 1,489.15   7.00 8.80 

PA 5/8″ 40.50 61.00   7.00 8.80 

 1″ 92.00 138.00   7.00 8.80 

 1.5″ 178.00 267.00   7.00 8.80 

 2″ 281.00 421.50   7.00 8.80 

 3″ 555.85 833.75   7.00 8.80 

 4″ 865.00 1,297.50   7.00 8.80 

 

2.2.6 Water Demand Forecasting 

For the purposes of projecting future water system demands, a 2011 baseline demand projection was 
developed with consideration to data from several sources. The 2011 ADD baseline projection is 
determined as the average ADD for 2006–11. The MDD baseline for 2011 is calculated from the 
baseline ADD using the highest observed recent peaking factor of 2.33 from July 2009. PHD baseline for 
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2011 was calculated according to the standard WSDOH formula based on the baseline ADD and MDD 
values and on average ERUs for 2006–11. 

For future planning years, ADD is projected using a 1.7 percent growth rate for water demands. MDD is 
projected based on a consistent MDD/ADD peaking factor of 2.33. PHD is projected based on a 1.72 
PHD/MDD ratio calculated for the 2011 baseline year. ERUs are projected from ADD on the basis of 
119 gpd/ERU. Projected ADD, MDD, PHD, and ERUs for 6- and 20-year planning periods are shown in 
Table 2-14. 

 
Table 2-14. Projected ADD, MDD, PHD, and ERUs 

Year ADD (mgd) MDD (mgd) MDD (gpm) PHD (gpm) ERUs 

2011 (baseline) 0.33 0.78 540 926 2,798 

2012 0.34 0.79 549 945 2,845 

2018 0.38 0.88 608 1,045 3,148 

2032 0.48 1.11 769 1,323 3,986 

 

Water demand projections including water use efficiency (WUE) measures were developed consistent 
with WUE goals outlined in Section 4. Water demand projections including WUE measures assume a 
future goal of 9 percent DSL, instead of the 9.1 percent DSL included in baseline projections, as 
documented in Table 2-14. WUE goals were set several years ago to target 9 percent DSL, and 
improvements in Town water system performance for DSL have brought the Town below its DSL target 
for the last 3 years. This is reflected in the similarity of the Town WUE goal and projections relative to 
actual 6-year average performance. WUE efficiency projections are presented in Table 2-15. 

 
Table 2-15. Projected ADD, MDD, PHD, and ERUs (with WUE measures) 

Year ADD (mgd) MDD (mgd) MDD (gpm) PHD (gpm) ERUs 

2011 (baseline) 0.33 0.78 540 926 2,798 

2012 0.34 0.79 549 944 2,842 

2018 0.38 0.87 607 1,044 3,145 

2032 0.48 1.11 769 1,322 3,982 
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Section 3 

System Analysis 
This section presents an analysis of water system capacity and performance relative to anticipated 
regulations, demands, and service requirements. The following sections include evaluations of Town 
water supply sources, water treatment, water storage, and system piping and hydraulics relative to 
applicable regulatory frameworks, criteria, and requirements; existing water supply needs; and the 
anticipated additional demands of future growth and development, as projected previously in Section 2. 
System improvements needed to correct existing and anticipated system deficiencies and support 
projected future growth and water system expansion are identified, assessed, and prioritized in 
subsequent sections. 

3.1 System Design Standards 
System design standards identify performance and design criteria that are applicable to the Town of 
Friday Harbor. Performance and design criteria typically address water system sizing and reliability 
requirements for source, storage, piping hydraulics, and water quality. Construction standards set forth 
material requirements and construction methods that contractors, developers, and the Town shall 
adhere to when constructing water system improvements. 

The system design standards applied in the system analyses and evaluations summarized in this section 
are detailed in Table 3-1. These standards are generally consistent with applicable local, county, state, 
and federal requirements for the Town water system, including WSDOH and U.S. Environmental 
Protection Agency (EPA) criteria, as detailed in the applicable sections of the Washington Administrative 
Code (WAC), WSDOH Water System Design Manual, and Code of Federal Regulations (CFR). A more 
detailed set of service area policies is included in Appendix B. 
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Table 3-1. System Design Standards 

Parameter Standard 

Water quality and treatment Provide water quality and treatment consistent with applicable state (WSDOH) and federal (EPA) requirements 

ADD 119 gpd/ERU per recent system water use records and customer counts, as detailed in Section 2 

MDD MDD = (2.33)(ADD), consistent with recent highest observed peaking factor, as detailed in Section 2 

PHD 

PHD = (MDD/1440)[(C)(N)+F]+18, consistent with the WSDOH standard design formula in which: 

PHD is expressed in gpm 

MDD is expressed in gpd/ERU 

N = analysis area ERUs 

C and F vary according to analysis area ERUs as summarized below: 

ERUs C F 

<50 3.0 0 

51–100 2.5 25 

101–250 2.0 75 

251–500 1.8 125 

>500 1.6 225 

Fire flow rate  
and duration 

Single-family residential: 500 gpm for 30 minutes 

Commercial/multifamily residential: 750 gpm for 60 minutes 

Industrial: 1,000 gpm for 60 minutes 

Water system pumping 
capacity 

Sufficient to supply MDD with the largest pump out of service, where PHD and fire flows are supported by available 
gravity equalizing and fire suppression storage. 

Sufficient to supply PHD and fire flows with the largest pump out of service, where PHD and fire flows are supported 
directly via pumping. 

Storage volumes Sufficient to support the sum of operational, equalizing, standby and fire suppression, and dead storage volumes 

Operational storage  
(OS) 

OS = Volumes stored between pump on and pump off levels 

OS is to be located within the overall storage volume at a level such that it can support 30 psi minimum PHD 
service pressure 

Equalizing storage  
(ES) 

ES = (PHD - Qs)(150 minutes) consistent with WSDOH standard design formula in which: 

PHD is expressed in gpm and is calculated for each analysis area according to anticipated ERUs as indicated 
above 

Qs = analysis area active source of supply or booster pumping capacity, because Qs should generally be greater 
than MDD, as summarized above, MDD may be substituted for Qs for analysis planning purposes 

ES is to be located within the overall storage volume at a level such that it can support 30 psi minimum PHD 
service pressure 

Standby storage  
(SB) 

Analysis areas with single sources of direct hydraulic source of supply: 

SB = (2)(ADD)(N) where: 

ADD is expressed in gpd/ERU 

N = analysis area ERUs 

Analysis areas with multiple sources of direct hydraulic source of supply: 

SB = (2)(ADD)(N) - Qr where: 

ADD is expressed in gpd/ERU 

N = analysis area ERUs 

Qr = Analysis area source-of-supply capacity with largest source out of service, because Qr should generally be 
greater than ADD as summarized above ADD may be substituted for Qr for analysis planning purposes 

SB shall also not be less than 200 gallons/ERU, SB is to be located within the overall storage volume at a level 
such that it can support 20 psi minimum service pressures 

Fire suppression storage  Single-family residential: (500 gpm)(30 minutes) = 0.015 MG 
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Table 3-1. System Design Standards 

Parameter Standard 
(FSS) Multifamily residential/Commercial: (750 gpm)(60 minutes) = 0.045 MG 

Industrial: (1,000 gpm)(60 minutes) = 0.06 MG 

FSS is to be located within the overall storage volume at a level such that it can support 20 psi minimum MDD plus 
fire flow service pressures 

Dead storage  
(DS) 

Storage within the overall storage volume below the level necessary to maintain 20 psi minimum gravity service 
pressure to associated service connections 

Minimum system  
pressure 

Distribution system piping: 

30 psi minimum under PHD conditions 

20 psi minimum under MDD plus fire flow conditions 

Transmission system piping: 

Maintain positive system pressure under all hydraulic conditions for transmission pipes that do not include direct 
service or fire hydrant connections 

Maximum system  
pressure 

Distribution and transmission system piping: 

Target of 80 psi maximum during normal conditions (recommend individual service connection PRVs in areas that 
exceed 80 psi) 

Telemetry system Automated telemetry and control system in place, telemetry control should be added for new installed facilities 

Minimum pipe sizes Minimum 8-inch pipe diameter except for 6-inch minimum in single-family cul-de-sacs. 

Maximum pipe  
flow velocity 

Goal of no more than 5 feet per second (fps) under PHD conditions 

Goal of no more than 8 fps under MDD plus fire flow conditions 

Backup power 

Onsite backup power equipment or gravity standby storage shall be provided unless the power grid meets the 
minimum reliability criteria established in Section 7.7, “Water System Design Manual”. Gravity storage provided 
for pressure zone 232, other zones provide a minimum of 50 percent of peak demand with largest pump out of 
service, with auxiliary power provided. 

Fire hydrant spacing  
and locations 

In Town: Target spacing of every 600 ft, maximum of 1,000 ft, with a valve off of the main line. 

Out of Town: No specific standard 

Isolation valve spacing  
and locations 

Located wherever necessary to allow individual pipelines to be shut down for repair or service installation. In 
general, a minimum of three valves shall be placed at intersections and tees. Maximum spacing is 1,000 ft in 
Town. Out–of- Town spacing is evaluated on a case-by-case basis. 

Pipe looping Dead-end lines are avoided whenever practically possible, mains are to be looped where practical to do so. 

 

3.2 Water Quality Analysis 
The Town conducts routine water quality sampling of the water system and its water supply sources to 
determine compliance with WSDOH water quality standards, which implement both federal and state 
regulations. These standards are generally developed around water treatment technique requirements 
and water quality maximum contaminant levels (MCLs), which place upper limits on acceptable 
concentrations of a variety of potential water quality constituents and contaminants. Regulated 
constituents are divided into two general categories: 
 Primary contaminants regulated as compounds that pose known, established, and likely risks to 

human health 

 Secondary contaminants regulated according to aesthetic water quality concerns where there are 
otherwise no known adverse human health effects 

There are several classes of regulated water quality constituents, each with a unique regulatory 
framework detailing associated minimum water quality and monitoring requirements. These include: 
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 Bacteriological: fecal coliform and E. coli 

 Inorganic chemicals (IOCs) and physical parameters: antimony, arsenic, asbestos, barium, beryllium, 
cadmium, chromium, cyanide, fluoride, mercury, nickel, nitrate (as N), nitrite (as N), selenium, 
sodium, thallium, and turbidity regulated as primary contaminants; and chloride, color, hardness, 
iron, manganese, specific conductivity, silver, sulfate, total dissolved solids, and zinc regulated as 
secondary contaminants 

 Lead and copper 

 Disinfection by-products (DPBs) and disinfectant residuals: total trihalomethanes (TTHM); five 
regulated haloacetic acids (HAA5); bromate; chlorite; and disinfectant residual levels for chlorine, 
chloramines, and chlorine dioxide 

 Organic chemicals including volatile and synthetic organic chemicals (VOCs and SOCs): more than 
50 individual identified organic chemicals and groups of organic chemical types including alachlor, 
aldicarb, aldicarb sulfone, aldicarb sulfoxide, atrazine, benzene, benzo[a]pyrene, carbofuran, carbon 
tetrachloride, chlordane, dalapon, 2,4-D, di (2-ethylhexyl) adipate, di (2-ethylhexyl) phthalate, 
dibromochloropropane (DBCP), o-dichlorobenzene, para-dichlorobenzene, 1,2-dichloroethane, cis-
1,2-dichloroethylene, trans-1,2-dichloroethylene, dichloromethane, 1,2-dichloropropane, dinoseb, 
diquat, endothall, endrin, ethylbenzene, ethylene dibromide (EDB), gylphosate, heptachlor, 
heptachlor epoxide, hexachlorobenzene, hexachlorocyclopentadiene, lindane, methoxychlor, 
monochlorobenzene, oxamyl (vydate), pentachlorophenol, picloram, polychlorinated biphenyls (PCB), 
simazine, styrene, 2,3,7,8-TCDD (Dioxin), tetrachloroethylene, toluene, toxaphene, 2,4,5-TP (Silvex), 
1,2,4-trichlorobenzene, 1,1,1-trichloroethane, 1,1,2-trichloroethane, trichloroethylene, vinyl chloride, 
and xylene 

 Radionuclides: radium-226 and -228, gross alpha particle activity, beta particle and photon 
radioactivity, and uranium 

Water quality monitoring is conducted on a schedule that varies according to regulated compounds, 
parameters, and treatment approaches, and may include both source-of-supply and distribution system 
testing. Water systems are required to maintain a current monitoring plan that documents their sampling 
schedule. The current Town monitoring plan, including a Coliform Monitoring Plan and a 2012 Water 
Quality Monitoring Report, is included in Appendix I. 

Results of past water quality monitoring are detailed in this section to include water quality trends for 
source of supply and distribution system water quality. A discussion of anticipated future regulatory 
requirements relevant to source and distribution system water quality is also included. 

3.2.1 Recent Trends 

Over the past 10 years, two major water quality trends and related Town responses can be identified, 
one early in the decade, and another more recently. 

From 2001–04, the Town experienced a series of 11 analyte sampling results that exceeded primary or 
secondary MCLs, including results for TTHM, HAA5, color, iron, and manganese. TTHM and HAA5 levels 
were recorded at levels as high as 128 and 82 micrograms per liter (µg/L) compared to MCLs of 80 µg/L 
and 60 µg/L, respectively. Color was recorded at levels as high as 50 color units (CU) compared to an 
MCL of 15 CU. Iron and manganese were recorded at levels as high as 0.37 mg/L and 0.054 mg/L 
compared to MCLs of 0.30 mg/L and 0.050 mg/L, respectively. 

In response to these sample results and associated water quality challenges, the Town implemented 
operational changes at the water treatment plant. Process modifications included reducing pre-
chlorination to limit the formation of DBPs, and adding potassium permanganate at the front of the 
treatment process to oxidize iron, manganese, and organic compounds that contribute to color and DBP 



Friday Harbor Water System Plan Update Section 3

 

 3-5

Use of contents on this sheet is subject to the limitations specified at the end of this document. 
FH WSP Final.docx 

formation. These operational improvements were sufficient to avoid further exceedances until early 
2010. 

More recently, the Town experienced running annual averages (RAAs) for DBPs that approached or 
exceeded the primary MCLs for those compounds (up to 80.4 µg/L for TTHM and 44.9 µg/L for HAA5, 
compared to MCLs of 80 µg/L and 60 µg/L, respectively). In June 2011, the Town completed water 
treatment process upgrades and added a GAC adsorption/filtration system at the existing water 
treatment plant designed to remove DBP precursors and reduce DBP formation consistent with water 
quality regulatory requirements. The GAC system has effectively limited DBP formation and reduced DBP 
concentrations to levels well within the associated MCLs. 

3.2.2 Future Requirements 

State drinking water regulations, as codified in WAC 246-290 and enforced by WSDOH, incorporate 
federal and state water quality mandates. Federal standards are continually reviewed and updated, and 
as a result, state regulations are regularly updated to remain in compliance. New and forthcoming 
WSDOH regulations reflect new and changing EPA rules regarding surface water treatment, disinfection, 
public notification, radionuclides, lead, and copper. 

A number of additional new or anticipated federal drinking water regulations are likely to come into 
effect over the next 10 years. These regulations define new or additional water quality requirements for 
many contaminants found in drinking water, including arsenic, radon, methyl tertiary-butyl ether (MTBE), 
and aldicarb, as well as monitoring and reporting requirements, which may potentially affect the Town of 
Friday Harbor. Information and updates concerning these federal regulations can be found on the EPA 
Web site: www.epa.gov/safewater/regs.html. 

Specific new and future water quality regulations with potential to impact Friday Harbor include the Long-
Term 2 Enhanced Surface Water Treatment Rule (LT2ESWTR), and the Stage 2 Disinfectants and 
Disinfection By-Products Rule (Stage 2 DBPR). The LT2ESWTR is aimed at providing appropriate control, 
mitigation, and treatment for cryptosporidium that may be present in surface water supplies. The Stage 
2 DBPR targets tighter control on disinfectant levels and potential DBP formation in water systems. 

Long-Term 2 Enhanced Surface Water Treatment Rule 

The LT2ESWTR requires a period of rigorous water quality monitoring for E. Coli and cryptosporidium, to 
determine levels of each in raw water. The Town has conducted water quality monitoring of its Trout 
Lake source in the past for these microbial parameters, and was able to grandfather those data in lieu of 
conducting new tests. Based on the past monitoring results, no additional treatment to further control, 
remove, and/or inactivate cryptosporidium that could potentially be present in the Trout Lake water 
supply is required at this time. A second round of source water monitoring will be required under the rule 
in 2017. Should subsequent monitoring suggest the potential for higher levels of cryptosporidium in 
Trout Lake, additional control, treatment, and/or mitigation for cryptosporidium could be required. If 
subsequent monitoring results indicate that likely cryptosporidium levels remain low, no additional 
treatment would be required. 

Stage 2 Disinfectants and Disinfection By-Products Rule 

Consistent with DBP regulations, the Town conducts quarterly water quality monitoring at consistent 
locations within its distribution system. Under preexisting DBP regulations, DBP MCL compliance was 
based on the system RAA of quarterly concentrations for samples collected from locations around the 
system. Under the new Stage 2 DBPR, DBP MCL compliance is based on the locational running annual 
average (LRAA) for each individual sampling location, and not the RAA of the quarterly system averages. 
This creates more stringent controls on DPB levels in the distribution system, in which each individual 
location, and not the system averaged as a whole, must comply with MCL limits for TTHM and HAA5. 
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In order to determine appropriate Stage 2 DBPR water system monitoring locations, the Town recently 
completed and submitted to WSDOH an Initial Distribution System Evaluation (IDSE) report. Official 
monitoring under the Stage 2 DBPR will begin in 2013. 

Prior to the implementation of GAC treatment, routine water quality monitoring for DBPs, both TTHM and 
HAA5, had shown significant occurrences of both parameters at levels nearing or exceeding the MCLs. 
With the new GAC treatment system online, DBP levels have been greatly reduced and are now 
maintained at levels below the associated MCLs in keeping with associated water quality regulations. 

3.3 Water System Description and Analysis 
The objective of this section is to determine if existing system facilities have sufficient capacity to meet 
existing and projected demands as identified in Section 2. Demands applied in this section include both 
average and peak demands for current and future planning horizons. Demand projections and metrics 
are summarized in Table 2-14. 

3.3.1 Water Supply Sources 

As described in Section 1, raw water supply for the Town is obtained from Trout Lake, including water 
volumes collected within the Trout Lake watershed and supplemental flows from the AUG 1 and AUG 2 
seasonal stream diversions. 

Two factors have the potential to limit source-of-supply capacity: water rights, and sustainable annual 
withdrawal limits from Trout Lake. Table 3-2 presents annual source capacity based on each factor, and 
compares them to projected ADD. Table 3-3 translates this comparison into projected water supply 
deficiencies. 

As shown in Table 3-2, the annual sustainable raw water supply capacity of the Friday Harbor water 
sources is currently limited to an estimated 0.46 million gallons per day (mgd), compared to a 0.48 mgd 
ADD projection in 2032. This indicates that water demand growth within the 20-year planning horizon 
could bring the water system beyond its limit in terms of annual sustainable raw water supply capacity. 
As noted in the 1994 capacity analysis for Trout Lake, an approximate 7-foot increase in the dam and 
reservoir level could increase annual sustainable raw water supply capacity by about 37 MG/yr, or 
approximately 0.1 mgd on an equivalent average daily basis. This would increase overall annual 
sustainable raw water supply capacity to 205 MG/yr and 0.56 mgd, which would be adequate to meet 
projected 2032 ADD. Another potential option to increase sustainable water supply availability is 
seawater desalinization via reverse-osmosis treatment processes. Alternately, the Town can seek to 
further limit demand through further water conservation efforts and water use reductions. 

 
Table 3-2. Annual Raw Water Supply Capacity 

Capacity/projection 
Annual 

sustainable raw 
water supply 

Water right 
annual 

withdrawal limit 
ADD capacity (mgd) 0.46 1.32 

2011 baseline projection ADD (mgd) 0.33 

2018 projected ADD (mgd) 0.38 

2032 projected ADD (mgd) 0.48 
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Table 3-3. Annual Raw Water Supply Deficiencies 

Capacity/projection 
Annual 

sustainable raw 
water supply 

Water right 
annual 

withdrawal limit 
ADD capacity (mgd) 0.46 1.32 

2011 baseline projection deficiency (mgd) None None 

2018 projected deficiency (mgd) None None 

2032 projected deficiency (mgd) 0.02 None 

 

Water Source ERU Capacity 

Source capacity can be compared to demands on a per ERU basis to determine the maximum number of 
ERUs that can be served by existing source facilities: 
 ADD basis: Sustainable yield ADD of 0.46 mgd / 119 gpd/ERU = 3,866 ERUs 

 MDD basis: Peak capacity is not currently considered a limiting factor for the Trout Lake source, 
based on the following factors: 

 Trout Lake does not have an instantaneous water rights withdrawal limit. 

 Hydraulic capacity of the existing raw water pipeline from Trout Lake to the water treatment 
plant, estimated at over 800 gpm or 1.2 mgd, exceeds the treatment capacity of the plant. 

3.3.2 Water Treatment 

Raw water supplied from Trout Lake, AUG 1, and AUG 2 is treated at the Town water treatment plant 
prior to entering the distribution system. The water treatment plant currently employs conventional 
filtration, followed by GAC adsorption/ filtration, and a chlorine contact disinfection clearwell. Together 
these processes provide appropriate potable water treatment consistent with associated state and 
federal water quality and surface water supply treatment requirements. 

A simplified schematic of water treatment processes employed by the Town is included as Figure 3-1. 

 



Section 3 Friday Harbor Water System Plan Update

 

3-8 

Use of contents on this sheet is subject to the limitations specified at the end of this document. 
FH WSP Final.docx 

 
Figure 3-1. Schematic of treatment systems 

 

The plant is configured with three parallel contact clarifier and gravity filter treatment trains. Two of 
these filter treatment trains can typically be operated simultaneously with a third reserved for backup. 
However, during periods of peak demand all three filter trains can be operated simultaneously. Each 
filter unit has a surface area of approximately 96 square feet (sf). Town operations staff report normal 
and peak filter loading rates of 2.9 gpm/sf and 3.6 gpm/sf, respectively. This peak loading rate is 
consistent with the manufacturer’s recommendation of 350 gpm per unit. However, Town operators 
report that finished water quality is most easily maintained at optimal levels when flows are below 300 
gpm per filter. The filters deliver flow to twin GAC contactor process units via three pumps. The maximum 
throughput capacity for the GAC system is approximately 700 to 750 gpm, depending on series/parallel 
GAC contactor operational configuration, and GAC media differential head losses. 

The GAC process is followed by a chlorine contact clearwell, with a summertime/warm weather peak 
capacity of approximately 700 gpm. Chlorine disinfection effectiveness is predicated on hydraulic 
contact time, water temperature, pH, and chlorine application dosage, demand, and residuals. 
Disinfection effectiveness is reduced with decreasing temperature and chlorine dosage, decreasing 
hydraulic contact time and increasing process flows, and increasing water pH. Given this, more so than 
with other treatment processes, WTP chlorine contact disinfection capacity varies seasonally and with 
supply water conditions. During cold weather periods, chlorine contact disinfection capacity at the water 
treatment plant may decline below 700 gpm. Fortunately system water demands and WTP water supply 
rates are also typically reduced during cold weather periods. WTP operations staff actively track 
disinfection performance to ensure that adequate treatment is provided year round under all operating 
conditions. 

Approximate MDD unit process treatment capacities for the water treatment plant are summarized in 
Table 3-4 in terms of gpm and mgd. As shown in the table, the GAC filtration and chorine contact 
clearwell capacities could limit the overall WTP supply to approximately 1.01 mgd, relative to a 1.11 mgd 
projected MDD for 2032. Thus, water demand growth within the 20-year planning horizon could push the 
water system beyond its existing WTP MDD supply capacity. In order to increase WTP MDD supply 
capacity beyond current limits, GAC system and chlorine contact clearwell throughput capacity would 
need to be increased. GAC system capacity is hydraulically limited by the capacity of the three pumps 
that deliver water from the conventional filtration processes, through the GAC contactors, and on to the 
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clearwell. GAC system capacity can thus be incrementally increased by upsizing each of the three feed 
pumps. Clearwell capacity would be most effectively increased through construction of additional 
clearwell contact volume. 

Finished water pumping at the water treatment plant supplies water to the Town’s existing 207-foot zone 
via four pumps. The capacity of those pumps (with the largest pump out of service) is 1.30 mgd. 
Pumping capacity at the water treatment plant is therefore not considered the limiting factor for 
treatment capacity. Subsequent sections include detailed evaluations of pumping capacity throughout 
the Town water system. 

Projected water treatment capacity deficiencies are summarized in Table 3-5. 

 
Table 3-4. Peak Water Treatment Plant Supply Capacity/Requirements 

Capacity/projection 

Three filters at 
normal loading 

rate of 2.9 
gpm/sf 

Three filters 
at preferred 
peak of 3.1 

gpm/sf 

Two filters at 
nominal filter 

peak of 350 gpm 
(3.6 gpm/sf) 

GAC 
hydraulic 
loading at 
700 gpm 

Chlorine 
contact 

clearwell 

MDD capacity (mgd) 1.20 1.29 1.01 1.01 1.01 

2011 baseline projection MDD (mgd) 0.78 

2018 projected MDD (mgd) 0.88 

2032 projected MDD (mgd) 1.11 

 
Table 3-5. Peak Water Treatment Plant Supply Deficiencies 

Capacity/projection 

Three filters at 
normal loading 

rate of 2.9 
gpm/sf 

Three filters 
at preferred 
peak of 3.1 

gpm/sf 

Two filters at 
nominal 

filter peak of 
3.6 gpm/sf 

GAC 
hydraulic 
loading at 
700 gpm 

Chlorine 
contact 

clearwell 

MDD capacity (mgd) 1.20 1.29 1.01 1.01 1.01 

2011 baseline projection deficiency (mgd) None None None None None 

2018 projected deficiency (mgd) None None None None None 

2032 projected deficiency (mgd) None None 0.10 0.10 0.10 

 

Beyond capacity issues, other important considerations at the WTP include process equipment age and 
condition and water treatment chemical supply for chlorine disinfection systems. Both of these issues 
will likely require some attention in coming years. With the exception of the recently installed GAC 
treatment system processes, much of the core WTP process equipment is now approximately 20 years 
old, and some major components could be in need of significant maintenance/renewal or replacement 
in coming years. The WTP currently uses a chlorine gas based disinfection system, and requirements for 
secure transportation of chlorine gas cylinders to the island are growing increasingly complex and 
challenging. 
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Water Treatment ERU Capacity 

Because the WTP filters, GAC contactors, and intervening feed pumps have a number of potentially 
viable operating regimes, the chlorine contact clearwell is considered the limiting factor for treatment 
capacity: 
 ADD basis: ADD is not considered the limiting factor for treatment capacity. 

 MDD basis: Full capacity MDD 1.01 mgd / 278 gpd/ERU = 3,633 ERUs 

3.3.3 Water Storage 

The Friday Harbor water system maintains direct gravity storage facilities for each of its existing pressure 
zones, with the exception of the 327-foot zone. Pressure zone descriptions, tank capacities, and tank 
physical characteristics are summarized in Section 1. 

Due to the water system configuration, two different analyses are useful for assessing system storage: 
an overall system analysis, and a 460-foot zone analysis. 

An overall system analysis is appropriate due to the relationships between the various pressure zones. 
The 207-, 232-, and 327-foot pressure zones are strongly interrelated through dedicated pump stations 
equipped with backup power generation. The existing 207-foot zone has only a limited number of 
connections, such that the 207-foot tank currently serves primarily as storage for finished water prior to 
pumping into the 232- and 327-foot zones. The 232-foot zone storage provides water to users in the 
232-foot zone, and serves as a source for pumping into the 460-foot pressure zone. Storage for the 327-
foot zone, which has no tank, is provided in the 207- and 232-foot zones, and is available via pumping 
(including a pump capable of providing fire flow) with installed backup power. Because of these 
operational relationships, and redundancy provided by backup power installations, these zones are most 
usefully evaluated together relative to total storage requirements. 

The 460-foot zone does, however, operate more independently and on a less interrelated basis than the 
other pressure zones, and maintains its own dedicated storage volumes. Therefore, the 460-foot zone is 
also evaluated for storage capacity separately from the rest of the system. 

As detailed in Table 3-1, the various components of system water storage are as follows: 
 Operational storage (OS): The volume contained between pump on and pump off levels. 

 Equalizing storage (ES): The volume necessary to supply diurnal demands that exceed the overall 
daily average demand as available from sources of supply. 

 Standby storage (SB): The volume reserved for emergency storage. 

 Fire suppression storage (FSS): The volume reserved for supplying fire flows. 

 Dead storage (DS): The volume necessary to maintain 20-pound-per-square-inch (psi) minimum 
system service pressures. 

Required storage components are calculated according to demand projections as summarized in Section 
2, and the level-of-service criteria described in Table 3-1. Total storage requirements are calculated as 
the sum of component volumes. Based on pumping and water service elevation configurations in the 
water system, there is no DS associated with the various tanks. Estimated water storage volume 
requirements for the overall system are summarized in Table 3-6. 
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Table 3-6. Entire Water System Storage Requirements 

Capacity projection 
Operating 

storage (MG)a 
Equalizing 

storage (MG)b 
Fire suppression 

storage (MG)c 
Standby 

storage (MG)d 
Total storage 

required (MG)e 

2011 baseline projection 0.34 0.06 0.135 0.67 1.20 

2018 projected system 0.34 0.07 0.165 0.75 1.32 

2032 projected system 0.34 0.08 0.165 0.95 1.54 

a. Operating storage is quantified as the volume of water depleted before pumps are called to refill the tank. OS for the 207 ft 
tank is 0.125 MG, for the 232 ft tank is 0.2 MG, and for the 460 ft tank is 0.015 MG, for a total of 0.34 MG. 

b. Equalizing storage is calculated as (PHD – MDD)(150 min). 

c. Fire suppression storage is based on fire flow requirements documented in Table 3-1. Current FSS is 1,000 gpm x 60 min for 
each of the 232 and 327 zones, and 500 gpm x 30 min for the 460 zone. Future projections assume multifamily 
developments served by the 460 zone, and a resulting FSS escalation to 750 gpm x 60 min. 

d. Standby storage is calculated as ADD x 2 days. 

e. The total storage requirement assumes no nesting of fire suppression and standby storage components. 

 

The water system currently includes approximately 1.55 MG of water storage capacity, which exceeds 
the storage requirements for the existing system and future projections, as presented in Table 3-7. 

 
Table 3-7. Entire Water System Storage Deficiencies 

Capacity projection 
Current 

volume (MG) 
System 

requirement (MG) 
Projected 

deficiency (MG) 

2011 baseline projection 1.55 1.20 None 

2018 projected system 1.55 1.32 None 

2032 projected system 1.55 1.54 None 

 

Because the 460-foot zone is the most hydraulically remote zone in the water system and is supplied by 
a pump station without backup power generation, the zone is assessed for storage requirements 
separately, as presented in Table 3-8. 

 
Table 3-8. 460 Zone Storage Requirements 

Capacity projection 
Operating 

storage (MG) 
Equalizing 

storage (MG) 
Fire suppression 

storage (MG)a 
Standby 

storage (MG) 
Total storage 

required (MG)b 

2011 baseline projection 0.015 0.008 0.015 0.030 0.068 

2018 projected 460 zone 0.015 0.009 0.045 0.033 0.102 

2032 projected 460 zone 0.015 0.010 0.045 0.042 0.112 

a. Fire suppression storage is projected to increase based on multifamily construction in the proposed Friday Cove and 
Finnegan Ridge developments, increasing fire flow requirements from single family to multifamily. 

b. Total storage requirement assumes no nesting of fire suppression and standby storage components. 

 

The 460-foot tank has a theoretical capacity based on tank dimensions of approximately 0.057 MG. 
Current level settings result in an operational capacity of 0.049 MG, which is less than the current and 
projected storage requirements, as presented in Table 3-9 (assuming no nesting of fire suppression and 
standby storage components). 
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Table 3-9. 460 Zone Storage Deficiencies 

Capacity projection 
Current 

volume (MG) 
System 

requirement (MG) 
Projected 

deficiency (MG) 

2011 baseline projection 0.049 0.068 0.019 

2018 projected 460 zone 0.049 0.102 0.053 

2032 projected 460 zone 0.049 0.112 0.063 

 

A recent study completed by the Town for possible expansion of areas served by the 460-foot tank noted 
the need for additional storage capacity to accommodate current needs and future growth. An additional 
storage tank similar in size or larger than the existing 460-foot tank is recommended for construction 
adjacent to the existing tank. To meet future demands through the planning period, construction of a 
70,000-gallon tank is documented in the improvement program. 

Storage ERU Capacity 

The operating storage component is essentially fixed relative to growth, being based on tank operating 
regimes. ES and SB, however, are projected to increase with demand growth and with the introduction of 
new building types with elevated fire flow requirements in the 460-foot zone. 

System storage capacity in terms of ERUs was determined by comparing projected requirements to 
available capacity. Projected water demands for 2032 (3,986 ERUs) result in storage requirements 
slightly below existing storage capacity. ERUs and associated storage requirements would be projected 
to exceed available storage capacity slightly above 3,986 ERUs and shortly after 2032. 

3.3.4 Water Transmission 

The Friday Harbor water system relies on gravity flow through raw water mains to deliver water from 
Trout Lake to the water treatment plant. The estimated current capacity of the raw water transmission 
main from Trout Lake exceeds 1.2 mgd. Water system improvements currently under consideration 
include replacement of this raw water main. Under current replacement scenarios the estimated 
capacity would be increased to upwards of 2.2 mgd. The capacity of this raw water main is not 
considered to be a limiting factor for water supply in either the current or future improvement scenario, 
relative to source of supply and water treatment capacity limitations. 

The water system also relies on pumping to deliver water from the water treatment plant to the 207-foot 
pressure zone, and to lift water from the 207-foot tank into the 232- and 327-foot pressure zones. The 
232-foot pressure zone also supplies the 460-foot pressure zone via a pump station. 

Water transmission capacity is evaluated relative to the ability of each pump station to support the 
projected peak water demands of downstream pressure zones. Based on this approach, the WTP to 207-
foot pressure zone pumps need to have sufficient capacity to support the projected MDDs of the entire 
system. Similarly, the 207- to 232-foot pressure zone pumps would need to have sufficient capacity to 
support the projected MDDs of the 232- and 460-foot pressure zones. Given the lack of direct gravity 
storage in the 327-foot pressure zone, the 207- to 327-foot pressure zone pumps need to have 
sufficient capacity to support the projected peak hour water demands and fire flow requirements of the 
327-foot pressure zone. 

A comparison between estimated pumping demands and existing pump station capacities is presented 
in Table 3-10. Corresponding pump station deficiencies are also indicated. As noted in Table 3-1, the 
Town’s level-of-service criteria require that pump station capacities be calculated assuming that the 
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largest pump is out of service for MDD scenarios, and for PHD and fire flow scenarios if no gravity 
storage is provided in a given zone. 

 
Table 3-10. Pump Station Supply Capacity and Projected Deficiencies 

Category Demand type 
Pumping 

capacity (mgd)a 
Pumping 

demands (mgd) 
Projected 

deficiency (mgd) 

2011 demands 

WTP to 207 ft pressure zone System MDD 1.30 0.78 None 

207 to 232 ft pressure zone 232/460 MDD 1.01 0.71 None 

207 to 327 ft pressure zone 327 PHD + FFb 0.22 0.16 None 

232 to 460 ft pressure zone 460 MDD 0.17 0.03 None 

2018 demands 

WTP to 207 ft pressure zone System MDD 1.30 0.88 None 

207 to 232 ft pressure zone 232/460 MDD 1.01 0.79 None 

207 to 327 ft pressure zone 327 PHD + FFb 0.22 0.18 None 

232 to 460 ft pressure zone 460 MDD 0.17 0.04 None 

2032 demands 

WTP to 207 ft pressure zone System MDD 1.30 1.11 None 

207 to 232 ft pressure zone 232/460 MDD 1.01 1.01 At capacity 

207 to 327 ft pressure zone 327 PHD + FFb 0.22 0.21 None 

232 to 460 ft pressure zone 460 MDD 0.17 0.05 None 

a. Pumping capacity shown assumes the largest pump out of service. 

b. A 1,000 gpm pump serves the 327 ft zone. This pump is assumed to provide fire flow, and is sufficient for that 
purpose. PHD can be provided exclusive of this pump by either of the two smaller 150 gpm pumps operating 
individually. 

 

Pumping demands for each pressure zone were developed based on number of connections in each 
zone, from which current and future ERU and demand distributions between pressure zones were 
estimated. Most pump stations have capacity in excess of projected demands for 2032 when operating 
with the largest pump out of service. The 207- to 232-foot pump station is projected to reach its capacity 
in 2032. However, this capacity limit is based on projected demands that exceed current treatment 
capacity. Future changes to the water system configuration, including potential future source and 
treatment alternatives (i.e., alternate future sources of water supply), may mitigate this projected deficit. 
Planned water supply pipeline improvements as described in subsequent sections would also mitigate 
this deficiency by altering the nature of connections between tanks and pressure zones in the vicinity of 
the 207-foot tank, such that the 232-foot pressure zone would receive direct hydraulic supply and would 
no longer depend on the 207- to 232-foot pump station for supply. 

Water Transmission ERU Capacity 

Water system transmission capacity is currently limited by the two largest and most critical pump 
stations: the WTP to 207-foot pump station and the 207- to 232-foot pump station. The ERU capacity for 
the system based on the capacity of each pump station is presented below. The 207- to 232-foot pump 
station currently serves approximately 91 percent of the water system ERUs, and is evaluated relative to 
that metric (i.e., the ERUs listed are the total water system ERUs that can be served if the 207- to 232-
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foot pump station continues to serve 91 percent of water demands). Firm capacity refers to the largest 
pump out of service. 
 WTP to 207-foot pump station: Firm capacity MDD 1.3 mgd / 278 gpd/ERU = 4,676 ERUs 

 207- to 232-foot pump station: Firm capacity MDD 1.01 mgd / 278 gpd/ERU / 0.91 = 3,992 ERUs 

3.3.5 Water Supply Pipelines 

An existing 5-mile pipeline system conveys water to the Town water system from its existing water supply 
sources at Trout Lake. The first section of pipeline conveys raw water from Trout Lake to the water 
treatment plant, while the second section conveys finished water from the water treatment plant to the 
270-foot tank, which in turn supplies the 232- and 327-foot zones and the rest of the system via 
associated pump stations. 

The Town has identified risks associated with the existing pipeline. A substantial portion of the pipeline is 
AC main that is nearing the end of its useful service life expectancy. Sections of the pipeline are 
supported above ground crossing steep and forested terrain and could be subject to catastrophic tree 
fall damage. In addition, much of the pipeline is difficult to access for operations and maintenance 
(O&M) or repair. 

Level-of-service considerations also exist. Finished water flow is delivered to 23 existing customer 
connections from the finished water pipeline along San Juan Valley Road. At the time the Town agreed to 
supply water to such customers, it made no commitment to deliver water at any minimum service 
pressure. Some customers have consequently installed their own booster pumps to improve their water 
service pressures. 

WSDOH regulations, however, require that customers be provided water at a minimum of 30 psi at the 
connection to the public water supply distribution pipeline under all normal operating conditions. 
Hydraulic analysis of the finished water pipeline suggests that 30 psi minimum pressure may not be 
maintained under some normal service conditions. 

Additionally, given the limitations of the WTP chlorine contact clearwell, maintaining adequate 
disinfection levels for some customers served from the finished water pipeline could be challenging 
under certain operating conditions. 

To reduce the risks of failure and to address level-of-service considerations for customers with 
connections to the water supply pipeline, the Town has assessed alternatives for pipeline replacement, 
selected preferred alternatives, and developed a preliminary design for the pipeline improvements. 
Specific improvements are described in subsequent sections. 

3.3.6 Water Distribution 

The Friday Harbor water distribution system consists of a collection of water mains that are designed to 
convey both domestic water demands and fire flows. Distribution system capacity is typically evaluated 
with the aid of computer hydraulic models. A preexisting EPANET hydraulic model of the Town water 
system was imported into the hydraulic modeling program WaterGEMS version 8i, then updated, 
enhanced, and translated from a skeletonized representation of the water system to a more detailed 
representation using available Town system mapping. 

The WaterGEMS program calculates service pressures and water flows in pipes throughout the system 
subject to system input data including expected water demands and operational constraints. Input data 
include pipe lengths, sizes, roughness coefficients, ground elevations, tank information, pump 
information, PRV parameters, and system demand values. 

The Town water system was modeled using a steady-state analysis, which examines a snapshot of the 
system at a moment in time (e.g., during PHD or under MDD at the end of a fire event) to evaluate water 
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system performance against desired levels of service. The levels of service adopted by the Town are 
based on regulatory standards for minimum system service pressures: 30 psi minimum pressure under 
PHD conditions, and 20 psi minimum pressure under MDD conditions plus a fire flow event. 

The model is used to evaluate the water system under the scenarios described to ensure appropriately 
sized water mains and adequate system pressures. Low system pressures can result from undersized 
water mains, which can limit the ability of the water system to meet pressure levels of service under 
projected system water demands. Other factors, including pressure zone boundaries, dead-end mains, 
pump and tank locations and performance, transient/surge conditions, and water system demands, can 
also affect system operating pressures. 

3.3.7 Water Distribution System Hydraulic Model 

The following sections describe activities associated with water system hydraulic model calibration and 
analysis. 

Hydraulic Model Calibration 

Once the original Town EPANET distribution system model data were transferred to the WaterGEMS 
modeling platform and updated to more accurately reflect the existing physical piping network and utility 
infrastructure, the hydraulic model results were compared to actual system field tests as recorded over 
time with system field testing that has been performed by Town water utility staff. A series of model 
calibration iterations, including trial runs, adjustments, and corrections, were completed until model 
output simulated actual system performance to a reasonable degree. Verifications and adjustments 
included pump curves and status, tank levels, pipe roughness coefficients, PRV settings, and service 
elevations. Adjustments were made until a satisfactory model fit was achieved. Results of the model 
calibration effort comparing model output to actual field water system performance are presented in 
Table 3-11. 

 
Table 3-11. Hydraulic Model Calibration 

Test Test location 
207 to 232  

pump  
status 

Model 
node 

Field 
static 

pressure 
(psi) 

Model 
static 

pressure 
(psi) 

Model 
results 

variance 

Field 
residual 
pressure 

(psi) 

Model 
residual 
pressure 

(psi) 

Model 
results 

variance 

1 Grover Street Off 83 41 45 +10% 35 33 -6% 

2 Linder Street Off J-218 55 48 -13% 33 36 +9% 

3 Argyle/Mullis Active J-173 80 73 -9% 48 49 +2% 

4 Rose Lane Off 87 60 58 -3% 45 42 -7% 

5 Mullis Street Active J-45 55 57 +4% 40 44 +10% 

6 University Road Active J-221 48 43 -10% 25 25 0% 

7 Front Street Active 13 87 85 -2% 78 73 -6% 

8 West Street Off 104 69 66 -4% 40 42 +5% 

9 Spring Street Off J-226 68 65 -4% 55 52 -5% 

10 Market Street Active J-50 57 56 -2% 55 50 -9% 

11 East of Marguerite on Spring Off J-224 36 32 -11% 26 25 -4% 

12 Grover/Hunt Street Active 72 50 45 -10% 44 37 -16% 
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The model calibration nodes and locations are presented in Figure 3-2 (in red). 

 

 
Figure 3-2. Calibration test locations 

 

As summarized in Table 3-11, the model calibration results demonstrate reasonable agreement overall 
with field test results. Where results differ, the model generally suggests more conservative results and 
system performance (i.e., lower pressures) than were observed in the field. Differences between 
modeled and field test results may result from remaining inaccuracies in the model or 
unknown/different field conditions as compared to modeled system operations. As the Town hydraulic 
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model continues to develop through future use and analyses, additional calibration efforts are 
recommended to further improve model accuracy. 

Hydraulic Model Analysis 

Hydraulic model system analyses were conducted for six scenarios, as documented in Table 3-12, to 
assess normal and potential water system operations exclusive of potential momentary transient/surge 
conditions. Modeling analyses were conducted using an earlier set of projected water demands for 
2010, 2016, and 2030, using recent water demands through 2009 as a projection baseline. Lower 
water system demands in 2010 and 2011 have reduced projected water demands. The water demand 
projections used for modeling scenarios for 2010, 2016, and 2030 were each about 8 percent higher 
than current demand projection for 2012, 2018, and 2032 respectively and are thus slightly 
conservative relative to current demand levels, and projected demands for the 6- and 20-year planning 
horizons through 2018 and 2032. 

 
Table 3-12. Hydraulic Model Scenarios 

Scenario System improvements System demandsa System settings Fire flow analysis 

2010 PHD 
Existing system 

Projected 2010 PHD 

Tank level draw 
downs based on 
storage calculations 
specific to year and 
demand alternative. 

WTP pumps and 
distribution system 
pumps active for all 
scenarios. 

Fire flow availability 
assessed at all model 
nodes individually in 
addition to MDD system 
demands. Fire flow of 500 
gpm residential, 750 gpm 
for nodes identified as 
serving commercial and 
multifamily zoned areas, 
and 1,000 gpm for nodes 
identified as serving 
industrial, manufacturing, 
or utility zoned areas. 

2010 MDD-FF Projected 2010 MDD 

2016 PHD Proposed CIP improvements: 

• Transmission main upgrades from WTP 
to Town, including modifications to 
control valves prior to the 207 ft tank 

• PRV and pipeline to serve new 327 ft 
zone around proposed Friday Cove and 
Finnegan Ridge developments 

• New piping and revised zone 
boundaries to serve “Southern Cross” 
area from the existing 327 ft zone 

Projected 2016 PHD 

2016 MDD-FF Projected 2016 MDD 

2030 PHD Projected 2030 PHD 

2030 MDD-FF Projected 2030 MDD 

a. Demand alternatives were applied to the model in the following way: a base distribution based on recent annual water use for each 
parcel was developed, with parcel demands applied to the nearest model node. Future projected demands were then applied 
consistent with that base distribution. 

 

Demands were distributed according to historical water use billing data from a recent typical water use 
year. Total water use associated with each parcel was applied to the nearest hydraulic model node. 
Demands were scaled for future projections consistent with the historical demand distribution. Demand 
distributions are documented in Figure 3-3. A limited number of nodes were added for system 
improvements after demands were distributed in the model. Those nodes are excluded from the demand 
distribution. 
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Figure 3-3. Water system demand allocations 

 

Initial tank levels were determined for each scenario based on storage calculations and required storage 
depletion for MDD plus FF and PHD scenarios, respectively. Tank level settings are documented in Table 
3-13. 

 
Table 3-13. Hydraulic Model Tank Drawdown Levels 

Tank 
Total 

capacity 
(MG)a 

2010b 2016b 2030b 

PHD 
(MG) 

MDD + FF 
(MG) 

PHD 
(MG) 

MDD + FF 
(MG) 

PHD 
(MG) 

MDD + FF 
(MG) 

207 ft tank 0.5 0.060 0.030 0.070 0.035 0.090 0.045 

232 ft tank 1.0 0.060 0.150 0.070 0.155 0.090 0.165 

Existing 460 ft tank 0.057 0.015 0.015 0.015 0.023 0.015 0.023 

Proposed 460 ft tankc 0.057   0.015 0.023 0.015 0.023 

a. The 460 ft tank has physical dimensions for a capacity of about 57,000 gallons; however, the tank is not 
currently typically operated to utilize that full capacity. The full capacity was used for this analysis. 

b. For MDD plus FF scenarios, ES and FSS are assumed to be depleted. For PHD scenarios, ES and a 
portion of OS equal to ES (or at least 2 x ES total) are assumed to be depleted. 

c. A second 460 ft tank matching or exceeding the capacity of the existing tank has been recommended by 
past studies, and is recommended in this WSP. 
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Fire flow requirements were identified for each model node according to available zoning maps, and 
corresponding fire flow needs. Fire flow requirements are identified in Figure 3-4. For some nodes with 
no service connections, or where no hydrant exists (such as off of 2-inch spur mains), no fire flow was 
modeled. These nodes are orange in the figure. Single-family areas (500 gpm fire flow requirement) are 
indicated by yellow nodes. Multifamily or commercial areas (750 gpm fire flow requirement) are 
indicated by green nodes. Industrial, manufacturing, and utility areas (1,000 fire flow gpm requirement) 
are indicated by magenta nodes. 

 

 
Figure 3-4. Fire flow nodes 

Orange = 0 gpm “no fire flow service”; yellow = 500 gpm “single family”; green = 750 gpm “multifamily or commercial”;  
magenta = 1,000 gpm “industrial, manufacturing, or utility”. 
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Water distribution system pipe diameters are shown in Figure 3-5. Pipes associated with proposed future 
improvements in the northern portion of the 232-foot zone are shown in gray. The proposed 460-foot 
tank is also shown in gray. Design of water supply pipeline improvements between the water treatment 
plant and the Town includes revisions to pressure zone boundaries and water supply routing in the 
vicinity of the 207-foot tank. Rather than routing all water supply flow to the Town through the 207-foot 
tank, planned system updates will establish a direct hydraulic supply connection from the water supply 
pipeline to the 232-foot zone, allowing the existing 207- to 232-foot pump station to be bypassed. New 
PRV, pressure-sustaining valve, and altitude valve installations are also planned to maintain minimum 
pressures and supply for customers along the water supply pipeline, and in areas to the east of the 
airport. The upgraded water supply pipeline will be connected to supply the existing 232-foot pressure 
zone piping via a pressure-sustaining valve that will function to maintain a nominal HGL of 240 feet or 
above in the water supply pipeline. Water supply to the 207-foot tank will be provided via an altitude 
valve connection to the upgraded water supply pipeline. To maintain water supply pipeline pressures 
during periods when the WTP pumps may not be operating, a secondary PRV connection is planned that 
will allow the pipeline to be supplied from the existing 327-foot zone. Each of these improvements is 
included in the model for assessment of 2016 and 2030 system performance. 
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Figure 3-5. Model pipe diameters 

 

Modeling results for PHD and MDD plus fire flow simulations are summarized in Table 3-14. 
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Table 3-14. Summary of Hydraulic Modeling Results 

Scenario Deficiencies Comments 

2010 PHD 
Two borderline 
deficient (≤ 30 

psi) nodes under 
2016 and 2030 

PHD 

• Service pressures range from 26 psi at high point of 327 ft zone to 159 psi at 
lowest point in 460 ft zone. High service pressures above 80 psi are present in 
certain lower-elevation areas of the 232- and 460-foot zones. 

• 327 ft zone: Jennifer Place north of Charles Place experiences 26 psi under 
2030 PHD. 

• 232 ft zone: Intersection of Nelson Street and Maple Street experiences 30 psi 
under 2030 PHD. 

• Maximum flow velocity is 4.6 fps. 

2016 PHD 

2030 PHD 

2010 MDD-FF 

Nine areas have 
challenges 

meeting required 
fire flow under 

2016 and 2030 
MDD + FF 

Areas of deficient fire flow include: 

• Trailer park area off of Roche Harbor Road. Due to small-diameter mains and 
high elevations. (380–435 gpm available, 750 gpm required) 

• UW Friday Harbor Laboratories. Due to small-diameter mains and dead-end 
water main length. (504 gpm available, 750 gpm required) 

• Dead-end main off Salmonberry Road, north of the 232 ft tank. Due to small-
diameter dead-end main. (482 gpm available, 500 gpm required) 

• Jennifer Place north of Charles Place in 327 ft zone. Due to high elevation. (458 
gpm available, 500 gpm required) 

• Vicinity of Skagit Valley College, east of airport. Due to small-diameter mains. 
(720–740 gpm available, 1,000 gpm required) 

• Vicinity of Warbass Way and Harrison Street meeting Turn Point Road. Due to 
small-diameter mains and multifamily fire flow requirements. (727–743 gpm, 
750 gpm required) 

• Vicinity of marina and shipyard on Turn Point Road. Due to small-diameter 
mains and commercial fire flow requirements. (700 gpm available, 750 gpm 
required) 

• Carter Beach Road off of Turn Point Road. Due to small-diameter mains and 
dead-end water main length. (470–480 gpm available, 500 gpm required) 

• Vicinity of proposed Finnegan Ridge and Friday Cove developments. Due to high 
elevation. (560–608 gpm available for existing connections, 750 gpm required) 

2016 MDD-FF 

2030 MDD-FF 

 

Model runs for projected 2010, 2016, and 2030 PHD scenarios resulted in limited identified distribution 
system deficiencies. The color-coded pressure results of a model run using 2030 PHD demands and no 
new improvements are shown in Figure 3-6, and are representative of the three PHD scenarios. 
Pressures for service nodes (excluding those at tanks, wells, or other non-service locations) range from 
26 to 159 psi in this scenario. Most nodes experience pressure in the ranges of 30 to 80 psi. 

Orange nodes representing less than 20 psi in the northern part of the 460-foot zone have no service 
connections at those locations (area is served by the pumped 460-foot-plus zone). Yellow and magenta 
nodes represent pressures exceeding 80 and 100 psi respectively in lower-elevation areas of the 460-
foot zone, and in areas of the 232-foot zone near sea level. These are the only areas of the water system 
to experience pressures exceeding 80 psi. Orange and light blue nodes in the proposed Finnegan Ridge 
development do not currently provide water service; new higher-pressure water service via PRV from the 
460-foot zone has been identified as a provision for development to proceed in this area. Light blue 
nodes in the 232- and 327-foot zones are high-elevation areas, identified in Table 3-14. 
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Figure 3-6. 2030 PHD scenario, with no improvements 

 

Model runs for projected 2010, 2016, and 2030 MDD plus fire flow scenarios resulted in identified 
distribution system deficiencies in a number of areas across the water system. Deficiencies are 
summarized in Table 3-14. Fire flow deficiencies are generally consistent among the three scenarios, 
and are shown in Figure 3-7. Refer to the hydraulic model output tables in Appendix J for details of 
specific fire flow deficiencies. 
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Figure 3-7. 2030 MDD + FF scenario, with no improvements 

 

In addition to pressure- and flow-related fire flow deficiencies, several locations east of the airport would 
experience flow velocities higher than 10 feet per second (fps) to meet their required fire flows. Specific 
distribution system improvements to address deficiencies noted in this analysis are described in 
subsequent sections. 
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3.3.8 Water System ERU Capacity 

Table 3-15 summarizes system ERU capacities based on the calculations presented in preceding 
sections. Currently WTP capacity appears to be the limiting factor for overall water system capacity. 

 
Table 3-15. Water System ERU Capacity 

Existing system components Basis ERU capacity 

Source Sustainable yield ADD 3,866 

Treatment Chlorine contact well MDD 3,633 

Storage System storage capacity 3,986 

Transmissiona 207 to 232 ft pump station capacity 3,992 

Distribution n/a No definable limit 

Water system ERU capacity Limited by WTP capacity 3,633 

a. Changes envisioned. 

 

3.4 System Improvement Needs 
The following sections outline proposed source, water treatment, storage, and distribution system 
improvements. System improvement needs are identified for a 20-year projection period. The need for 
improvements beyond 2032 can be better assessed in the future. 

3.4.1 Water Supply Sources 

Current approved water supply sources have a sustainable annual yield that is adequate to supply 
projected ADD until 2029. If water system demand growth develops consistent with projections, the 
Town should begin to explore potential source-of-supply modifications at the Trout Lake reservoir or 
alternative water supply development no later than 2025. Options to expand the Town source of supply 
could include: 
 Modifications to Trout Lake Dam to increase storage capacity and annual sustainable yield from the 

Trout Lake water supply. A 1994 KCM report indicated that a 7-foot increase in dam elevation was 
feasible. 

 Development of alternative sources of water supply. Alternative sources could include new surface 
water or groundwater sources, which could require new water rights and/or source and treatment 
facilities, or seawater sources requiring advanced desalination treatment. 

Time frame: Begin exploring by 2025, projected to reach capacity in 2029. 

3.4.2 Water Treatment 

The Town water treatment plant is projected to reach its rated capacity in 2027 and associated 
equipment and systems are aging. The limiting elements in terms of treatment system capacity are the 
chlorine contact clearwell and finished water pumping capacity. Beginning no later than 2023, the Town 
should explore modifications and upgrades to the water treatment plant to refresh/replace aging 
equipment as appropriate and expand capacity to meet future water demands. Alternatively, 
development of an alternative water supply as described above could avoid the need for WTP capacity 
upgrades. 

The WTP currently uses a chlorine gas disinfection system. Requirements for secure transportation of 
chlorine gas cylinders to the island are growing increasingly complex and challenging, and the Town 
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wishes to explore alternative chlorine disinfection approaches, as have been similarly implemented 
recently at the Town wastewater treatment facilities. 

Proposed CIP activities include: 
 Exploration of possible modifications to the existing Town water treatment plant to increase 

treatment capacity and replace aging process equipment as appropriate. Capacity-limiting processes 
include the chlorine contact clearwell and finished water pumping, although other processes could 
also be targeted for capacity enhancement as part of WTP upgrades. 

 Exploration of alternative chlorine disinfection approaches for the WTP to replace the existing 
chlorine gas based disinfection system. 

Time frame: Begin exploring WTP capacity and equipment renewal/replacement needs by 2023; the 
WTP is projected to reach capacity in 2027. Evaluate options to replace the chlorine gas disinfection 
system with an alternate chlorine disinfectant immediately. 

3.4.3 Water Storage 

Overall Town water storage capacity is generally sufficient to meet projected needs during the 20-year 
planning period. A zone-specific storage deficiency has been identified for the 460-foot zone. Consistent 
with the findings of previous studies, additional storage should be constructed in the 460-foot zone in 
the immediate future. Proposed storage improvements include: 

 Construction of a new 460-foot zone storage tank adjacent to the existing tank with a 70,000-gallon 
recommended capacity. Alternatively, construct a new 125,000-gallon replacement tank. 

Time frame: Begin predesign activities immediately; 460-foot zone storage capacity is already deficient. 

3.4.4 Water Transmission 

The Town water system has sufficient transmission and pumping capacity to meet projected water 
demands throughout the 20-year planning period. The 207- to 232-foot zone pump station is projected 
to reach capacity in 2032. Beginning in 2029, the Town may need to explore capacity upgrades to that 
pump station, noting that alternative approaches to solving projected water source and water treatment 
deficits could avert the need for a transmission capacity upgrade. Additionally, the water supply pipeline 
improvements described in subsequent sections may also mitigate this projected deficiency by altering 
the nature of connections between tanks and pressure zones in the vicinity of the 207-foot tank, such 
that the 232-foot pressure zone would receive direct hydraulic supply and would no longer depend on 
the 207- to 232-foot pump station for supply. 

Because of the time frame for this potential deficiency, and because other considerations may mitigate it 
in the meantime, no specific actions related to the deficiency are proposed. 

3.4.5 Water Supply Pipelines 

The Town has identified risks associated with its existing water supply pipelines. A substantial portion of 
the pipeline is AC main that is nearing the end of its useful service life expectancy. Sections of the raw 
water supply portions of the pipeline are supported above ground, crossing steep and forested terrain, 
and could be subject to catastrophic tree fall damage. In addition, much of the pipeline is difficult to 
access for O&M or repair. 

Level-of-service considerations also exist. Finished water flow is delivered to 23 existing customer 
connections from the finished water pipeline along San Juan Valley Road. Minimum 30 psi service 
pressures may not be maintained for these customers under all conditions. Additionally, given the 
limitations of the WTP chlorine contact clearwell, maintaining adequate disinfection levels for some 
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customers served from the finished water pipeline may be challenging under certain operating 
conditions. 

To reduce the risks of water supply pipeline failures and to address level-of-service considerations for 
customers with service connections along the water supply pipeline alignment, the Town has assessed 
alternatives for pipeline replacement, selected preferred alternatives, and developed a preliminary 
design for improvements. Specific improvements would include: 
 Approximately 19,700 LF of 12-inch-diameter water main 

 Approximately 4,740 LF of 12-inch-diameter high-density polyethylene (HDPE) water main 

 Several valve replacements 
 An altitude valve supply connection into the existing 207-foot tank 

 A direct supply connection to the existing 232-foot pressure zone via a pressure-sustaining valve 
configured to maintain a 240-foot plus HGL in the water supply pipeline and allowing the existing 
207- to 232-foot pump station to be bypassed 

 A PRV connection from the existing 327-foot pressure zone to maintain pressures in the water 
supply pipeline during periods when the WTP pumps may not be operating 

 Service adjustments, including a potential dedicated chlorine contact pipe chamber and second 
smaller-diameter feed line, to ensure that adequate chlorine disinfection levels are well maintained 
for customers near the water treatment plant along the finished water pipeline alignment. 

 Environmental mitigation related to wetlands 

 The pipeline improvements are divided into two sections, as identified in Section 8. 

Time frame: Construction in 2015–17, subject to funding availability. 

3.4.6 Water Distribution 

System hydraulic modeling suggests that some areas of the Town water distribution system could be 
deficient in their ability to maintain required 30 psi minimum service pressures under PHD conditions 
and 20 psi minimum service pressures under MDD plus fire flow conditions. Proposed improvements to 
address noted deficiencies are presented in Table 3-16. Improvements include construction of piping 
and PRV improvements to improve distribution system capacity in two areas: the north end of the 232-
foot zone, and the vicinity of the airport and Skagit Valley College. 

Time frame: Begin exploring improvements during 6-year planning period; areas noted are currently 
deficient. 
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Table 3-16. Proposed Distribution System Improvements 

Deficiencies Descriptions Proposed improvements 

Two borderline deficient  
(≤ 30 psi) nodes under 
2016 and 2030 PHD 

• 327 ft zone: Jennifer Place north of Charles Place 
experiences 26 psi under 2030 PHD. Due to high 
elevation. 

No improvement proposed. This is a nominal deficiency, 
but the 327 ft zone actually operates within a normal range 
of 327–375 ft HGL depending on operating conditions. The 
low end of the pressure range is intermittent, and unlikely 
to be associated with the operational conditions (i.e., 
pumping approach) during high demand periods. 

• 232 ft zone: Intersection of Nelson Street and Maple 
Street experiences 30 psi under 2030 PHD. 

None: borderline deficient only 

Nine areas have 
challenges meeting 

required fire flow under 
2016 and 2030 MDD + FF 

• Trailer park area off of Roche Harbor Road. Due to 
small-diameter mains and high elevations. (380–435 
gpm available, 750 gpm required) Design and construct piping improvements running from a 

new PRV south along Terrace Drive to Roche Harbor Road, 
along Roche Harbor Road to University Road, and north 
along University Road along the frontage of the proposed 
Finnegan Ridge and Friday Cove developments. Includes 
approximately 3,700 LF of 8" DI water main and related 
appurtenances. 

• UW Friday Harbor Laboratories. Due to small-diameter 
mains and dead-end water main length. (504 gpm 
available, 750 gpm required) 

• Vicinity of proposed Finnegan Ridge and Friday Cove 
developments. Due to high elevation. (560–608 gpm 
available for existing connections, 750 gpm required) 

• Dead-end main off Salmonberry Road, north of the 
232 ft tank. Due to small-diameter dead-end main. 
(482 gpm available, 500 gpm required) 

Upsize water mains serving this area when time to replace. 

• Jennifer Place north of Charles Place in 327 ft zone. 
Due to high elevation. (458 gpm available, 500 gpm 
required) 

No improvement proposed. This is a nominal deficiency, 
but the 327 ft zone actually operates within a normal range 
of 327–375 ft HGL depending on operating conditions. The 
low end of the pressure range is intermittent, and unlikely 
to be associated with the operational conditions (i.e., 
pumping approach) during high demand periods. 

• Vicinity of Skagit Valley College, east of airport. Due to 
small-diameter mains. (720–740 gpm available, 
1,000 gpm required) 

Design and construct piping improvements in vicinity of the 
airport and Skagit Valley College to improve fire flow 
performance. Includes approximately 1,800 LF of 12" DI 
water main and related appurtenances. 

• Vicinity of Warbass Way and Harrison Street meeting 
Turn Point Road. Due to small-diameter mains and 
multifamily fire flow requirements. (727–743 gpm, 
750 gpm required) 

Upsize water mains serving this area when time to replace. 

• Vicinity of marina and shipyard on Turn Point Road. 
Due to small-diameter mains and commercial fire flow 
requirements. (700 gpm available, 750 gpm required) 

Upsize water mains serving this area when time to replace. 

• Carter Beach Road off of Turn Point Road. Due to 
small-diameter mains and dead-end water main 
length. (470–480 gpm available, 500 gpm required) 

Upsize water mains serving this area when time to replace. 
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Section 4 

Water Use Efficiency, Water Rights, 
System Reliability, and Interties 
The objective of this section is to summarize Town WUE programs, review water rights adequacy relative 
to existing and future needs, assess system reliability, and describe potential for system interties. 

4.1 Water Use Efficiency Program Development and Implementation 
Friday Harbor established a water conservation program in September 2001. WSDOH planning 
guidelines required the Town to develop a conservation program consistent with specific WSDOH 
Conservation Planning Requirements then in place. The Town’s previous WSP described Friday Harbor’s 
compliance with those guidelines. 

Since 2007, an updated set of WUE regulations have been in effect that supersede the former 
conservation program requirements. WSDOH requires that all Group A municipal water systems develop 
a WUE program under updated guidelines to plan for conservation. The WSDOH Water Use Efficiency 
Guidebook (updated January 2011) summarizes program requirements. WUE Programs typically include: 

 Data collection and analysis to characterize water production and consumption 
 Water demand projections 

 Analysis of DSL 

 Goals and measures to promote conservation and WUE 
 Analysis of established WUE measures 

A detailed review of Friday Harbor water usage and projections of future water demands is presented in 
Section 2. Consistent with the requirements of WSDOH’s Water Use Efficiency Guidebook, the Town has 
adopted its specific WUE goals. WUE goal-setting was conducted as a part of a public process before the 
Town Council, including a public forum to present the proposed goals and receive public comments. 

4.1.1 Water Use Efficiency Goals 

Friday Harbor has established two specific WUE goals: 
 Reduce DSL to 9 percent of total water system production by the end of 2010. This goal has been 

achieved. 

 Replace or recalibrate 80 water service customer meters each year. This goal is being met. 
 Although Friday Harbor has established no specific demand-side water savings goals, the Town 

recognizes the importance of reducing and managing overall water demands and has established 
measures to limit DSL, encourage conservation, and reduce authorized consumption. These 
measures are summarized in the following sections. 

4.1.2 Water Use Efficiency Measures 

A WUE measure is defined as the specific activities and programs that are evaluated or implemented to 
achieve WUE goals. The number of required measures in a WUE program depends on the water system 
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size and type. Based on the number of connections, Friday Harbor is required to implement or evaluate 
at least five measures. 

Required Measures 

In order to meet WUE requirements, systems must implement certain basic required measures. These 
measures correspond to both demand-side and supply-side goals and do not count toward the minimum 
WUE measures that must be established. The measures described below are required by WSDOH. 

Install Production (Source) Meters: WAC 246-290-496(1). The Town has meters installed at several 
source and WTP locations to identify water production volumes. Flow meters are located on the pipelines 
from AUG 1 and AUG 2, at the WTP inlet and outlet, and on backwash pipes within the water treatment 
plant. 

Install Consumption (Service) Meters: WAC 246-290-496(2). All Friday Harbor water system customers 
are currently metered. FHMC Title 13, Water Line Specifications, requires a water service meter to be 
installed at the edge of the public right-of-way, and a shutoff valve for each building on the parcel. 

Perform Meter Calibration: WAC 246-290-496(3). Approximately every 2 years, supply source and 
treatment flow meters are sent for a factory calibration. 

Measure DSL and, if Necessary, Implement a Water Loss Control Action Plan to Control Leakage: WAC 
246-290-496(4). WSDOH has established a maximum DSL standard for water systems of 10 percent 
based on a 3-year rolling average. If a water system fails to meet this standard, it is required to develop a 
Water Loss Control Action Plan. Based on data from 2009–11, the average DSL for Friday Harbor was 
6.3 percent. Town DSL is published in Water System Utility Reports produced monthly by the Town’s 
System Administration Department. 

Educate Customers about Water Use Efficiency Practices: WAC 246-290-496(4)(f). Aspects of the 
Town’s water conservation program are posted on the Town of Friday Harbor Web site, including the 
2001 Water Conservation Plan. When possible, Web sites linked from the Town’s Web page are asked to 
include at least the simple message “Water is a precious Islands’ resource, please use it wisely.” Further 
information on water conservation is provided when appropriate. 

Additionally, the Town prepares handouts encouraging conservation. These handouts are distributed to 
the following locations: 

 Town Offices: main reception areas, and Water Conservation Office 
 County Courthouse 

 San Juan County Health and Community Services 

 San Juan County Planning Department 
 San Juan Public Library 

Additional WUE Measures 

In addition to the required measures summarized above, the Town has developed measures that help to 
address WUE program requirements. Several of these measures are described below. 

Reclaimed Water. Given likely implementation and management costs, the Town does not consider 
reclaimed water utility service for commercial/retail use to be a viable option at this time. The Town does 
recycle and reuse some wastewater flows internally as appropriate at its wastewater treatment facility. 

Conservation Rate Structures. As part of the WUE process, evaluation of a rate structure that 
encourages conservation is required. The Town currently encourages conservation by charging for water 
use based on consumption, with rates that increase as water usage increases. The current inclined-
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block-rate structure was evaluated as part of a utility rate study completed in 2008, and is described in 
Section 9. 

School Outreach Program. Town staff members have conducted Water and Wastewater System Tours 
for fifth-grade classes each fall since 1989. Classroom presentations are combined with tours of the 
Trout Lake Watershed, the Water Treatment Facility, and the Wastewater Treatment Facility. The 
outreach program emphasizes both water resource stewardship and the importance of responsible 
water use. 

Annual Master Gardeners Workshop. A daylong event organized by Washington State University (WSU) 
Master Gardeners is held each spring. The Town distributes a brochure focusing on gardening and 
landscaping. 

Rebate Program. The Town has implemented the following rebate programs to provide incentives for 
customers to use less water: 

 Toilet rebates: In 2000 the Town initiated a Toilet Rebate Program offering $75 per toilet to water 
customers that replace existing toilets with 1.6-gallon ultra-low flush models. 

 Clothes washing machine rebates: $50 rebates were offered to customers upgrading to low-flow 
models in 1998. The program has not been funded since. 

Showerhead and Faucet Aerator Retrofits. Showers, faucet use, and bathtub use generally rank 
prominently in indoor water use. In 1997 the Town began a partnership with Orcas Power and Light 
(OPALCO), the area electrical utility, to retrofit all single-family residential (SFR) and multifamily 
residential (MFR) units with low-flow showerheads, kitchen faucet heads, and other faucet aerators. Free 
aerators are available at all customer service desks. 

Leak Detection Surveys. The Town performs in-house leak detection surveys on a case-by-case basis. 
The Town also budgets to conduct system-wide leak detection surveys using an outside contractor. 
Outside leak detection services are targeted about every 5 years. Because this is a supply-side measure, 
it is not counted toward the required WUE measures. 

The 2001 Water Conservation Plan identified many other potential measures to reduce consumption 
and promote conservation, and the Town may choose to implement these in the future. These potential 
measures are listed below: 

 Partner with WSU Extension Master Gardeners and local landscaping professionals to design and 
implement a Landscape and Irrigation Audits Program and Awards Program with focus on 
responsible water use. Once up and running, this program would be ongoing as techniques and 
technologies continually improve. 

 Partner with the San Juan Stewardship Network and Washington State Ferries to fund and 
implement an onboard visitor education program covering responsible water use and conservation 
issues. 

 Designate the second week of May as Seek Out Leaks Week, which corresponds to National 
Drinking Water Week. Advertise in local papers, describing how to spot leaks, and approach local 
hardware stores about the possibility of offering discounts on specific plumbing supplies. This would 
be an ongoing program on an annual basis. 

 Include consumption history on water bills to allow comparison and awareness of water use. 

4.1.3 Analysis of WUE Program 

Demand projections summarized in Section 2 present demands which include a DSL of 9.1 percent, 
based on a 6-year average from 2006–11. More recently, the Town has achieved a 3-year DSL RAA of 
6.8 percent, surpassing the Town’s goal of 9 percent DSL. Should future DSL exceed 10 percent on a 3-
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year RAA, the Town would be required to develop and submit a Water Loss Control Plan to WSDOH, as 
outlined in the Water Use Efficiency Guidebook. 

4.2 Source-of-Supply Analysis 
The WSDOH Planning Handbook requires a source-of-supply analysis for water systems pursuing new or 
expanded water rights within the next 20 years. The purpose of a source-of-supply analysis is to evaluate 
alternatives to optimize use of existing sources, and evaluate whether other methods to meet water 
needs are feasible in lieu of pursuing new water rights. The water rights analysis presented in 
subsequent sections shows that the Town has adequate water rights to meet projected demands over 
the next 20 years. Consequently, a formal source-of-supply analysis is not required. However, because 
the sustainable yield of Trout Lake is less than the water rights, the Town may choose to pursue water 
rights at another location in the future. 

4.2.1 Enhanced Conservation Measures 

The Town established a water conservation program in 2001. WSDOH planning guidelines required the 
Town to develop a conservation program consistent with specific WSDOH Conservation Planning 
Requirements then in effect. The Town’s previous WSP showed how Friday Harbor was complying with 
those guidelines. Since that time, the WSDOH Water Use Efficiency Guidebook has replaced the 
Conservation Planning Requirements. Friday Harbor is in compliance with WSDOH requirements related 
to WUE, as described in the previous section. 

4.2.2 Water Rights Changes 

The Town has no plans to transfer or alter water rights within the next 20 years. The Town’s existing 
water rights exceed projected demands, and there are currently no plans to transfer or alter water rights. 
However, demands are projected to exceed the sustainable yield from existing sources within the 20-
year planning period. In order to ensure that existing sources are operated within their sustainable yield 
and to increase reliability, the Town might choose to pursue water rights at another location in the 
future. 

4.2.3 System Interties 

The Town of Friday Harbor water system currently has no system interties with adjacent water systems. 
There are no other water systems of significant size in close proximity to the town. 

4.2.4 Artificial Recharge and Recovery 

Artificial recharge is the injection or infiltration of available water into underground aquifers to augment 
groundwater supplies and allow for subsequent withdrawal. The hydrogeology of the San Juan Islands is 
not generally suitable for groundwater recharge and recovery. Shallow bedrock and complex, fractured 
layers may limit the effectiveness of groundwater supplies. 

4.2.5 Reclaimed Water and Reuse 

Given likely implementation and management costs, the Town does not consider reclaimed water utility 
service for commercial/retail use to be a viable option at this time. The Town does recycle and reuse 
some wastewater flows internally as appropriate at its wastewater treatment facility. 

WSDOH requires that when additional sources of supply are being pursued as a result of water quality 
problems with existing sources, purveyors first evaluate the cost of treating the current source. Friday 
Harbor sources have no water quality problems that would require acquisition of alternate sources. The 
Town’s water treatment capacity and water quality testing results are described in Section 3. Water 
quality monitoring requirements and procedures are described in Section 6. 
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4.3 Water Right Evaluation 
This section summarizes and evaluates water rights held by the Town. 

4.3.1 Permits, Certificates, Claims, and Applications 

Existing Town of Friday Harbor water rights are presented in Table 4-1 and described below. Copies of 
available water right documentation are provided in Appendix C. 

Trout Lake (Certificate R1-22004C). The Town of Friday Harbor relies exclusively on surface water 
sources for potable water supply. Trout Lake Reservoir, the initial and primary source, lies approximately 
5 miles west of the town within an isolated, undeveloped watershed. The Trout Lake water right has a 
priority date of July 8, 1974, with a permitted maximum annual withdrawal of 497.0 acre-feet (ac-ft), 
which equates to an average annual daily rate of 0.44 mgd. The purpose of use identified on the 
certificate is “municipal water system.” The certificate does not place any restrictions on the time of use 
or any other condition. 

AUG 1 (Certificate S1-23127C). Augmentation 1 (AUG 1) was constructed in 1979 to supplement the 
Trout Lake reservoir and watershed with additional surface water supply. A dam was built near the 
southeast end of Lake 310 to collect overflow water from a 190-acre watershed. Water is captured in a 
small impoundment and pumped cross-country into Trout Lake Creek, which drains into the northwest 
end of Trout Lake. The water right associated with AUG 1 has a priority date of June 7, 1978. The 
permitted instantaneous withdrawal is 0.98 cubic foot per second (cfs) and the maximum annual 
withdrawal is 240.0 ac-ft, which equates to an average annual daily rate of 0.21 mgd. The purpose of 
use identified on the certificate is “municipal and industrial supply.” The water right includes the 
following limitations: 

 Withdrawal is permitted only between October 1 and April 15. 
 Diversion shall cease when the overflow from the point of diversion catch basin drops to 225 gpm. 

AUG 2 (Certificate SI-23457 C). Augmentation 2 (AUG 2) includes a stream diversion, pump station, and 
force main. Water from a 3,850-acre watershed is funneled through a weir and pumped to the Trout 
Lake reservoir just above the dam. The AUG 2 water right has a priority date of July 16, 1979. The right is 
for 1,346 gpm (0.98 cfs) and 736.5 ac-ft per year, which equates to an average annual daily rate of 0.66 
mgd. Withdrawal is limited to November 1 through April 15. Water right provisions stipulate that 
diversions shall cease when the overflow from the point of diversion catch basin drops to 343 gpm 
(0.765 cfs). The purpose of use identified on the certificate is “municipal supply.” 

Forecasted Water Rights. Water rights self-assessment forms for the 6- and 20-year planning horizons 
are presented in Table 4-2 and Table 4-3, respectively. Projected demands shown in these tables are 
taken from the projections developed in Section 2 and the maximum instantaneous pumping capacity 
used in the Section 3 source capacity analysis. 
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4.3.2 Water Rights, Current Water Usage, and Projected Needs 

The water rights self-assessment forms show that the Town has adequate water rights to meet projected 
demands through the end of the 20-year planning horizon in 2032. In 2032, the projected annual 
demand is 0.48 mgd, or approximately 533 ac-ft, compared to an authorized annual water rights limit for 
all sources of 1,473.5 ac-ft. There is no instantaneous withdrawal limit on the Trout Lake supply, such 
that water rights are not a limiting factor in providing MDD. Table 4-4 presents projected water demands 
in the 6- and 20-year planning horizons compared to Town total annual water right limits. 

 
Table 4-4. Water Right Capacity 

Current water right 2011 demand (existing) 2018 projected demand 2032 projected demand 

1,437.5 ac-ft 374 ac-ft 421 ac-ft 533 ac-ft 

10,789 ERUs 2,798 ERUs 3,148 ERUs 3,986 ERUs 

 

4.3.3 Water Reservations 

No Washington State Department of Ecology (Ecology)-granted water reservations are associated with 
the Town water system. 

4.4 Water System Reliability Analysis 
This section provides a summary of efforts previously undertaken and planned for the future to ensure 
that an adequate quantity of water can be provided at all times. 

Source Reliability 

Section 3 presents an analysis of the capability of Friday Harbor’s existing sources to meet existing and 
projected demands. The capacity analysis indicates that the Town is expected to reach the limit of the 
available source capacity within the 20-year planning horizon. The Town’s plans to increase future 
source capacity and reliability are summarized in Section 8. Presently, there is adequate supply to meet 
existing demand. Additionally, in 1995, Friday Harbor constructed facilities to allow emergency 
withdrawal from Trout Lake dead storage volumes via a siphon system. This additional dead storage 
emergency supply capacity increases total sustainable yield by an estimated 25 MG/yr, from 168 MG/yr 
to 193 MG/yr. Although the use of dead storage is reserved for emergency drought conditions, the 
siphon system increases source reliability and allows the Town to meet demands during droughts. 

Because all of the Town’s water is pumped directly from the Trout Lake reservoir, contamination of this 
water source would affect the Town’s entire water supply. Because the watershed is a mountainous, 
sparsely developed area, it is unlikely that the area would become contaminated. Measures that the 
Town has taken to protect the watershed and sources are summarized in the Watershed Protection 
strategy presented in Section 5. 

Water Right Adequacy 

Previous sections describe the status of Friday Harbor’s water rights. The Town’s existing water rights 
portfolio is adequate to meet projected demands through the 20-year planning horizon. 

Facility Reliability 

Section 3 evaluates existing system reliability relative to source, treatment, storage, pumping, and 
distribution facilities. No specific projects to increase water facility reliability have been identified. 
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4.4.1 Water Shortage Response Planning 

Given area hydrology and available water resources, the Town’s water supply can be vulnerable to 
cyclical droughts. During the last 30 years, the Town experienced three 50-year droughts. A 50-year 
drought is statistically expected to occur once every 50 years, or to have a 2 percent chance of occurring 
in any given year, based on historical rainfall data. Local droughts of this magnitude occurred in 1978, 
1988, and 1993–94, the last of which was declared a state-level emergency. 

Water Shortage Response Plans (WSRPs) help utilities conserve available water supplies and determine 
where additional sources of supply should be considered. The WSRP should contain a practical, realistic 
action plan to respond to water shortage conditions, including defining specific triggers for stages of 
water shortages and establishing demand reduction and/or supply augmentation options, an 
implementation schedule, and a monitoring program. Additionally, a public information program should 
be defined to keep customers aware of water reduction requirements.  

The Town WSRP, which defines levels of emergencies and measures to be taken, was adopted in 1988. 
The WSRP, included in Appendix F, provides water shortage severity definitions, lists the steps the Town 
should take to inform the public during water shortages, and outlines limited and/or prohibited public 
water use during water shortages as well as fines and enforcement procedures. The Town provides 
water alerts on the Friday Harbor Web site to keep customers informed of drought conditions. 

To implement the WSRP, the Town enacted FHMC Chapter 13.16, Emergency Water Restrictions. The 
FHMC was revised in 1998. A copy of the relevant FHMC chapter is included with the WSRP in 
Appendix B. 

4.4.2 Source-of-Supply Monitoring 

As part of ensuring water system reliability, purveyors with groundwater sources are required to have a 
monitoring program for well levels. The Town of Friday Harbor does not have any groundwater sources or 
monitoring wells. However, the water level in Trout Lake Reservoir is measured at the end of each 
month, and as often as daily during peak demands seasonally. Results, presented in Table 4-5, show 
that water level trends in the reservoir have not changed significantly over the last decade. Typical water 
level trending in Trout Lake is summarized in Figure 4-1. 
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Table 4-5. Trout Lake Reservoir Level 

Period 
Water Level: inches above/(below) spillway 

2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 

January 1.50 1.50 (61.00) 0 0 0 1.63 (17.75) 0.50 0 1.00 

February 1.50 1.00 (42.00) 0 0 0 (0.75) 0 0 0 0 

March 11.25 1.75 (13.50) 0 0 0 0 8.50 0.50 7.25 0 

April 10.00 (10.50) 10.25 (3.00) 0 0 0 7.75 (0.50) 7.50 9.00 

May 2.00 0 1.75 (8.00) 0 (0.50) (0.50) 1.50 (2.00) 2.00 9.00 

June (5.50) (6.75) (9.25) (21.50) (11.00) (15.00) (9.50) (9.50) (11.25) (5.50) 0.25 

July (20.00) (22.50) (26.00) (36.75) (25.50) (30.75) (24.50) (25.25) (26.50) (17.75) (9.50) 

August (33.00) (36.75) (42.50) (48.75) (41.50) (48.00) (39.50) (36.00) (29.50) (33.50) (24.00) 

September (42.50) (49.50) (53.00) (55.50) (53.00) (59.50) (50.25) (47.50) (51.50) (37.75) (34.5) 

October (48.00) (57.00) (29.50) (60.50) (58.75) (68.00) (56.75) (54.25) (54.50) (43.50) (39.75) 

November (45.00) (62.50) 2.00 (41.75) (55.50) (34.00) (60.75) (51.00) (10.75) (46.28) (38.75) 

December 1.50 (66.00) 0 0 (37.00) 0 (47.75) (36.50) 0 0 (39.50) 

Average (13.85) (25.60) (21.90) (22.98) (23.52) (21.31) (24.05) (21.67) (15.89) (13.96) (13.90) 

Note: Months with positive levels may reflect periods where a removable 10.5-inch riser has been added to the top of the original 
spillway. The outlet pipe for the reservoir is 288 inches, or 24 ft, below the spillway. 

Source: Town of Friday Harbor Web site: http://www.fridayharbor.org/Utilities/lake_level.htm. 

 

 
Figure 4-1. Average Trout Lake reservoir level by month (2001–11) 
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4.5 Interties 
The Town water system does not have any existing water system interties. Additionally, no water systems 
in the vicinity of the Town have the capacity or water rights necessary to support a reliable system 
intertie with the Friday Harbor water system. As discussed in previous sections, most surrounding 
communities on the island are supplied by small wells that serve only limited numbers of connections. 
Therefore, no future interties are anticipated. 

4.6 System Improvement Needs 
No specific water system improvement needs related to WUE have been identified. 
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Section 5 

Source Water Protection 
This section details source water protection for Town of Friday Harbor supplies. 

5.1 Watershed Control Program 
The Town of Friday Harbor relies on surface water for its water supply. To protect surface water supplies, 
WSDOH requires public water utilities to develop and implement watershed control programs as a 
component of their water system plans under (WAC 246-290-135. 

The purpose of a watershed control program is to provide water purveyors with proactive programs for 
preventing source water contamination. A successful watershed control program consists of a number of 
components, which must be developed before the plan can be fully implemented. The major 
components of the plan are described below and form the basis of the following sections: 
 A delineated source water protection area defined by the entire watershed up-gradient of the intake 

point. This includes the initial watershed plus any open conveyance mechanism and/or any storage 
reservoirs. 

 An inventory within each source water protection area of potential sources of contamination. 

 Watershed control measures to reduce the likelihood that potential contaminant sources will pollute 
the drinking water supply. 

 A description of emergency provisions. 

 Documentation of water quality trends. 

Friday Harbor monitors activities in its source watersheds that could affect source water quality. The 
watershed control program is scheduled to be reevaluated at least once every 6 years. Changes that 
could affect the source water quality are documented and recommendations made for improved 
watershed control. 

5.1.1 Watershed Description and Characteristics 

The watershed description and inventory provides site-specific information including location, hydrology, 
land ownership, and activities that could adversely affect source water quality. 

Location 

The Town of Friday Harbor diverts surface water from watersheds in San Juan County, approximately 5 
miles west of the town. Friday Harbor has three surface water sources and corresponding watersheds: 
Trout Lake, an overflow from Lake 310 pumped into the Trout Lake watershed (AUG 1), and a seasonal 
diversion of water from a creek in Section 17 east of Trout Lake (AUG 2). All watersheds are located 
within the state Water Resource Inventory Area (WRIA) 02. Surface elevations range from 100 feet to 
1,036 feet at Mt. Dallas, which is the highest point on San Juan Island. Figure 5-1 presents these three 
watersheds. 

Trout Lake. The primary water supply source for Friday Harbor is Trout Lake. A concrete dam, originally 
constructed in 1928, forms the lake impoundment. The dam was raised to its present height of 37 feet 
in the 1950s, and the lake has a surface area of approximately 60 acres when full. The Trout Lake 
watershed is located west of Friday Harbor in an isolated, sparsely developed area, and is surrounded by 
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a steep drainage basin totaling approximately 840 acres. The Town of Friday Harbor owns approximately 
570 acres in the Trout Lake watershed and prohibits development in the watershed. 

Augmentation 1 (AUG 1). In 1979, the Lake 310 augmentation project (AUG 1) was constructed to 
supplement the Trout Lake watershed with additional surface water supply. The project involved 
construction of a small impoundment and pump station near the south end of Lake 310. Overflow from 
Lake 310 is captured in the impoundment and pumped cross-country into Trout Lake Creek, which 
subsequently drains to Trout Lake. The Lake 310 watershed includes approximately 190 acres of 
privately owned land. The watershed is in the remote mountainous interior of the island in an area where 
significant development is impractical and unlikely. 

Augmentation 2 (AUG 2). In 1988, the Town constructed a second augmentation project (AUG 2), 
consisting of a stream diversion, a pump station, and a raw water main. The diversion and pump station 
are located approximately a quarter mile northeast of the Town of Friday Harbor water treatment plant. 
Originally AUG 2 raw water was pumped directly to the water treatment plant. In 1994, the pump station 
was improved and a raw water main was constructed to allow the AUG 2 water supply to be pumped into 
the Trout Lake reservoir. The AUG 2 watershed includes approximately 3,850 acres, of which the Town 
owns very little. 

Hydrology 

Annual recharge of Trout Lake, AUG 1, and AUG 2 is primarily dependent on precipitation within the 
watersheds. The Town has historically experienced periods of drought that have severely tested the 
capacity of the Trout Lake surface water supplies. Average monthly rainfall ranges from approximately 
0.60 to 5 inches with an annual average of 28 inches (period of record: 1995–09). 

Surface water runoff in San Juan County is lower than is typical for western Washington due to limited 
rainfall, small catchment areas, and the prevalence of coarse, porous glacial sediment over bedrock. 
Runoff occurs primarily from December through March when soils are saturated and rainfall is heaviest. 
Runoff estimates indicate that approximately 28 percent of average annual precipitation is not retained 
and is mobilized as runoff. The watersheds utilized by the Town of Friday Harbor for water supply are 
located within the San Juan Island False Bay watershed, which has the greatest volume of runoff for any 
basin in the county at more than 3,154 ac-ft per year. 

The Trout Lake watershed includes only seasonal active streams and watercourses. The AUG 1 and AUG 
2 catchment areas draw from seasonal streams that flow from west to east. Small dams at each 
catchment area establish pools that supply the augmentation pump stations. 

The AUG 1 pump station pipeline terminates just beyond the crest of the Trout Lake watershed. Water 
supplied from the pump station flows down a seasonal creek channel (Trout Lake Creek) to the Trout 
Lake reservoir below. The AUG 2 pipeline also terminates just beyond the crest of the Trout Lake 
watershed, with water then draining as open-channel gravity flow down to the reservoir. 
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Land Ownership 

The Town of Friday Harbor owns a significant portion of the watershed lands within its source water 
protection areas. The following section summarizes the land ownership within these areas (see Figure 
5-2). 

Trout Lake. The Town of Friday Harbor owns approximately 570 acres (70 percent) of the Trout Lake 
watershed adjacent to Trout Lake. The remaining watershed areas, totaling approximately 270 acres, 
are privately owned and sparsely developed. The Town does not have the resources to purchase 
additional land within the watershed at this time. If future development presents a threat to water quality 
in Trout Lake, the Town may consider purchasing additional land. The San Juan County designated land 
uses in the Trout Lake watershed include Natural, Forest Resource, and Rural Farm Forest (San Juan 
County Planning Department, 2000 – Official Maps): 
 Natural: Protects, conserves, and manages existing natural conditions and preserves the ecosystem 

in a natural state for the benefit of future generations without precluding compatible human uses. 

 Forest Resource: Recognizes and protects the physical condition of forest resource lands that are 
conducive to the use of such lands for long-term commercial production. Residential density is 
limited to 1 unit per 20 acres. 

 Rural Farm-Forest: Provides for rural living opportunity with parcel sizes generally 5 to 10 acres. 
Commercial and industrial uses are not allowed. 

Augmentation 1 (AUG 1). The Town of Friday Harbor does not own any land in the AUG 1 watershed. This 
watershed is privately owned and designated land use includes a combination of Forest Resource and 
Rural Farm-Forest. 

Augmentation 2 (AUG 2). The Town of Friday Harbor does not own any land in the AUG 2 watershed 
except for 10 acres around the diversion area. This watershed is privately owned and designated land 
use includes a combination of Natural, Forest Resource, Rural Farm-Forest, and Agricultural Resource, 
with limits of one unit per 5 acres and one unit per 10 acres: 
 Agricultural Resource: Designated and protected lands that are determined locally to be of long-term 

commercial significance for resource production. This land use class recognizes and protects the 
physical conditions and characteristics of agricultural lands that are conducive to the use of such 
lands for long-term commercial production. 

Water Quality and Ongoing Monitoring 

A detailed description of the Town of Friday Harbor water quality monitoring program, including raw water 
source monitoring, is included in Section 6. 
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5.1.2 Activities and Land Use Detrimental to Water Quality 

An essential element of a watershed control program is an inventory of past, present, and potential 
future activities that may pose a contamination threat to water quality within watershed protection 
areas. The contaminant source inventory considers existing and potential sources of contamination 
related to watershed activities and land use. This includes both point and nonpoint pollution sources. 

Within a watershed protection area, there are many diverse activities that could pose a contamination 
risk to associated water supply resources. It is important that these activities are properly inventoried 
and, if necessary, regulated to prevent degradation of water supplies. Activities that may pose a threat to 
water quality typically relate to land use and zoning practices and are often associated with solid waste 
handling, illegal dumping, wastewater and stormwater discharges, agricultural practices, underground 
storage tanks, septic tanks, accidental spills, and other sources of contamination. More detailed 
information related to the watershed inventory is presented in the San Juan County Watershed 
Management Action Plan and Characterization Report completed in 2000. 

As summarized in Table 5-1, the San Juan County Watershed Management Action Plan and 
Characterization Report documents land use, critical management areas, nonpoint source pollution risk, 
and management priorities for the False Bay watershed, which includes the Town of Friday Harbor 
watershed protection areas. 

 
Table 5-1. False Bay Watershed Priority Conditions Identified in the 

San Juan County Watershed Management Action Plan (2000) 

Current land use False Bay 

Agriculture 12% 

Timber land 30% 

Conservation 18% 

Residential parcels 23% 

Public lands n/a 

Critical management areas False Bay 

Designated growth areas No 

Upland native ecosystem Yes 

Critical marine habitat Yes 

Surface water resource area Yes 

Research/education areas Yes 

Nonpoint source pollution risk False Bay 

Onsite sewage systems Medium 

Agricultural practices High 

Forestry practices Medium 

Conversion of resource lands High 

Marinas and recreational boating Medium 

Stormwater runoff High 

Solid/hazardous waste Medium 

Note: This information corresponds to a larger watershed that includes the Town of Friday Harbor’s watershed protection area. Watershed 
conditions are as documented in the 2000 San Juan County Watershed Management Action Plan, and are based on a watershed 
evaluation of beneficial uses and pollution risks. 
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Figure 5-2 details land ownership and uses for the watershed areas the Town of Friday Harbor depends 
on for water supply. Due to their nature, WSDOH designates all surface water supplies as highly 
susceptible to contamination. The Friday Harbor watersheds are relatively isolated and sparsely 
developed. Based on land ownership and zoned uses within the watersheds, the primary potential 
contaminant concerns relate to agricultural land use, residential development, and septic systems. A 
discussion of potential watershed contamination sources and their potential impact on Friday Harbor’s 
water supply is included in the following sections. 

Recreation 

The Town restricts access to Trout Lake. There is a locked gate on the road to the lake. No recreational 
activities are allowed or sanctioned in the Trout Lake watershed. 

Septic Tanks 

Contamination from onsite septic systems in the watershed is of potential concern. Properties with 
failing septic systems located near stream channels and natural drainages present the greatest potential 
for sewage and septic contamination (bacterial, chemical, and nutrient agents) to impact surface waters 
that drain into Trout Lake or the augmentation water supplies. 

The San Juan County Health and Community Services Department (HCSD) regulates onsite septage 
activities. Overall, the drainage basin contains fairly shallow soils with high clay and rock content. Many 
of the older septic systems in the drainage basin are gravity systems, which are generally not the most 
suitable type of system for shallow clay soils. Onsite systems installed prior to 1972 did not require 
permits, which makes these systems the most difficult to locate and assess. The HCSD is currently 
working to update septic permit records and has developed an onsite septage O&M program to ensure 
that systems are properly designed, installed, and maintained in the future. 

Development 

Nonpoint pollutants commonly associated with residential land use include sediment, nutrients, oxygen-
demanding substances, pathogens, hydrocarbons, heavy metals, and toxins. Common household 
pollutants include paints, solvents, lawn and garden care products, detergents and cleansers, and 
automotive products such as antifreeze and motor oil. Improper use and disposal of these products can 
be chronic sources of pollution. The care of landscaped areas through the application of fertilizers and 
pesticides can be detrimental to surface waters and receiving marine waters. 

Although development within the Friday Harbor watersheds is limited, development-related 
contamination remains a possibility. 

Agriculture 

Agricultural land use does exist in the False Bay watershed, which includes the Friday Harbor watersheds 
and lands south of the Friday Harbor watersheds, and the AUG 2 watershed includes Agricultural 
Resource lands. Generally, however, more land is being converted to rural-residential land use with 
limited agriculture on smaller acreages. If not properly managed, agriculture operations can contaminate 
surface water. Contaminants can include, but are not limited to, sediment from soil erosion, nutrient 
loading, and both microbiological and chemical constituents. Farming activities that can have a high 
potential to contribute to water quality problems include poor pasture management, chemical uses, poor 
management of animal wastes, animal access to surface waters, and overgrazing in wetlands and other 
sensitive terrestrial habitats. 
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Forestry 

Forestlands comprise more than 70 percent of the land area in San Juan County and a large portion of 
the Town’s watersheds. Without proper management, timber harvesting of forestlands and subsequent 
site preparation activities have the potential to adversely affect water quality through increased soil 
erosion and sedimentation, soil compaction, and water temperature increases, as thermal cover is 
removed. 

Erosion 

Elevated erosion and increased sediment loading result from the movement of soil by water and wind. 
Contamination concerns related to soil erosion include migration and deposition of soils and sediments 
into surface waters, with subsequent stream channel and substrate degradation. Sediment from 
nonpoint sources is the most widespread pollutant of surface water. Total suspended solids and turbidity 
are water quality indicators relating to sediment, but the effects of sediment on ecosystems can also be 
characterized. In addition, pollutants such as bacteria, nutrients, and organic material can adhere to 
suspended particles. 

The erosion potential within the Friday Harbor watersheds is dependent on the local soil characteristics 
and underlying geology of the area. Many watershed areas have a high potential for erosion due to local 
physical features relating to topography, altitude, slope exposure, and vegetative cover. The San Juan 
County Watershed Management Action Plan also noted that upland areas in the False Bay watershed, 
which includes the Friday Harbor watersheds, may have high erosion potential, but specific areas were 
not identified. 

Roads 

Roads can be sources of surface water contamination given potential spills, construction and 
maintenance activities, and chemical and sediment contamination as a result of vehicular traffic. 
Erosion and sedimentation along roadways can introduce suspended solids, nutrients, and metals into 
adjacent water bodies. Normal vehicular traffic can contribute oil and grease, gasoline, and other 
petroleum and chemical contamination into watersheds. 

The Friday Harbor watersheds include few roadways, and traffic volumes are generally small, such that 
the potential for roadway-related contamination of water supply resources is relatively small. 

Solid and Hazardous Waste 

Waste products, if not managed correctly, can pollute surface water and groundwater with metals, toxic 
chemicals and hydrocarbons, and/or pathogens. Solid waste includes garbage, rubbish, ashes, industrial 
wastes, demolition and construction debris, and abandoned vehicles. Proper waste management is 
essential for reducing or eliminating potential water quality pollution from these waste streams. Waste 
management includes proper use, collection, storage, transportation, transfer, treatment, and disposal 
of waste materials. San Juan County collects and stores solid waste at designated waste transfer 
stations, and then transports solid waste off the islands for disposal. 

Hazardous wastes are defined as all flammable, toxic, corrosive, and reactive waste generated by 
residences and businesses. San Juan County and the Town of Friday Harbor offer regular hazardous 
waste roundups, allowing individuals to properly dispose of these wastes for free or at minimal cost. 

Accidental Spills 

Accidental spills or releases of contaminants can potentially impact water supplies. Potential sources of 
spills and leaks include underground storage tanks, accidents, and poor disposal practices. Currently no 
commercial or industrial activities are located within the Friday Harbor watersheds, and Beaverton 
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Valley, Westside, Egglake, and Wold Roads are the only major transportation corridors that pass through 
the watersheds. As a result, accidental spills are likely to be a minimal threat. 

Confirmed and Suspected Contamination Sites 

Under the Model Toxics Control Act Cleanup, WAC 173-340, Ecology is responsible for ensuring that all 
hazardous waste sites are properly remediated. This includes confirmed and suspected sites of 
contamination as well as leaking underground storage tanks (LUSTs). A separate inventory for each, 
which includes the status of cleanup efforts, is maintained by Ecology. No confirmed or suspected 
contamination sites are located within the Friday Harbor watersheds. 

Inventory Data Sources 

Inventories of potential contaminant sources are compiled using the following data sources, and are 
periodically updated to provide an accurate reflection of current conditions: 

 San Juan County Watershed Management Action Plan and Characterization Report, June 2000. 

 Washington Department of Health, Division of Information Resource Management Geographic 
Information System Data. This source maintains information from regulatory programs, including 
Department of Ecology databases. 

 San Juan County Comprehensive Plan, Land Use and Shoreline Master Program, October 2000. 

5.1.3 Watershed Management and Control Measures 

This section of the WSP Update describes how the Town of Friday Harbor, in coordination with other local 
agencies, monitors and manages activities and land use to minimize or eliminate source water quality 
impacts. Friday Harbor does not own all the land within its watershed and must also rely on other local 
entities with land use authority. 

Land Use Restrictions 

The Town of Friday Harbor restricts access to and prohibits recreation on Trout Lake. San Juan County 
limits land use within the Friday Harbor watershed areas according to the following categories: 

 Natural: Protects, conserves, and manages existing natural conditions and preserves the ecosystem 
in a natural state for the benefit of future generations without precluding compatible human uses. 

 Forest Resource: Recognizes and protects the physical condition of forest resource lands that are 
conducive to the use of such lands for long-term commercial production. Residential density is 
limited to one unit per 20 acres. 

 Rural Farm-Forest: Provides for rural living opportunity with parcel sizes generally 5 to 10 acres. 
Commercial and industrial uses are not allowed. 

 Agricultural Resource: Designated and protected lands that are determined locally to be of long-term 
commercial significance for resource production. This land use class recognizes and protects the 
physical conditions and characteristics of agricultural lands that are conducive to the use of such 
lands for long-term commercial production. 

Regulation of Agriculture, Timber Harvesting, and Construction Practices 

Ecology assumes the primary enforcement role to ensure that agricultural operations do not degrade 
water quality. Ecology’s enforcement is triggered by documented water quality degradation, and usually 
initiated by a complaint. Generally, enforcement actions are used as a last resort only. Farm owners are 
encouraged to work with the Natural Resources Conservation Service (NRCS) and the local Conservation 
District to develop and implement farm plans and best management practices (BMPs) to protect water 
quality. 
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Under Revised Code of Washington (RCW) Chapter 84.34, the County has the authority to regulate 
timber harvest under the Timber-Open Space program. The County also has land use authority in the 
conversion of forestland to residential and other uses. 

Washington State’s Forest Practices Rules and Regulations are written to address logging operations 
statewide. However, the San Juan Islands have unique characteristics that are worth noting. First, WAC 
222-3-110, Timber Harvesting on Islands, applies to all of San Juan County. This regulation restricts 
clearcut harvesting within 200 feet of a marine shoreline and limits clearcuts to a maximum of 40 acres 
with 200 feet between adjacent harvest units in the San Juan Islands. Many of the streams and creeks 
in the San Juan Islands did not meet the Forest Practice Act minimum protections based upon stream 
types. According to the Forest Practices division of the Washington State Department of Natural 
Resources, emergency rules governing Class IV and V streams are currently in effect. These rules require 
that all Class IV and V waters that are at least 2 feet wide between ordinary high water marks and have a 
gradient of less than 16 percent be treated as Class III streams. 

Inspection, Surveillance, and Monitoring 

Friday Harbor conducts daily water quality monitoring in the Trout Lake watershed, primarily at the raw 
water intakes. A complete description of the water quality monitoring program is included in Section 6; 
water quality results are summarized in Section 3. 

Contamination Source Controls 

In 1998, the County adopted Ecology’s Stormwater Management Manual for Puget Sound Basin as part 
of the County’s Unified Development Code. Under County regulations, all new development and 
redevelopment must conform with the stormwater manual. Class IV General and Conversion Option 
Harvest Plan (COHP) forest practices must meet the stormwater requirements of the County’s Unified 
Development Code. “Small parcel developments” that create less than 5,000 sf of impervious surface 
must develop an erosion and sediment control plan or illustration, and utilize BMPs to deal with 
stormwater. All other regulated developments under County jurisdiction are required to prepare and 
submit to the County a Stormwater Site Plan that analyzes potential water quality impacts, the 
effectiveness of proposed BMPs, and an erosion and sediment control plan. 

Additionally, the Town of Friday Harbor formed a stormwater utility in 1992 and adopted a Stormwater 
Management Plan in 1997. This plan, updated in 2005, describes deficiencies in the existing 
stormwater system, recommends system improvements, and identifies BMPs for new developments. The 
Town funds improvements to the stormwater system through an assessment of landowners with 
developed parcels. 

Public Education 

Friday Harbor leads the following community education programs relative to its water supply source 
watersheds: 

 The San Juan County Extension Service implements education programs to provide information on 
farm and home water quality problems and management (FarmAssist, HomeAssist). 

 The Stewardship Network Coalition coordinates educational and environmental groups, projects, 
monitoring, and data sharing. 

 Town staff members conduct Water and Wastewater System Tours for local schoolchildren. 
Classroom presentations have been combined with tours of the Trout Lake watershed, the water 
treatment plant, and the wastewater treatment facility. More information on the current and future 
school programs can be found in the Town’s 2001 Water Conservation Plan. 
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 The Town Water Conservation Office provides display materials and other information and 
advertising at several community events throughout the year. More information on these community 
events can be found in the Town’s 2001 Water Conservation Plan. 

 The Town publishes water conservation messages and information in local newspapers and 
community brochures. 

Watershed Control Activities 

San Juan County identified the following watershed control activities in its 1997 Watershed Control 
Program: 
 Establish sanitary control area adjacent to the AUG 1 and AUG 2 diversions. Identify other potential 

high-risk areas in the watersheds that can be designated as part of a sanitary control area. Establish 
buffer areas (from 50 to 100 feet) to protect the diversions and other vulnerable areas in the 
watershed. 

 Establish startup procedures for the AUG 1 and AUG 2 pump stations that include water quality 
monitoring criteria. 

 Establish communication with San Juan County to keep abreast of commercial and residential 
development within the watersheds. 

 Contact landowners in the watershed with an informational letter identifying Town use of water 
resources in their area and detailing activities that could potentially affect water quality for water 
resources within the watershed and for Town of Friday Harbor water supplies. 

 Conduct a sanitary survey of the watersheds through a combination of direct inspection and 
questionnaires to area landowners. Establish a map of potential sources of contamination. 

 Develop a public awareness program to educate landowners about activities in the watershed that 
could be detrimental to the water quality. 

In addition to the above activities, the County adopted a Water Resources Management Plan in 2004 
that establishes goals to provide additional protection for the County’s watersheds. 

5.1.4 Monitoring Program 

The Town of Friday Harbor monitors physical, inorganic, and organic constituents in its source water 
supply. Sections 3 and 6 presents more detail on the source water monitoring. 

5.1.5 System Operations 

The following section summarizes the operation, maintenance, and emergency provisions enacted for 
the Town of Friday Harbor watersheds and water supply systems. System operations are structured to 
help ensure that drinking water supplies are maintained consistent at all times with associated water 
quality regulations. 

Emergency Response 

The Town prepared a Trout Lake EAP in 2007 that outlines emergency response operations procedures, 
including triggers of watershed emergencies. The EAP also describes responsibilities of personnel during 
an emergency. A copy of the Trout Lake EAP is included in Appendix G. 

In order for emergency response procedures to be executed effectively, coordination, cooperation, and 
communication among the responding agencies, organizations, and individuals is imperative. There are 
emergency response organizations at the local, state, and federal levels. Depending on the magnitude 
and type of the release, any of the following organizations may be involved in emergency response for a 
watershed protection area in Washington State: 
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 Local fire district: Initial response to a hazardous spill will be from the local fire district. The following 
contacts can be used for emergency situations: 

 San Juan Island Fire District No. 3: 360-378-5334 

 Washington State Patrol: The Washington State Patrol is responsible for managing spills on 
interstate and state highways. Response will be initiated through the local fire district. 

 Washington State Department of Ecology: According to Washington State law, all hazardous material 
and oil spills must be reported immediately by the spiller. Two 24-hour spill notification numbers are 
required for reporting spills: 

 Washington Emergency Management Division: 800-258-5990 

 National Response Center: 800-424-8802 

 In addition, the Ecology regional office must be notified for the county in which the spill occurred. 
The Northwest Regional office number is 425-649-7000. 

 Washington State Department of Health: WSDOH has developed an Emergency Response 
Information Packet that can be downloaded from its Web site or ordered in hard copy. WSDOH also 
provides assistance through laboratory support and services if necessary to the cleanup effort. The 
WSDOH After Hours Hotline for drinking water emergencies is 877-481-4901. Other inquiries can be 
directed to the WSDOH’s Northwest Drinking Water Operations Office: 253-395-6750. 

 Washington State Department of Transportation (WSDOT): The WSDOT can provide spill response 
assistance through traffic control, equipment, and personnel for non-hazardous cleanup activities on 
state and interstate highways. The WSDOT Environmental Program Office can be reached at 360-
705-7482. 

5.1.6 Periodic Updates 

Watershed evaluations must be conducted at least every 6 years and included in WSP updates. Since 
the watershed evaluation performed as part of the previous WSP, there have been no significant 
changes in land use patterns or conditions with the potential to adversely impact source water quality. 
Water quality data, as summarized in Section 3, indicate that there has not been any deterioration in the 
condition of the water supply. 

5.2 System Improvement Needs 
The Town and San Juan County will continue to work toward implementation of the watershed control 
activities and protection measures outlined in the San Juan County Watershed Management Action Plan 
and Water Resource Management Plan. 
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Section 6 

Operations and Maintenance 
Program 
The purpose of an O&M program is to ensure satisfactory management of a water system’s operations in 
accordance with the pertinent requirements of WAC 246-290 and 246-292. An O&M program provides 
guidance for water system personnel to identify the necessary tasks required to ensure that the system 
and utility asset life is maximized, utility costs are appropriately managed, and safe and reliable public 
water supply is maintained. 

The following elements are included as part of the O&M program: 
 Water system management and personnel 
 Operator certification 

 System operation and control 

 Comprehensive monitoring plan 
 Emergency response program 

 Safety procedures 

 Cross-connection control (CCC) program 
 Customer complaint response program 

 Record keeping and reporting 

 O&M deficiencies and improvements 

6.1 Water System Management and Personnel 
Town of Friday Harbor staff manage, operate, and maintain the Town water system as a local 
government function under Town governance. Town governance is organized under a Town Council, 
composed of five elected members, and an elected Mayor, charged with executing policies set forth by 
the Council. The day-to-day management is the responsibility of the Water Department Leadman, 
supported by staff members in maintenance, clerical services, and billing. The water system 
organizational chart is shown in Figure 6-1. A general synopsis of the responsibilities of each staff 
member follows. 
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Figure 6-1. Friday Harbor water system organization chart 

 

Town Council. The Town Council sets policy and water system rate schedules; approves ordinances; and 
serves as a sounding board for public response, feedback, and guidance. The Council also approves the 
water system budgets, sets Town-wide priorities, and provides funding and support for water system 
projects. 

Town Administrator. The Town Administrator works with the Utility Superintendent and Mayor regarding 
policy development, project issues, and annual water system budget preparation, and with funding 
agencies to fund system improvements. 

Public Works Director. The Public Works Director works directly with staff to ensure that the system is 
operated efficiently. The Public Works Director and Water Department Leadman work together to 
develop the annual operating budget. Additional responsibilities include staff oversight, plan review for 
new projects, and responding to customer complaints. 

Water Department Staff. Water Department staff conduct the day-to-day work necessary to maintain, 
operate, test, analyze, and maintain the water system to ensure proper function and system longevity. 
The staff perform monthly meter reading for use in preparing the monthly water bills. The staff work with 
the Water Department Leadman to coordinate work items and to schedule necessary repair and 
maintenance tasks. Operations staff are responsible for managing system and WTP operations, issuing 
water meters for new customers, ensuring that sufficient supplies and tools are available, ordering water 
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treatment chemical supplies, performing preventive maintenance operations, conducting water quality 
monitoring, and checking that the monthly billing information is correct. 

Cross-Connection Control Specialist. The CCCS is responsible for implementing the CCC Plan. This 
person is responsible for testing, monitoring, repairing, and recording the necessary information 
pertaining to CCC, as well as preparing the annual Cross-Connection Report due to WSDOH. The CCCS 
also works with the building inspector to review plans to ensure that approved CCC devices are installed 
during construction. 

6.2 Operator Certification 
Waterworks Operator Certification, required under WAC 246-292, mandates that public water systems 
retain in their employment individuals who are certified by examination as competent in water supply 
operation and management. The WSDOH determines the required level and number of certified 
positions based upon the population and complexity of the water system. Because the Town operates a 
conventional water treatment plant, a certified Water Treatment Plant Operator (WTPO) and a Water 
Distribution Manager (WDM) are required. The Town exceeds the minimum certification requirements. 
Relevant professional licenses and operator certifications held by Town Staff are presented in Table 6-1. 

 
Table 6-1. Town of Friday Harbor Water Staff Certifications 

Position Certifications and licensure 

Public Works Director 
Washington State Licensed Professional Engineer 

(Civil and Mechanical Engineering) 

Water Department Leadman 

WTPO 2 

WDM 2 

WDS 

CCCS 

Water Treatment Plan Operator WTPO 1 

Water Treatment Plant Operator 
WTPO 1 

WDM 1 

Water Treatment Plant Operator 

WTPO 2 

CCCS 

BAT 

WTPO = Water Treatment Plant Operator 

WDM = Water Distribution Manager 

WDS = Water Distribution Specialist 

CCCS = Cross-Connection Control Specialist 

BAT = Backflow Assembly Tester 

 

Training 

In order to promote and maintain expertise for the various grades of operator certification, WSDOH 
requires that certified operators complete not less than three Continuing Education Units (CEUs) 
annually. Programs sponsored by the Washington Environmental Training Resources Center (WETRC) 
and the American Waterworks Association (AWWA) Pacific Northwest Subsection are the most popular 
sources for CEUs. 
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6.3 System Operations and Control 
This section of the O&M document includes the following: 
 Identification of major system components 

 Routine system operation 

 Preventive maintenance program 
 Equipment, supplies, and chemical listing 

A description of the major components of the water system is presented in Section 1 and summarized in 
the following sections. 

6.3.1 Major System Components 

In this section the facilities that make up the Friday Harbor water system and the utility’s normal 
operating procedures are reviewed. Major water system components are shown on Figure 1-4; a 
schematic showing normal operation of the water system is shown in Figure 6-2. Water system capacity, 
infrastructure, and major facilities are detailed in Sections 1 and 3 of this WSP. Planned future facilities 
and system improvements are described in Section 8. 
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Water Supply Sources 

Water supply is sourced from the Trout Lake basin and reservoir, AUG 1, and AUG 2. The sources are 
located about 5 miles west of the town limits. 

Treatment Facilities 

Raw water from Trout Lake supplies the Town water treatment plant, which is located about 1.2 miles 
downstream of the Trout Lake Dam. The nominal treatment capacity of the water treatment plant is 
currently approximately 700 gpm, limited primarily by clearwell capacity. The treatment process 
sequence includes package filter units, dedicated filter pumps, recently installed GAC filtration 
processes, a chlorine contact clearwell, and finished water pumps. 

From the water treatment plant, water is pumped through a 10- and 12-inch-diameter water supply 
pipeline to the 0.5 MG, 207-foot tank located at Spring Street and Marguerite Place. During high system 
demands, three 350 gpm pumps are available at the water treatment plant to maintain water supply. 
During lower system demands, supply is provided via a single 200 gpm pump. 

The Town operates and maintains the water treatment plant in accordance with the practices 
documented in the Water Treatment Plant Operations and Maintenance Manual, a copy of which is 
provided in Appendix L. 

The water treatment plant is staffed daily for routine operations. Total staff time spent on WTP operation 
averages about 8 hours per day, during which process control and equipment inspection functions are 
performed. The following parameters are recorded daily: 

 Flow rate and volume 

 Temperature 
 Chlorine use 

 Chlorine residual 

 Raw and filtered water turbidity 
 GAC filter pressures and differential head loss 

 pH 

 Weather 

In addition, ultraviolet (UV) transmittance through the GAC process is assessed every few days, finished 
water total organic carbon (TOC) is measured weekly, and the settleable solids concentration and pH of 
the backwash pond water are measured weekly. Raw water is also sampled quarterly for bacteriological 
analysis, and annually for inorganic analysis. 

The WTP filters are automatically backwashed according to a 24- to 36-hour cycle. Each filter is removed 
from operation for the backwash cycle. The Town operates in a range generally consistent with the 
following backwash parameters, subject to operational changes and adjustments: 

 Air scour (flocculators): 5 minutes 
 Rinse cycle (flocculators): 5 minutes 

 Filter-to-waste (flocculators): 5 minutes 

 Air scour (filters): 2 minutes 
 Backwash cycle (filters): 7 minutes 

 Rinse cycle (filters): 32 minutes 

The GAC filters may also be backwashed infrequently as necessitated by media replacement or 
differential head loss accumulation, but on a far less frequent basis than for the primary filters. GAC 
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system backwashing and O&M protocols are detailed in the Friday Harbor GAC Adsorption System 
Operations Manual, a copy of which is included in Appendix M. 

Improvements to chemical feed equipment and laboratory testing have recently been made at the plant. 
Flow-paced chemical feed pumps have been installed to appropriately meter water treatment chemicals 
into the process flow, and tests to assess the most effective treatment chemicals and dosages have 
been performed. Laboratory testing equipment includes a Hach spectrophotometer, an alkalinity test kit, 
and jar test apparatus. 

Storage Reservoirs and Pump Stations 

Water supply from the water treatment plant is pumped to the Town’s 0.5 MG storage tank, which 
operates at a nominal HGL of 207 feet. From this pressure zone, water is pumped to either the 327-foot 
pressure zone or the 232-foot pressure zone. 

232-Foot Pressure Zone. The majority of the Town is served from the 232-foot pressure zone. Two 360 
gpm pumps and one 340 gpm pump deliver water from the 0.5 MG, 207-foot tank to the 232-foot 
pressure zone and its 1.0 MG tank. Some residences along the waterfront are equipped with PRVs to 
protect onsite plumbing from high pressures. 

327-Foot Pressure Zone. Customers in the 327-foot pressure zone are served via booster pumps at the 
207-foot tank and a 3,000-gallon pressure tank. This pressure zone is located on the hillside west of 
Marguerite Place. 

460-Foot Pressure Zone. The existing 460-foot pressure zone currently serves the Hillview Terrace 
development and includes a 0.05 MG tank. A 6-inch-diameter supply line feeds the 460-foot pressure 
zone via two 120 gpm pumps drawing from the 232-foot pressure zone. A small booster pump station, 
pressure tank, and dedicated pipe system supplied from the main 460-foot tank serve the uppermost 
service elevations of Hillview Terrace above approximately 395 feet. 

Distribution System 

The distribution system is made up of AC, cast iron, and PVC pipelines. Pipe diameters range from 2 to 
12 inches. Hydrants are generally spaced approximately 400 feet apart in the Town business areas and 
average about 600 feet apart in residential areas. 

Standby Power Supply 

Power is provided and distributed by the regional power grid. No power is produced locally. Backup 
power is available for the WTP finished water pumps, and the 232- and 327-foot pressure zone pump 
stations via dedicated standby generators. The 460-foot pressure zone pump station is not equipped 
with standby power capability. 

SCADA System 

Two programmable logic controllers (PLCs) provide supervisory control and data acquisition (SCADA) 
control for the Town water system. One PLC is located at the water treatment plant and provides control 
of treatment and supply processes, including WTP set points, chemical dosing, and filter operations. This 
PLC also monitors level in the 207-foot tank to provide feedback for WTP operations and finished water 
pumping. Adjustments to set points and filter run schedules are completed manually, but chemical 
dosing and filter backwashing is automated based on those set points. Alarms are configured to 
electronically page WTP staff based on exceedance of a variety of water quality and process parameters. 
The PLC can also shut down the water treatment plant if certain conditions develop. 

A second PLC is located in the 327-foot pump station, and provides control for the distribution system. 
This PLC controls pump operation from the 207-foot tank to the 232- and 327-foot pressure zones, and 
also pump operation from the 232- to 460-foot pressure zone. The building housing the 327-foot pump 
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station is also the water department headquarters, so the system is monitored by water department staff 
throughout the day. A camera records and transmits digital readouts in the pump house for remote 
monitoring by water department staff. 

Alarm settings are configured to alert staff if any pump fails to activate when called, or if the 1,000 gpm 
pump to the 327-foot zone is activated, which would tend to indicate a main break or fire flow event. 
Tank levels are monitored, but not alarmed for low level. The water department shares a radio frequency 
with the fire district, and thereby has early notice of fire events. 

The Town maintains a manual for the SCADA system, with a hard copy located at the water treatment 
plant. 

6.3.2 Routine System Operation 

Routine system operation is predominantly maintained via SCADA control of the water treatment plant, 
finished water pumping, and distribution system pumping based on system monitoring feedback and 
staff inputs. WTP staff are generally present at the water treatment plant during regular business hours, 
with additional 2-hour shifts every evening, and two shifts of 2 hours each on weekends. Water 
department staff monitor the 327-foot pump station operations on a similar schedule. 

Staff monitor water level in the 207-foot tank as a surrogate for water system demands, and set WTP 
operations accordingly. Based on those manual inputs, the SCADA system operates the various WTP 
processes automatically, including filter runs and backwashes, and calls finished water pumps to 
maintain target clearwell levels. 

The SCADA system monitors certain water quality parameters continuously, including turbidity and 
chlorine concentration. 

The distribution system operates under SCADA control, and pumps are called based on tank level 
monitoring. Distribution system operation is monitored by water department staff, but is automated such 
that limited manual input is required. 

Startup and Shutdown Procedures 

Water Treatment Plant. Refer to the associated O&M manuals in Appendix L for information on WTP 
operations. 

Pumps. Pumps are normally operated and controlled by the SCADA system according to predetermined 
set points. Prior to starting pumps under manual or automatic control, all line valves should be open. If 
pumps require maintenance, the electric power disconnection switch is locked out and tagged out in 
accordance with Washington State Department of Labor and Industries code requirements. 

Standby Generators. Startup and shutdown procedures for standby generators should be completed in 
accordance with the manufacturer’s recommendations. During maintenance activities, steps are taken 
to prevent the generators from starting. 

Safety Procedures 

Besides annual training for the purpose of maintaining required CEUs, all Town operators are required to 
complete a course in the following safety-related areas: 

 Chlorination O&M 
 Self-Contained Breathing Apparatus (SCBA) 

 Trench Safety/Cave-in Protection 

 Confined Space Entry 
 Asbestos Pipe Handling 
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 Backhoe Safety 

 Safety Awareness 
 Cardiopulmonary Resuscitation (CPR)/First Aid 

 Defensive Driving/Vehicle Inspections 

 Flagging/Work Zone Safety 

Meter Reading 

Source and production meters are located at key source and treatment locations. Metered WTP process 
flows include raw water supply, finished water output to the distribution system, and water consumed for 
filter backwashing. WTP filter-to-waste flows are not metered, but can be determined volumetrically using 
the other metered WTP flows. AUG 1 supply to Trout Lake is metered at the AUG 1 pump house, and AUG 
2 is metered on the WTP site as the dedicated AUG 2 supply pipeline passes through on its way to Trout 
Lake). 

Customer service meter readings are performed monthly by water department staff, on or near the same 
day of the month for consistency of billing. Handheld devices are used to enter readings by hand. A 
warning is triggered if the entry is outside of an expected range for a given account to help avoid 
erroneous readings. 

System Performance Evaluation 

Routine system performance is evaluated daily for parameters including: 
 Finished water quality, including turbidity and chlorine residual 

 Normal pump operations and performance 
 Clearwell and storage tank levels within expected norms 

 Customer complaints, if applicable 

System performance is evaluated regularly for finished water and distribution system water quality 
(scheduled tests associated with comprehensive monitoring plan).System performance is evaluated 
annually for: 

 DSL 

 Main breaks and other repairs 
 Annual water demands relative to water rights and Trout Lake sustainable yield 

6.3.3 Preventive Maintenance 

Preventive maintenance is a proactive maintenance approach that limits infrastructure and equipment 
failures and reduces the need for reactive repairs of system components. A preventive maintenance 
program is important to maximize the life span of water system components. 

The Trout Lake reservoir, storage tank facilities, water main valves, fire hydrants, pump stations, and the 
water treatment plant are monitored on an ongoing basis. Records of maintenance or equipment are 
generally limited to receipts for items purchased to repair equipment, because the Town tracks only the 
cost of parts, not the labor needed to make repairs. 

The Town has begun replacing customer service meters on an ongoing basis, at a rate of about 80–100 
per year. This program will result in an average service life for customer service meters of around 15 
years. Consideration is also given to usage; higher-use meters are replaced as they approach a target 
service life. 

A recommended preventive maintenance program for the Friday Harbor water system is shown in Table 
6-2. 
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Table 6-2. Recommended Preventive Maintenance Program 

System component Routine maintenance Estimated frequency 

Storage • Inspect screens, hatches, ladders, cages, safety devices, roofs and 
gutters, concrete and steel integrity, exterior coatings, fencing and 
gates 

• Twice annually 

 • Inspect interior coatings • Every 5 years 

Chlorination system • Inspect for leaks • Weekly 

 • Calibrate chemical feed system • Every 3 months 

 • Overhaul chemical feed system, including cleaning and repair of all 
parts; replace worn out parts 

• Annually 

 • Inspect and chemical feed piping • Annually 

 • Inspect chemical safety equipment and repair or replace as needed • Annually 

Pump stations • Inspect pump stations for leaks • Weekly 

 • Inspect and operate isolation valves • Twice a year 

 • Inspect fencing and gates • Twice a year 

 • Inspect, clean, and repair control panels • Annually 

 • Check running amps on pump motors (electrician to perform) • Annually 

 • Service and rebuild, as necessary, pumps and motors • Every 20,000 hours of pump operation 

Meters • Test regularly and repair, recalibrate or replace as necessary • 6-inch and larger: test every 2 to 5 years 

  • 2-inch to 4-inch: test every 1 to 3 years 

Pressure reducing valves • Inspect for proper operation, note set points and adjust as needed, 
repair or replace worn or damaged parts 

• Every 3 years 

Altitude valves • Inspect for proper operation, note set points and adjust as needed, 
repair or replace worn or damaged parts 

• Every 3 years 

Distribution system, 
valves and hydrants 

• Exercise valves and replace as necessary • 1 person can inspect approximately 35 
valves/day 

• 3-person crew can replace approximately 
1.5 valves/day 

• Perform ongoing valve exercising program 

 • Inspect hydrants and exercise hydrant isolation valves • 1 person can flow and check 
approximately 30 hydrants/day 

• Perform ongoing hydrant inspection 

 • Perform distribution system flushing • Annually 

Emergency generators • Service and check load bank on generator and service engine • Annually, operate monthly for 30 minutes 

 

The Town field crew completes preventive maintenance and emergency response activities, such as pipe 
flushing and repair of main breaks. Major system improvements or extensions are designed by 
consultants and constructed under contract. 
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6.3.4 Equipment, Supplies, and Chemical Listing 

The material safety data sheets (MSDS) for the chemicals stored at the water system facilities are 
included in Appendix N. Chemicals that are necessary to ensure continuous operation of the water 
system include: 
 Chlorine gas: 150 lb cylinders, up to 20 cylinders on hand 

 Potassium permanganate: up to 2,000 lb 

 Two polymers: 

 Sumaclear 801B: up to 15 55-gallon barrels (liquid) 

 Sumaclear P10: up to six 55-gallon barrels (liquid) 

 Soda ash for pH adjustment: up to 5,000 lb 

 Bleach and dry chlorine for field disinfection: small amounts 
 De-chlorination tablets: small amounts 

A supply of spare parts is kept on hand for routine maintenance and emergency repair. This includes an 
inventory of pipes, valves, fittings, and repair couplings for every pipe material and diameter used in the 
system. 

Individual equipment manuals and operations documents are kept near associated equipment. 

6.4 Comprehensive Monitoring Plan 
Water quality sampling requirements are primarily established by federal rule, adopted by the state, and 
enforced by WSDOH. WSDOH requires water system purveyors to collect, transport, and submit water 
quality monitoring samples for analysis according to department-approved methods as detailed in WAC 
246-290-300. 

Water quality monitoring activities conducted by the Town are identified in two documents: the Water 
Quality Monitoring Report issued annually for the Town by WSDOH, and the Town Coliform Monitoring 
Plan, both included in Appendix I. The monitoring activities identified in those documents are 
summarized in Table 6-3, including sampling locations and frequency. Specific sampling requirements 
and water quality testing history is provided in Section 3. 
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Table 6-3. Town of Friday Harbor Current and Future Monitoring Program 

Type of sample Sample location Frequency Sample schedule 

Asbestos Distribution system Every 9 years Next sample in 2018 

Bacteriological 

Coliform monitoring occurs at 
representative points throughout 
distribution system. See Coliform 
Monitoring Plan in Appendix I.  

50 fecal coliform samples 
required annually in 2012; see 
Water Quality Monitoring Report 
in Appendix I. 

Coliform monitoring schedule 
varies monthly; see Water 
Quality Monitoring Report in 
Appendix I. 

Inorganic contaminants 
Source, after treatment, and prior to 
entry into the distribution system 

Annually Annually 

Lead/ Copper Targeted sample tap locations Every 3 years Next sample in 2013 

Nitrate/ Nitrite 
Source, after treatment, and prior to 
entry into the distribution system 

Annually (part of IOC) Annually 

Turbidity Before entry point to distribution system Daily Daily 

Disinfection By-Products 
Selected locations in the distribution 
system. See map in Appendix I. 

Quarterly Quarterly 

Radionuclides Source Two samples every 3 years Next sample in 2012 

Volatile Organic Contaminants 
Source, after treatment, and prior to 
entry into the distribution system 

Annually Annually 

Synthetic Organic Contaminants 
(pesticides, herbicides) 

Source, after treatment, and prior to 
entry into the distribution system 

Every 3 years Next sample in 2012 

 

6.4.1 Coliform Monitoring 

The Friday Harbor Coliform Monitoring Program is included in Appendix I. The number of samples 
required to represent a distribution system depends on the number of service connections the system 
supports. For 2012, the number of required samples per month varies to accommodate the transient 
population associated with increased tourism in the summer. The number of required samples 
fluctuates from three in the winter months to five during peak visitor months. Samples are taken from 
12 site group locations throughout the distribution system. Sampling locations are alternated throughout 
the year. 

6.4.2 Future Monitoring Requirements 

Anticipated future monitoring requirements are summarized in Section 3. 

6.5 Emergency Response Program 
Emergency planning provides an opportunity for utilities to identify and prioritize procedures to be used 
in the event of an emergency. Emergency situations may include major water supply line breaks, 
earthquakes, droughts, or damage to key facilities. 

The Town has an existing Water Shortage Response Plan (1988) and Trout Lake EAP (2007) that include 
additional information on emergency response planning for the water system. 

6.5.1 Water System Personnel Emergency Call-up List and Notification Procedures 

Emergency contact to Friday Harbor utilities staff is maintained through the San Juan County Sherriff 
Department dispatch center when utilities offices are closed. At least one Town utility staff employee 
remains in pager contact during off hours. Table 6-4 provides numbers for reporting an emergency to the 
Town. 
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Table 6-4. Emergency Telephone Numbers 

Town Water Department 360-378-8353 

Town Maintenance Shop 360-378-2154 

Sheriff Department 911 or 360-378-4151 

Fire District 911 or 360-378-5334 

 

In the event of a water system emergency, the extent of public notification required is determined by the 
Town Administrator, consistent with applicable regulations. The Town Administrator will immediately 
notify WSDOH at 253-395-6750 in the event that water shutdown is threatened or required for more 
than 24 hours, water quality is determined to be unacceptable, or the public health is threatened. Public 
notifications related to acute public-health concerns and issues with potential to have adverse effects on 
human health are to be made consistent with WAC 246-290-71001 and 40 CFR 141.201 through 208, 
to include appropriate consultation with WSDOH. 

Communications and public notices about the water system can be made public via the following means 
as appropriate to each specific situation: 

 San Juan County Department of Emergency Management (DEM) systems: 

 Emergency alert system: An automated system that can deliver geographically targeted 
emergency notifications by e-mail, text message, and telephone to County residents. 

 Media call list: Notifies area radio stations, Web site, and print newspapers. 

 Web presence: DEM has its own Web site and is member of MyStateUSA.com. Both of these 
Web sites display emergency notifications. 

 Town of Friday Harbor Web site 
 Local cable TV (Channel 21) 

 Door-to-door and in-person communication by Town staff and/or emergency responders (police/fire) 

 Door hangers and posted notices 

For internal utility and emergency communications purposes, telephones are located in all key water 
system facility locations and connected through the regular public system. Hand-held radios enable 
personnel to communicate when in the field. The radio base stations are located in the Town Hall 
building at 60 2nd Street and in the public works shop building located at 425 Marguerite Place; mobile 
units are provided in each utility truck and with key personnel. 

Table 6-5 summarizes the key Town personnel responsible for dealing with water system emergencies, 
their contact information, and their specific areas of responsibility during emergencies. 
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Table 6-5. Town of Friday Harbor Staff Responsibilities During an Emergency 

Staff Key responsibilities Contact information 

Mayor • Keep public informed  

Town Administrator 
• Public information 

• Oversee operations 
Office: 360-378-2390 

Utility Superintendent 

• Assess emergency 

• Direct warnings to users 

• Assess facility integrity 

• Contact utility crews 

• Establish control actions 

• Prioritize emergency operations 

• Direct documentation operations 

• Maintain contact with Town Administrator 

Office: 360-378-2154 
Mobile: 360-317-8162 

Lead Water Supervisor 

• Assemble utility crew 

• Assess equipment and supplies 

• Assess system issues/damage 

• Establish repair/corrective procedures 

• Execute repairs/corrections 

• Maintain contact with Utility Superintendent 

Office: 360-378-8353 

Mobile: 360-472-1229 

Office Staff 

• Contact County and other agencies 

• Answer calls 

• Maintain radio contact with crew 

Town Water Department: 360-378-8353 
Public Works Department: 360-378-2154 

Sheriff 
• Emergencies 

• Traffic control 

911 

360-378-4151 

Fire Chief • Fire control 911 or 360-378-4183 

 

6.5.2 Vulnerability Analysis and Service Reliability 

Vulnerability analysis consists of four components, summarized below: 
 Identification of critical water system components. 

 Disaster characterization and potential impact evaluation. 

 Definition of system expectations and performance goals for system components. 
 Identification of improvements and mitigations that lessen the potential impacts. 

These components are summarized in the following sections. 

Critical Components 

The critical components of the Friday Harbor water system include the Trout Lake Dam, the water 
treatment plant, and the 5.3 miles of water supply pipeline between the Trout Lake supply and the Town. 

Disaster Characterization and Corrective Measures 

A general review of the local and regional situation suggests that the following types of disasters merit 
consideration: 

Earthquake. The Puget Sound region is considered “~Zone 3 - Major Damage” among U.S. Seismic Risk 
Zones. This is characterized by potential intensity of 8 and higher on the Modified Mercalli Scale. 
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Intensity 8 on the Modified Mercalli Scale is approximately equal to intensity 6 on the Richter Scale. The 
effects of an earthquake of this intensity would include considerable damage and partial collapse of 
some buildings, displacement from foundations, ground cracks, and underground pipe damage. Likely 
impacts of a major earthquake on the Town water system are outlined in Table 6-6. 

 
Table 6-6. Impacts Related to Earthquakes 

Components 
Impact 

Type Corrective measures 
None Partial Total 

Source    Structural damage 
Assess and coordinate repairs and 
emergency response measures 
and/or operational revisions. 

Transmission     
Pipe breaks, storage loss, pump 
loss 

Isolate pipe breaks. Shift operation 
to alternative pumps. 

Treatment    Plant damage Disinfect stored water as needed. 

Distribution    Pipe breaks Isolate breaks. 

Personnel    Injury 
Call on other water systems for 
assistance. 

Power    Loss of power Distribute stored water as needed. 

Material and supplies      

Communications    
Possible communications 
outages 

Coordinate with Town staff and 
local emergency responders. 

 

Drought. Refer to the Town’s Water Shortage Response Plan, which includes ordinance language 
outlining triggers and actions for drought response activities. 

Major Water Main Break within the System. A large break in a main supply line could interrupt water 
service and cause water shortages in other areas on the system. Potential water system impacts are 
summarized in Table 6-7. 
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Table 6-7. Impacts Related to Water Main Break 

Components 
Impact 

Type Corrective measures 
None Partial Total 

Source      

Transmission     
Damage to water main,  
low pressure, flooding 

Isolate, repair, and disinfect,  
assess flooding damage. 

Treatment      

Distribution    
Damage to water main, low 
pressure, flooding 

Isolate, repair, and disinfect,  
assess flooding damage. 

Personnel    Personnel call-out Document cause of break. 

Power      

Material and supplies    Use of material inventory 
Replenish materials inventory as 
needed. 

Communications    
Coordination with Town staff and 
possibly police and fire district. 

 

 

Damage to Storage Reservoirs. Damage to reservoirs would require the system to function as it did prior 
to construction of the reservoirs. If reservoir damage occurred during peak usage times (June through 
August), customer peak demand charges could be imposed to control demand and encourage 
conservation. Impacts related to storage tank damage are summarized in Table 6-8. 

 
Table 6-8. Impacts Related to Storage Tanks 

Components 
Impact 

Type Corrective measures 
None Partial Total 

Source     

• Isolate damaged tank 

• Operate pumps manually as 
required 

• Repair damaged tank 

• Utilize other storage facilities until 
damaged tank can be brought 
back online 

Transmission     
Damage to tank,  
low pressure, flooding 

Treatment     

Distribution    
Supplied by pumping and other 
reservoirs 

Personnel    
May require additional  
personnel and time 

Power     

Material and supplies     

Communications    
Coordination with Town staff and 
possibly police and fire district 

 

Water Requirements and System Capacity. Demand on the water treatment plant during a disaster 
could be high until damaged mains or facilities could be isolated. Firefighting demands could also be 
very high. System capacity could be impaired for an extended period while repairs are completed. 
Isolating reservoirs could be an important consideration, so as not to deplete remaining stored volumes. 
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6.5.3 Contingency Operational Plan 

A contingency plan is a backup plan for operating the system when normal operations are not possible. 
The following sections outline general contingency operations for key water infrastructure. 

Source of Supply 

Emergency conditions at Trout Lake, along the water pipelines that supply the water treatment plant and 
the Town, or at the water treatment plant itself could impair water supply to the Town distribution 
system. Conditions could include source contamination, dam failure, pipeline failure, or damage or 
process failure at the water treatment plant. 

There are no neighboring water systems that would be feasible emergency intertie partners, and as 
stated in Section 1, groundwater on the island is limited. The Town does not have any groundwater wells, 
and due to the limited available groundwater on the island, the Town does not have plans to construct 
any wells or other emergency sources. In the event of a water shortage, the measures identified in the 
Water Shortage Response Plan would be initiated. Available water would be distributed according to the 
following priorities: 
 Firefighting (life-threatening) 

 Drinking 

 Firefighting (property threatening) 
 Sanitary 

 Industrial 

 Commercial 
 When used for drinking, the water quality should meet minimum state standards. 

Pump Stations 

Pump stations provide water supply from the 207-foot tank to the higher-elevation 232-, 327-, and 460-
foot pressure zones. Damage or failure of storage facilities, tank level sensors, or system SCADA controls 
could impair the automated operation of pumps. In this scenario, pumps may need to be operated 
manually by water department staff in order to maintain water supply to the affected zone or zones. 

Pump stations supplying the 232- and 327-foot zones are equipped with backup power generators. In 
the event of extended loss of power to the 460-zone pump station, 460-foot zone customers may need 
to be directed to ration water to conserve available supplies in the 460-foot tank until power can be 
restored. 

Storage Facilities 

Damage or loss of function at any of the Town water storage tanks would impair operation of the water 
system. Loss of the 207-foot tank would require careful coordination of pumping between the finished 
water pumps at the water treatment plant and the pumps serving both the 232- and 327-foot zones, to 
maintain water supply to those zones. Loss of the 232-foot tank would require careful manual control of 
pumps feeding the 232-foot zone to maintain distribution system pressures. Loss of the 460-foot zone 
tank would require careful manual control of pumps feeding the 460-foot zone to maintain distribution 
system pressures. 

Distribution System 

If a main break or other impairment of the distribution system creates a hazardous situation or otherwise 
requires repair, the area will need to be isolated as quickly as possible so that repairs can be made. 
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6.6 Safety Procedures 
Worker safety is the responsibility of all water system employees, and the best way to prevent injuries is 
to provide the necessary training for workers to identify and respond to dangerous situations. Areas of 
concern for water system employees include: 

 Chlorine gas hazards 
 Trench excavation 

 Electrical hazards 

 AC pipe work and repair hazards 
 Pressured pipeline dangers 

 Confined-space entry 

 Chemical danger 
 Traffic control procedures 

 Animal control methods and procedures 

Training that water system personnel receive related to safety is summarized in previous sections. Safety 
procedures related to chemical handling are summarized in the Water Treatment Plant Operations and 
Maintenance Manual, in Appendix L. 

6.7 Cross-Connection Control Program 
The Cross-Connection Control Program seeks to prevent possible contamination of the water supply 
resulting from backflow into the system. An ordinance was adopted in 1995 and a written program was 
developed in 1996. Copies of the Town’s cross-connection program and ordinance are in Appendix H. 

The Town provides water service primarily to single-family homes in a semi-urban and rural setting. Other 
consumers include restaurants, business offices, and schools. These types of users pose a low potential 
risk of contamination of the water system. Owners of buildings using sprinkler systems for fire protection 
are required to install and maintain at their own expense approved backflow prevention devices. The 
type of device required can be found in the latest edition of the Cross-Connection Control Manual, 
Accepted Procedure and Practice, published by the Cross-Connection Control Committee, Pacific 
Northwest Section, AWWA. 

New installations are reviewed for compliance and proper functioning of backflow prevention devices. 
Inspections of existing backflow prevention devices are prioritized according to an evaluation of potential 
health risks, with higher priorities for schools and other sensitive facilities. Periodic surveillance 
inspections of premises served check for potential cross-connection risks. If any are found corrections 
are ordered, or, in the case of immediate hazard, service is discontinued. 

Members of the field staff have been trained and certified as cross-connection specialists. 

6.8 Customer Complaint Response Program 
The Town maintains a public phone number for customer service: 360-378-2810. Customer calls may 
include reporting of water main breaks or leaks, low service pressure, or water quality issues. The Town 
responds immediately to resolve customer complaints. Written complaints are kept on file in accordance 
with state records retention laws. Work orders are issued to correct major system deficiencies. 
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6.9 Record Keeping and Reporting 
Table 6-9 summarizes the operations and water quality test records the Town is required to retain, and 
the time periods for which the records must be kept in accordance with WAC 246-290-480. 

 
Table 6-9. Town of Friday Harbor Record Keeping Requirements 

Report Record keeping 

Bacteriological analysis 5 years (minimum) 

Turbidity analysis 5 years (minimum) 

Chemical analysis Duration of operation 

Other operations and analyses 3 years (minimum) 

Corrective actions 3 years 

Reports, sanitary surveys, and communication with local, state, and federal authorities 10 years 

Project reports, construction documents, and inspections Duration of operation 

Chlorine residuals, fluoride levels 3 years 

WTP chemicals used, volume of water tracked, turbidity, etc. 3 years 

 

6.10 System Improvement Needs 
No major improvement needs were identified during the analysis of the Town’s O&M program. 
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Section 7 

Distribution Facilities Design and 
Construction Standards 
The objective of this section is to describe the water system distribution facilities design and 
construction standards that enable the Town to utilize an alternative approval process and implement 
certain improvements and repairs to the water system without having to first solicit formal review and 
approval from WSDOH. With advanced approval of design and construction standards along with an 
approved WSP, the Town does not need to obtain written WSDOH approval of individual project reports 
and construction documents for projects relating to distribution mains and other distribution-related 
facilities. The Town must still comply with all applicable sections of the regulations, including project 
report and construction document requirements listed under WAC 246-290, whether or not documents 
are submitted to WSDOH for approval. The Town verifies the applicability of this submittal exception 
process for each project. 

Distribution-related projects eligible under the alternative approval process include storage tanks and 
reservoirs, booster pump facilities, transmission mains, distribution mains, pipe linings, and tank 
coatings. Sources of supply and water quality treatment projects are not eligible under this alternative 
review process. Such projects must be submitted to WSDOH for review and approval prior to 
construction. Source-of-supply projects refer to all work involving the development of a new source or 
redevelopment of an existing source at the wellhead, interties, and/or any project that would result in 
source capacity changes. 

Town design and construction standards are consistent with WSDOH design guidance, generally 
accepted engineering practices and principles, and WAC 246-290. 

7.1 Project Review Procedures 
The Town has developed standards and requirements pertaining to water line projects. These standards 
are utilized in the Town’s project review process. During the review process, the Town Engineer, the Town 
Administrator, or a consulting engineer appointed by the Town typically will review the plans of the 
proposed project to verify that the project plans and specifications are consistent with the Town’s 
construction and development standards as well as this WSP. The Town’s development and construction 
standards for its water system are defined in the Town of Friday Harbor’s WSDOH-approved Developer’s 
Extension Agreement, included in Appendix E. FHMC Chapter 13.08 adopts these specifications. 

The Developer’s Extension Agreement and Friday Harbor Municipal Code include the process by which a 
new service is requested and provided. 

7.2 Policies and Requirements for Outside Parties 
The Town has established policies and requirements for development/extension of the water system by 
outside parties, such as developers. Outside parties making alterations to the system are required to 
comply with the policies and requirements included in this WSP and the following documents: 

 Town’s Developer Extension Agreement 
 Town of Friday Harbor Ordinances: Chapter 13, Public Services 
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The above policies include various requirements for system performance and development standards 
including but not limited to rights-of-way, looping requirements, minimum fire flow requirements, 
Coordinated Water System Plans, and level-of-service standards according to the GMA. 

7.3 Design Standards 
The water system levels of service and sizing criteria identified in Table 3-1 are intended to maintain a 
system performance in accordance with WAC 246-290 and the WSDOH Group A Public Water Systems 
Waterworks Standards. The following hydraulic and sizing criteria apply to developers proposing to 
extend the Town’s water system: 

 Maintain 30 psi minimum pressure throughout the distribution system during PHD conditions 

 Maintain 20 psi minimum pressure throughout the distribution system during fire flow under MDD 
conditions 

 Limit pipe velocities to approximately 8 fps 

 Limit main pressures in the distribution system to 100 psi 
 The minimum line size is 8 inches for dead-end lines and 6 inches for looped lines 

It is the responsibility of the prospective developer to perform water system modeling necessary to show 
that these criteria are met. The Town maintains a model of the existing water system to serve as the 
basis for this modeling. Water line sizes for projects within the existing system will be determined on a 
case-by-case basis relative to the above requirements. 

7.4 Construction Standards 
The Town’s Developer Extension Agreement (Appendix E) specifically addresses the accepted materials 
and construction methods for water system improvements and repairs. This includes equipment and 
material for the following components: 
 Piping 

 Fittings, valves, couplings, and hydrants 

 Bedding and backfill 
 Water line sterilization and flushing 

7.5 Construction Certification and Follow-Up Procedures 
The Town ensures that water system distribution projects are constructed in accordance with the water 
utility’s construction standards by inspecting the construction, observing testing, and collecting 
bacteriological test results. As described in the Town’s Developer Extension Agreement, prior to installing 
a meter on a new water line or service, the extension must pass pressure and bacteriological tests, as-
built records must be submitted, and the Town must complete a final inspection. Projects in public 
rights-of-way are conveyed to the Town upon completion. 

A WSDOH Construction Completion Report for Public Water System Projects is completed at the end of 
each water system project involving construction of source or treatment system improvements, booster 
pumps, reservoirs, transmission mains, distribution-related improvements, or the coating of water 
system tanks, and is submitted to WSDOH along with as-built construction records consistent with WAC 
246-290-120. The maps of the existing system included in this document have been updated to reflect 
recent changes. In the future these maps will be updated periodically as water system projects and 
developer extensions are completed. 
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Section 8 

Improvement Program 
The following sections outline a proposed CIP for the Friday Harbor water system. Improvements are 
proposed consistent with issues and deficiencies identified in the preceding sections, and scheduled 
according to priority for the water system. Planning-level cost estimates are presented for each proposed 
improvement and projects are schedule through the planning period to distribute costs impacts such 
that they can be effectively managed. 

8.1 System Improvements 
The following sections outline system improvements identified in previous sections. In all cases, time 
frames are identified based on water demand projections developed for this WSP. Actual water demand 
growth may come more rapidly or slowly than projected. The Town should track future growth in water 
demands relative to the capacity thresholds identified previously for each major water system 
component, and evaluate options to increase capacity accordingly. 

8.1.1 Water Supply Sources 

Current approved sources have a sustainable annual yield that is adequate to supply projected ADDs 
until 2029. If water system demand growth develops consistent with WSP projections, the Town should 
begin to explore potential source-of-supply modifications at the Trout Lake reservoir or alternative water 
supply development no later than 2025. Options to expand the Town source of supply could include: 

 Modifications to Trout Lake Dam to increase storage capacity and annual sustainable yield from the 
Trout Lake water supply. A 1994 KCM report indicated that a 7-foot increase in dam elevation was 
feasible. 

 Development of alternative sources of water supply. Alternative sources could include new surface 
water or groundwater sources, which could require new water rights and/or source and treatment 
facilities, or seawater sources requiring advanced desalination treatment. 

Time frame: Begin exploring by 2025, projected to reach capacity in 2029. 

Proposed source improvements are summarized as follows: 
 Source – 1: Evaluate modifications to the Trout Lake Dam or alternative sources of supply to 

increase the available sustainable annual water supply yield available to the Town. 

8.1.2 Water Treatment 

The Town water treatment plant is projected to reach its rated capacity in 2027 and associated 
equipment and systems are aging. The limiting elements in terms of treatment system capacity are the 
chlorine contact clearwell and finished water pumping capacity. Beginning no later than 2023, the Town 
should explore modifications and upgrades to the water treatment plant to refresh/replace aging 
equipment as appropriate and expand capacity to meet future water demands. Alternatively, 
development of an alternative water supply as described above could avoid the need for WTP capacity 
upgrades. 

The WTP currently uses a chlorine gas disinfection system. Requirements for secure transportation of 
chlorine gas cylinders to the island are growing increasingly complex and challenging, and the Town 
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wishes to explore alternative chlorine disinfection approaches, as have been similarly implemented 
recently at the Town wastewater treatment facilities. 

Time frame: Begin exploring WTP capacity and equipment renewal/replacement needs by 2023; the 
WTP is projected to reach capacity in 2027. Evaluate options to replace the chlorine gas disinfection 
system with an alternate chlorine disinfectant immediately. 

Proposed treatment improvements are summarized as follows: 
 Treatment – 1: Evaluate the condition, maintenance, and remaining useful life of water treatment 

plant equipment. Evaluate modifications and upgrades to the existing Town water treatment plant to 
refresh/replace equipment as appropriate and increase treatment capacity. The chlorine contact 
clearwell and finished water pumping are the most capacity-limited processes, although other 
processes could also be targeted for capacity enhancement as part of WTP upgrades. WTP capacity 
upgrades are conditional on future capacity needs and evaluations of source-of-supply alternatives, 
and may not be required if alternative sources of supply are developed or if system and demand 
growth is not realized to the extent currently envisioned. 

 Treatment – 2: Explore alternative chlorine disinfection approaches for the WTP to replace the 
existing chlorine gas based disinfection system. 

8.1.3 Water Storage 

Overall Town water storage capacity is generally sufficient to meet projected needs during the 20-year 
planning period. A zone-specific storage deficiency has been identified for the 460-foot zone. Consistent 
with the findings of previous studies, additional storage should be constructed in the 460-foot zone in 
the immediate future. 

Time frame: Begin exploring improvements during the 6-year planning period; 460-foot zone storage 
capacity is already deficient. 

Proposed storage improvements are summarized as follows: 
 Storage – 1: Construct a new 460-foot zone storage tank adjacent to the existing tank with a 

70,000-gallon recommended capacity. Alternatively, construct a new 125,000-gallon replacement 
tank. 

8.1.4 Water Transmission 

The Town water system has sufficient transmission pumping capacity to meet projected water demands 
throughout the 20-year planning period. The 207- to 232-foot zone pump station is projected to reach 
capacity in 2032. Beginning in 2029, the Town may need to explore capacity upgrades to that pump 
station, noting that alternative approaches to solving projected water source and water treatment 
deficits could avert the need for a transmission capacity upgrade. Additionally, the water supply pipeline 
improvements described in subsequent sections may also mitigate this projected deficiency by altering 
the nature of connections between tanks and pressure zones in the vicinity of the 207-foot tank, such 
that the 232-foot pressure zone would receive direct hydraulic supply and would no longer depend on 
the 207- to 232-foot pump station for supply. 

Because of the time frame for this potential deficiency, and because other considerations may mitigate it 
in the meantime, no specific actions related to the deficiency are proposed. 

8.1.5 Water Supply Pipelines 

To reduce the risks of failure for the existing water supply pipelines and address level-of-service 
considerations for customers with service connections along the water supply pipeline alignment, the 
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Town has assessed alternatives for pipeline replacement, selected preferred alternatives, and developed 
a preliminary design for improvements. 

Time frame: Construction in 2015–17, subject to funding availability. 

Proposed water supply pipeline improvements are summarized as follows: 
 Water Supply Pipeline – 1: Design and construct water supply line improvements from the water 

treatment plant to the Town 0.5 MG storage tank. Includes approximately 19,500 LF of 12-inch-
diameter DI water main and related appurtenances. Implement service adjustments to ensure that 
adequate chlorine disinfection levels are maintained for customers along the finished water pipeline 
alignment. Construct new PRV, pressure-sustaining valve, and altitude valve stations and associated 
piping to interconnect the new water supply pipeline to the existing 232- and 327-foot zones and 
207-foot tank, and to establish a new 240-foot plus pressure zone along the water supply pipeline. 

 Water Supply Pipeline – 2: Design and construct water supply line improvements from Trout Lake 
Dam to the water treatment plant. Includes approximately 4,800 LF of 12-inch-diameter HDPE water 
main, 200 LF of 12-inch-diameter DI water main, and related appurtenances. Includes 
environmental mitigation related to wetlands. 

8.1.6 Water Distribution 

System hydraulic modeling suggests that some areas of the Town water distribution system could be 
deficient in their ability to maintain 30 psi minimum service pressures under PHD conditions and 20 psi 
minimum service pressures under MDD plus fire flow conditions. Improvements include construction of 
piping and PRV improvements to improve distribution system capacity in two areas: the north end of the 
232-foot zone, and the vicinity of the airport and Skagit Valley College. Some areas of the distribution 
system also experience higher than optimal pressures, as summarized in Section 3. To the extent that 
funding allows, the Town will also endeavor to identify and implement improvements to manage, 
mitigate, and reduce high system pressure areas. 

Time frame: Begin exploring improvements during 6-year planning period; areas noted are currently 
deficient. 

Proposed distribution improvements are summarized as follows: 
 Distribution – 1: Design and construct piping improvements in the vicinity of the airport and Skagit 

Valley College to improve fire flow performance. Includes approximately 1,800 LF of 12-inch-
diameter DI water main and related appurtenances. 

 Distribution – 2: Design and construct piping improvements running from a new PRV (see 
Distribution – 3) south along Terrace Drive to Roche Harbor Road, along Roche Harbor Road to 
University Road, and north along University Road along the frontage of the proposed Finnegan Ridge 
and Friday Cove developments. Includes approximately 3,700 LF of 8-inch-diameter DI water main 
and related appurtenances. 

 Distribution – 3: Design and construct a new PRV at the intersection of Terrace Drive and 
University/Tuesday Way set to maintain a 327-foot downstream HGL and fed from the existing 6-
inch-diameter mains along Terrace Drive and University/Tuesday Way. 

 Additional distribution improvements have been identified by the Town to address areas with aging 
water mains that have experienced an increasing frequency of main breaks. 

Time frame: Begin exploring improvements early in 6-year planning period. 
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Proposed distribution improvements are summarized as follows: 
 Distribution – 4: Design and construct piping improvements on Marguerite Place from Guard Street 

to Park Street, and on Park Street from Marguerite Place to Price Street. Replace approximately 
1,250 LF of 4-inch-diameter AC water main with 8-inch-diameter DI water main. 

 Distribution – 5: Design and construct piping improvements on Spring Street from Front Street to 1st 
Street, and from 2nd Street to Argyle Avenue. Approximately 530 LF of 8-inch-diameter DI water 
main. 

 Distribution – 6: Design and construct piping improvements on Pear Point Road from Argyle Avenue 
to Jackson Beach Road. Replace approximately 2,400 LF of parallel 4- and 6-inch-diameter water 
mains with 8-inch-diameter DI water main. 

 Distribution – 7: Design and construct piping improvements on Harrison Street from Spring Street to 
Warbass Way. Replace approximately 2,600 LF of 4- and 6-inch-diameter water mains with 8-inch-
diameter DI water main. 

8.1.7 Water Use Efficiency 

No WUE improvement needs have been identified. 

8.1.8 Water Rights 

No water rights improvement needs have been identified. 

8.1.9 System Reliability 

No system reliability improvement needs have been identified. 

8.1.10 Operations and Maintenance 

No O&M improvement needs have been identified. 

8.1.11 Water System Management 

WSDOH requires a WSP update to be completed every 6 years, counted from the approval date of the 
previous WSP. Approval of this WSP will likely take place in 2013; subsequent WSP updates would be 
scheduled for 2019, 2025, and 2031, and are noted in the CIP. In addition to a continued focus on 
potential future source-of-supply and treatment process needs, the 2019 WSP should likely include 
significant focus on distribution pressure management, and seek to identify and implement 
improvements to reduce and eliminate system high- and low-pressure areas to the extent practical. 

Proposed water system management improvements are summarized as follows: 
 Management – 1: Complete Water System Plan updates on a 6-year rolling schedule (2019, 2025, 

2031). 
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8.1.12 Summary 

Table 8-1 summarizes proposed capital improvement projects as detailed in the preceding sections. 

 
Table 8-1. Proposed Capital Improvement Projects 

Improvement Description 

Source – 1 
Evaluate modifications to the Trout Lake Dam or alternative sources of supply to increase the available sustainable 
annual water supply yield available to the Town. 

Treatment – 1 

Evaluate the condition, maintenance, and remaining useful life of water treatment plant equipment. Evaluate 
modifications and upgrades to the existing Town WTP to refresh/replace equipment as appropriate and increase 
treatment capacity. The chlorine contact clearwell and finished water pumping are the most capacity-limited 
processes, although other processes could also be targeted for capacity enhancement as part of WTP upgrades. WTP 
capacity upgrades are conditional on future capacity needs and evaluations of source-of-supply alternatives, and may 
not be required if alternative sources of supply are developed or if system and demand growth is not realized to the 
extent currently envisioned. 

Treatment – 2 
Explore alternative chlorine disinfection approaches for the WTP to replace the existing chlorine gas based disinfection 
system. 

Storage – 1 
Construct a new 460 zone storage tank adjacent to the existing tank with a 70,000-gallon recommended capacity. 
Alternatively, construct a new 125,000-gallon replacement tank. 

Water Supply Pipeline – 1 

Design and construct water supply line improvements from the WTP to the Town 0.5 MG storage tank. Includes 
approximately 19,500 LF of 12" DI water main and related appurtenances. Implement service adjustments to ensure 
that adequate chlorine disinfection levels are maintained for customers along the finished water pipeline alignment. 
Construct new PRV, pressure-sustaining valve, and altitude valve stations and associated piping to interconnect the 
new water supply pipeline to the existing 232- and 327-foot zones and 207-foot tank, and to establish a new 240-foot 
plus pressure zone along the water supply pipeline. 

Water Supply Pipeline – 2 
Design and construct water supply line improvements from Trout Lake Dam to the WTP. Includes approximately 4,800 
LF of 12" HDPE water main, 200 LF of 12" DI water main and related appurtenances. Includes environmental 
mitigation related to wetlands. 

Distribution – 1 
Design and construct piping improvements in vicinity of the airport and Skagit Valley College to improve fire flow 
performance. Includes approximately 1,800 LF of 12" DI water main and related appurtenances. 

Distribution – 2 

Design and construct piping improvements running from a new PRV (see Distribution – 3) south along Terrace Drive to 
Roche Harbor Road, along Roche Harbor Road to University Road, and north along University Road along the frontage 
of the proposed Finnegan Ridge and Friday Cove developments. Includes approximately 3,700 LF of 8" DI water main 
and related appurtenances. 

Distribution – 3 
Design and construct a new PRV at the intersection of Terrace Drive and University/Tuesday Way set to maintain a 327-
foot downstream HGL and fed from the existing 6" mains along Terrace Drive and University/Tuesday Way. 

Distribution – 4 
Design and construct piping improvements on Marguerite Place from Guard Street to Park Street, and on Park Street 
from Marguerite Place to Price Street. Replace approximately 1,250 LF of 4" AC water main with 8" DI water main. 

Distribution – 5 
Design and construct pipe replacement improvements on Spring Street from Front Street to 1st Street, and from 2nd 
Street to Argyle Avenue. Approximately 530 LF of 8" DI water main. 

Distribution – 6 
Design and construct piping improvements on Pear Point Road from Argyle Avenue to Jackson Beach Road. Replace 
approximately 2,400 LF of parallel 4" and 6" water mains with 8" DI water main. 

Distribution – 7 
Design and construct piping improvements on Harrison Street from Spring Street to Warbass Way. Replace 
approximately 2,600 LF of 4" and 6" water mains with 8" DI water main. 

Management – 1 Complete Water System Plan updates on a 6-year rolling schedule (2019, 2025, 2031). 
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8.2 Cost Estimates and Schedule 
Table 8-2 summarizes proposed schedule and estimated costs for proposed capital improvement 
projects. For project planning and funding estimate purposes, contingency levels for capital construction 
cost allowances are estimated at 30 percent of the total estimated capital construction costs. Costs for 
project administration, planning, design and engineering, construction management, and permitting, as 
appropriate, are estimated at 30 percent of the total estimated capital construction costs including 
contingency allowance. 

Items that do not include construction elements do not include these markups. Estimates are in October 
2012 dollars. 

 
Table 8-2. Schedule and Cost Estimates for Proposed Capital Improvement Projects 

Improvement Costa 2013 2014 2015 2016 2017 2018 2019–22b 2023–32b 

Source – 1 $150,000        $150,000 

Treatment – 1 $150,000        $150,000 

Treatment – 2 c $75,000 $75,000        

Storage – 1 $355,000     $355,000    

Water Supply 
Pipeline – 1d 

$7,287,000 $65,000  $3,611,000 $3,611,000     

Water Supply 
Pipeline – 2d 

$3,049,000 $65,000   $1,492,000 $1,492,000    

Distribution – 1 $731,000   $731,000      

Distribution – 2 $1,251,000      $1,251,000   

Distribution – 3 $169,000      $169,000   

Distribution – 4e $320,000 $160,000 $160,000       

Distribution – 5 $180,000 $90,000 $90,000       

Distribution – 6 $812,000   $812,000      

Distribution – 7 $879,000    $879,000     

Management – 1 $200,000 each       $200,000 $400,000 

Total $16,008,000 $455,000 $250,000 $5,154,000 $5,982,000 $1,847,000 $1,420,000 $200,000 $700,000 

a. All cost estimate allowances are expressed on a 2012 cost basis and generally include a 30 percent contingency allowance and an 
additional 30 percent allowance for project administration, planning, design and engineering, construction management, and permitting, 
as appropriate. No markup is allocated for planning studies or management activities. 

b. Includes only those system needs that are currently anticipated and identified. Additional future needs as a result of subsequent system 
assessment and planning efforts may be considered likely. 

c. Values presented represent rough estimates developed for budgetary purposes only, no detailed or formal cost estimating has been 
developed for this improvement project. 

d. Scheduled subject to available project funding. Water supply pipeline cost estimates include cost allowances that are additive to those 
presented in the prior construction cost estimates for the water supply pipeline. Costs for potential environmental mitigation needs and for 
planned PRV, pressure-sustaining valve, and altitude valve stations have been added into the cost estimate totals for the water supply 
pipeline projects. 

e. Cost estimating assumes economies of scale and coordination/cost synergies with other utility improvements (street and sewer) that the 
Town plans to construct along with these improvements. 
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Project cost estimate allowances have been developed for each water system improvement element 
according to consistent criteria, and include allowances for construction activities, site restoration, 
construction contractor general conditions, overhead, profit, bonding, insurance, and associated 
materials shipping and handling. Pipeline cost allowances are estimated based on fully restrained joint 
DI pipe water main installation to include fire hydrants and isolation valves at typical spacing. Actual 
project costs may vary significantly from the allowances presented herein depending on scope, schedule, 
complexity, and economic variability. 

All project cost estimates have been developed as allowances according to the 2012 Pacific Northwest 
economic construction climate consistent with Class 4 cost estimating according to the Association for 
the Advancement of Cost Estimating International (AACEI) criteria. A Class 4 estimate is defined as a 
planning-level or technical feasibility estimate, where project engineering and design is between 1 and 
20 percent complete. Such estimates are typically developed for planning level cost scopes or to 
evaluate design alternatives where further design and cost estimate refinement can be completed as 
project planning moves forward. Expected accuracy for Class 4 estimates typically ranges from -
30 percent on the low side to +50 percent on the high side, depending on technological complexity, 
appropriate reference information, and the inclusion of appropriate contingency estimation. 
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Section 9 

Financial Program 
The primary goal of the financial program is to develop a multi-year rate strategy that will provide stable 
revenue to meet the total costs of providing water service, including anticipated capital and operating 
costs. Financial program development encompasses the following elements: 
 Financial structure 

 Fiscal policies 

 Past financial performance and obligations 
 Operating costs 

 Capital costs and financing 

 Anticipated financial forecasts 
 Utility funds reserves and rates 

 Financial resources 

 Potential funding assistance 

In particular, the financial program evaluates financial impacts related to implementation of the water 
system CIP and develops rate strategies for meeting associated future capital and operations costs. 

9.1 Financial Structure 
The Town maintains water system operations and implements improvements through a water utility 
fund. The water utility is responsible for funding all of its related utility costs through user fees. The water 
utility does not depend on general tax revenues or general fund resources. Ongoing monthly user 
charges for water service provide the primary revenue source for water utility funding, with additional 
revenues derived from installation charges, reconnection fees, and labor and material charges. The 
Town establishes utility user charges by ordinance and, subject to statutory authority, can adjust user 
charges as needed to meet financial objectives. 

The Town maintains fund structures and implements financial policies that target management of a 
financially viable and fiscally responsible enterprise fund utility. The water system financial program 
addresses the following water utility funds: 
 Operating Fund: Designated to cover operating costs 

 Capital Projects Fund: Designated to cover capital costs 

 Debt Reserve Fund: Set aside to cover bond reserve requirements and used to pay off bond 
retirement 

 Study Reserve Fund: Used to fund studies beneficial to the water system 

 Land Acquisition Reserve Fund: Used to purchase land benefiting the water system 
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9.2 Fiscal Policies 
The Financial Program and associated analyses are based on a framework of fiscal policies that promote 
the financial integrity and stability of the Town water utility. A brief summary of the key financial policies 
employed by the Town, as well as those recommended and incorporated in the financial program, is 
provided below. 

9.2.1 Reserve Funds 

Like any business, a municipal utility requires certain minimum levels of cash reserves to operate. These 
reserves address variability and timing of expenditures and receipts, as well as occasional disruptions in 
activities, costs, or revenues. Given the responsibility of a water utility to provide an essential service in 
conformance with specific and expected standards, protection against financial disruption is even more 
important for a water utility than it would be for many private-sector or non-essential counterparts. 

In addition to protecting the utility against financial disruption, a defined reserve structure serves to 
maintain appropriate segregations of funds and to promote the use of resources for their intended 
purposes. The Town water utility maintains the following reserve funds: 

 Operating Reserve: Designed to provide a liquidity cushion to ensure that adequate cash working 
capital will be maintained to deal with significant cash balance fluctuations such as unanticipated 
cash expenses or lower-than-expected revenue collections. The current Town policy is to maintain a 
minimum balance in the Operating Fund equal to 60 days of typical O&M expenses. This target is 
within industry standards for a water utility. 

 Capital Projects Reserve: An amount of cash set aside in case of an emergency should a piece of 
equipment or a portion of the utility’s infrastructure fail unexpectedly. The reserve could also be 
used for other unanticipated capital needs, including capital project cost overruns. Industry practice 
ranges from maintaining a balance equal to 1 to 2 percent of fixed assets, an amount equal to a 5-
year rolling average of CIP costs, or an amount determined sufficient to fund an equipment failure 
(other than catastrophic failure). The final target level should balance industry standards with the 
Town risk tolerance; a target of 2 percent of fixed assets has been used for Financial Program 
analyses, ranging from $205,000 in 2013 to $547,000 in 2018, as completed CIP projects increase 
the total value of fixed assets. 

 Debt Reserve Fund: Generally set according to debt covenant requirements and described in greater 
detail in the Debt section below. The Town uses this fund to cover bond reserve requirements and to 
retire bonds. 

 Study Reserve Fund: Used to fund studies beneficial to the water system. 

 Land Acquisition Reserve Fund: Used to purchase land benefiting the water system. 

9.2.2 System Reinvestment 

The purpose of system reinvestment funding is to provide for the replacement of aging system facilities 
in order to ensure sustainability of the system for ongoing operation. Each year, utility assets lose value, 
and as their condition and remaining useful service life deteriorates, they will eventually need to be 
renewed, refreshed, or replaced. The accumulating loss in asset value and likely future liability is often 
measured for reporting purposes through an annual depreciation expense, which is based on the original 
cost of the asset. While this reported expense reflects the consumption of the existing asset and its 
original investment, the replacement of that asset will likely cost much more, factoring in inflation and 
construction conditions. Therefore, the added annual replacement liability is even greater than the 
annual depreciation expense. 
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The Town currently operates on a “cash basis” and does not calculate depreciation. Based only on the 
improvements proposed in the current water system CIP, depreciation expenses would be anticipated to 
reach $360,000 by the end of the planning period. The Town has historically funded system 
reinvestment at varying levels. In this analysis, the system reinvestment expense remains at $500,000 
per year throughout the forecast period. These monies are put directly into the Capital Projects Fund and 
are made available for capital project costs. 

9.2.3 Debt 

As part of broader utility financial policy structures, it is prudent to consider policies related to debt 
management. As a security condition of issuance for some debt such as revenue bonds, the Town would 
be required per covenant to agree that the revenue bond debt would have a higher priority for payment 
(a senior lien) compared to most other utility expenditures. The only outlays with a higher lien level would 
be O&M expenses. 

Debt service coverage is expressed as a multiplier of the annual revenue bond debt service payment. For 
example, a 1.0 coverage factor would imply that no additional cushion is required. A 1.25 coverage 
factor means revenue must be sufficient to pay O&M expenses and annual revenue bond debt service 
payments, plus an additional 25 percent of annual revenue bond debt service payments. The excess 
cash flow derived from the added coverage, if any, can be used for any utility purpose, including funding 
capital projects. Targeting higher debt coverage factors can help the Town achieve a better credit rating 
and provide lower interest rates for future debt issues. Existing Town bond covenants require a 1.25 
debt coverage factor. 

9.3 Past Financial Performance 
A summary of fund resources and uses arising from Town water utility cash transactions for the previous 
6 years, 2006 through 2011, is shown in Table 9-1. Noteworthy findings and trends are discussed below 
to demonstrate the historical performance and condition of the utility. 
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Table 9-1. Summary of Historical Fund Resources and Uses Arising from Cash Transactions 

Resources and Uses 2006 2007 2008 2009 2010 2011 

Revenue       

• Revenue usage charge $739,189 $748,010 $758,801 $820,648 $747,175 $707,753 

• Base charge 699,479 759,267 820,873 910,401 946,385 950,274 

• Other revenue 60,655 30,083 55,037 14,802 6,740 42,156 

Total revenue $1,499,323 $1,537,360 $1,634,711 $1,745,851 $1,700,299 $1,700,183 

Operating expenditures       

• Utilities administration $105,678 $111,162 $119,195 $125,694 $122,425 $118,191 

• Administration planning 34,293 24,223 20,071 20,763 20,521 21,598 

• Sys tem administrator 16,649 18,756 19,256 18,954 18,206 18,679 

• Finance/customer service 40,961 39,199 43,361 46,432 46,909 52,926 

• Meter reading 21,961 21,437 17,114 16,576 19,484 14,616 

• Treatment 450,139 349,900 386,429 384,627 377,944 381,821 

• Distribution 242,903 251,662 242,587 236,037 238,112 277,178 

• Cross connection 50,821 53,983 57,287 44,977 42,944 45,956 

• Watershed - - - 13,071 2,221 10,981 

• Other operating 24,534 34,215 51,335 31,251 33,103 124,786 

• Debt 38,376 38,014 37,652 37,290 36,928 36,566 

• Bond redemption 140,100 137,300 134,538 135,600 136,500 132,100 

• Main extension 3,635 30,986 11,179 2,210 3,820 2,355 

• Connection costs 4,014 2,813 15,382 1,988 999 2,669 

• Improvements 2,017 6,287 3,222 11,721 2,800 - 

Total operating expenditures $1,176,080 $1,119,937 $1,158,608 $1,127,192 $1,102,914 $1,240,421 

Operating surplus (deficit) $323,243 $417,423 $476,103 $618,659 $597,385 $459,762 

Transfers       

• To separation reserve $2,350 $1,500 $1,500 $6,800 $6,800 $6,800 

• Argyle loan redemption 8,921 - - - - - 

• To public works fund - - - - - 16,000 

• To water capital reserve fund 226,000 301,000 416,000 366,000 466,000 659,500 

• To equipment reserve 43,700 43,700 35,400 25,600 25,600 25,600 

• To study reserve 10,000 10,000 20,000 100,000 25,000 - 

• To repair reserve 19,500 19,500 19,500 19,500 19,500 - 

• To land reserve - - - - - - 

Total transfers $310,471 $375,700 $492,400 $517,900 $542,900 $707,900 

Total cash outlay $1,486,551 $1,495,637 $1,651,008 $1,645,092 $1,645,814 $1,948,321 

Surplus (deficit) $12,772 $41,723 $(16,297) $100,759 $54,485 $(248,138) 
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Given the Town’s past 6 years of water utility financial transactions, the following trends and conditions 
are evident: 
 Water sales revenue still appears to be increasing, although usage charge revenue began to 

decrease in 2009. Base charge revenue continued to increase through 2011, and although the 
increases have been smaller in recent years, overall water sales revenue ended 2011 nearly 
$220,000 higher than 2006. Expenditures fluctuated a bit more and ended 2011 approximately 
$64,000 higher than 2006. Total cash outlay has increased $462,000 over the 6-year period 

 The O&M Coverage Ratio (water sales revenues divided by total operating expenses) began 2006 at 
1.22, increased to 1.54 in 2009 and 2010, and decreased to 1.34 in 2011. Anything over 1.00 
shows that water sales can independently cover operating expenses. 

 The Operating Ratio (total operating expenses divided by total operating revenues) began 2006 at 
76.44 percent, decreased to a low of 64.56 percent in 2009, and increased to 72.96 percent in 
2011. A ratio greater than 90 percent would indicate that there is little room for new debt service 
and capital replacement without additional rate increases. A ratio greater than 100 percent would 
indicate that operating expenses exceed operating revenues and would be indicative of an 
unsustainable financial condition. 

9.4 Operating Costs 
A financial program can provide qualified assurance of financial feasibility only if it considers the total 
system costs of providing water service, including both operating and capital costs. The operating costs 
identify ongoing annual non-capital costs associated with the operation, maintenance, and 
administration of the Town water system. 

Town water system operating costs are initially developed from 2013 budget documents. Future costs 
are adjusted annually for inflationary increases. Any known future changes, such as new or enhanced 
programs, increased operating costs, and/or additional staffing needs, are added in the years they are 
planned. The following is a list of the key expense factors and assumptions used to develop financial 
forecasts: 
 Annual inflation factors: General and labor escalation begins at 2.07 percent and increases to 

3.0 percent by 2015; benefits remain at 10.0 percent; construction cost escalation begins at 
3.19 percent and increases to 4.0 percent by 2015. 

 Existing debt: The Town currently has one outstanding revenue bond, which will expire in 2013. The 
final payment of $163,000 will be made from the debt reserve fund. 

 Revenue bond assumptions: The forecast assumes a revenue bond interest rate of 5.0 percent, an 
issuance cost of 2.0 percent and a term of 20 years for all revenue bonds. 

 Future debt and transfers to capital: These are described in greater detail in the Capital Costs 
section. 

 Additional O&M costs: Transfers to the Studies Reserve are expected to increase by $13,000 in 
2014 to ensure that the fund is able to cover the costs of completing WSP updates every 6 years. 

Annual operating costs are funded through ongoing revenues received from user fees and charges. The 
following is a list of the key revenue factors and assumptions. 
 Revenue: The Town has two general revenue sources: revenue from charges for service (rate 

revenue) and miscellaneous (non-rate) revenue. Rate revenue is expected to increase with growth. 
In the event of a forecasted annual shortfall, rates can be increased to meet the annual revenue 
requirement. Non-rate revenues are forecast to increase with inflation or growth, depending on the 
source. 
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 Growth: Although a 1.7 percent growth rate is used for engineering planning purposes to determine 
CIP projects for this WSP, rate revenue was escalated based on a 0.4 percent growth rate estimated 
by the Town. The lower growth rate is based on recent experience in light of the recent economic 
downturn, and will more conservatively project future revenue. 

 General facilities charge (GFC): This represents a one-time charge to new customers connecting to 
the system. The GFC revenue for this plan is based on the Town’s current GFC of $10,124 for 
5/8-inch and 3/4-inch meters, which is inflated annually. New ERUs increase from 11 to 12 per 
year. The fee is anticipated to generate revenue of $115,000 in 2013, increasing to $135,000 in 
2018. GFC revenue will go into the capital projects fund. 

9.5 Capital Costs 
The CIP presented in Section 8 identifies the total anticipated and planned capital obligations of the 
planning period. Once these capital costs are identified, a capital funding plan defines a strategy for 
funding the CIP considering available funding sources such as existing reserves, right-to-connect 
charges, external contributions from grants/developers, and new debt proceeds, as appropriate and 
required. 

The CIP identifies approximately $15.1 million in CIP project costs over a near-term 6-year planning 
horizon. This CIP consists of both replacement and expansion projects. Additional projects are expected 
in the 20-year horizon, but have not yet been identified. Currently the 20-year horizon budgets $200,000 
for comprehensive plans every 6 years as well as two $150,000 projects in 2023 to evaluate 
modifications to increase available annual water supply and treatment capacity, and assess potential 
major maintenance, renewal, and replacement needs at the Town water treatment plant. Costs are 
stated in 2012 dollars and are escalated by construction cost inflation to the year of planned spending 
for financing projections. 

A summary of the 20-year CIP project costs as currently anticipated, identified, and planned is shown in 
Table 9-2, to include other minor additional costs currently budgeted for 2013. As shown, each year has 
varied capital cost obligations depending on construction schedules and infrastructure planning needs. 
Currently 94.4 percent (2012 dollars) of the capital costs are included in the 6-year planning period. The 
Water Supply Pipeline projects account for 68.3 percent of the 6-year CIP. Table 9-3 provides detail for 
the 6-year CIP. 

 
Table 9-2. 6- and 20-Year CIP Cost Estimate Summary 

Year 2012 Inflated, 

2013 $470,500 $485,524 

2014 250,000 267,806 

2015 5,154,000 5,797,549 

2016 5,982,000 6,998,094 

2017 1,847,000 2,247,158 

2018 1,420,000 1,796,753 

6-year total $15,123,500 $17,592,884 

2019 – 2032 $900,000 $1,479,407 

20-year total $16,023,500 $19,072,292 
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Table 9-3. Detailed 6-Year CIP (2012$) Cost Estimates and Scheduling 

Project 2013 2014 2015 2016 2017 2018 

Capital From 2013 Budget       

• Water system improvement advertising $500      

• Media change (repairs ) 1,000      

• Leak detection (repairs )  1,000      

• Complete comprehensive plan 13,000      

Planned Capital Improvement Projects       

• Treatment – 2 75,000      

• Storage – 1     $355,000  

• Water supply pipeline – 1 65,000  $3,611,000 $3,611,000   

• Water supply pipeline – 2 65,000   1,492,000 1,492,000  

• Distribution – 1   731,000    

• Distribution – 2      $1,251,000 

• Distribution – 3      169,000 

• Distribution – 4 160,000 $160,000     

• Distribution – 5 90,000 90,000     

• Distribution – 6   812,000    

• Distribution – 7    879,000   

Total $470,500 $250,000 $5,154,000 $5,982,000 $1,847,000 $1,420,000 

 

9.5.1 Capital Financing Strategy 

An ideal capital funding strategy would include the use of grants and low-cost loans when debt issuance 
is required. However, these funding avenues are currently very limited and competitive in nature and do 
not provide a reliable source of funding for planning purposes. It has been recommended that the Town 
pursue these funding avenues, but assume bond financing to meet any critical needs for which the 
Town’s available cash resources are insufficient. The Town prefers to pursue low-cost loan options for 
funding certain CIP projects, including the proposed Water Supply Pipeline projects. As such, low-cost 
loan financing has been assumed as the debt funding instrument in a primary financial program 
scenario. However, a backup scenario has also been evaluated assuming use of revenue bond financing 
in lieu of low-cost loan options to show how the financial results and impacts might compare. 

The capital financing strategy developed to fund the water utility CIP assumes the following funding 
resources: 
 Accumulated capital cash reserves 

 Annual revenue collections from GFCs 

 Annual cash from rates earmarked for system reinvestment funding 
 Annual transfers of excess cash (over minimum balance targets) from the operating fund, if any 

 Low-cost loan or revenue bond financing (depending on scenario) 

Based on information provided by the Town, the Capital Projects Fund began 2013 with $2.87 million in 
cash reserves (including funds listed under Major Repairs Reserve), the Study Reserve began with 
$37,000, and the Land Acquisition Reserve began with $224,000. Transfers of $20,000 from the Major 
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Repairs Reserve and $13,000 from the Study Reserve are assumed to be made to the Capital Projects 
Fund to help fund upcoming capital needs. 

System reinvestment funding of $500,000 annually is used to help fund capital projects. This amount 
must be supported with the ongoing rates of the system. GFC revenue collections are budgeted at an 
annual amount of $115,000 in 2013 and increasing to $135,000 in 2018, with new connections 
ranging from 11 to 12 per year. 

The capital funding strategy developed for this financial program forecasts the need to issue 
$11.8 million in new debt by 2017 to cover the estimated new water supply pipeline project costs. The 
Town plans to receive half of this in Public Works Trust Fund (PWTF) loans and the other half in Drinking 
Water State Revolving Fund (DWSRF) loans. The annual debt service associated with these loans ranges 
from $139,000 in 2015 to $712,000 in 2018 and must also be supported by the ongoing rates of the 
system. 

The resources described above are forecasted to fund 100 percent of the 20-year CIP. Table 9-4 
presents the corresponding 20-year capital financing strategy. 

 
Table 9-4. 20-Year Capital Financing Strategy 

Year 
Capital expenditures  

2012 
Capital expenditures  

escalated 
Low-cost loan  

financing  
Cash funding 

Total financial  
resources 

2013 

2014 

2015 

2016 

2017 

2018 

$470,500 

250,000 

5,154,000 

5,982,000 

1,847,000 

1,420,000 

$485,524 

267,806 

5,797,549 

6,998,094 

2,247,158 

1,796,753 

- 

- 

$4,062,000 

5,970,000 

1,816,000 

- 

$485,524 

267,806 

1,735,549 

1,028,094 

431,158 

1,796,753 

$485,524 

267,806 

5,797,549 

6,998,094 

2,247,158 

1,796,753 

Subtotal 

2019 - 2032 

$15,123,500 

900,000 

$17,592,884 

1,479,407 

$11,848,000 

- 

$5,744,884 

1,479,407 

$17,592,884 

1,479,407 

Total $16,023,500 $19,072,292 $11,848,000 $7,224,292 $19,072,292 

 

The capital financing strategy is developed separate from the evaluation of ongoing revenue needs of 
the utility. As shown in Table 9-4, the system’s capital needs are inconsistent from year to year. To 
minimize the impact this year-to-year variability will have on cash flow and ultimately on utility rates, the 
capital funding plan assumes that capital is funded from cash available in reserves and from annual rate 
funding. New debt financing is assumed only when other resources are depleted. Treating capital 
funding in this manner minimizes rate impacts from annual capital funding needs. Capital funding 
directly impacts rates only through the level of rate-funded system reinvestment assumed and through 
annual debt service as a result of new debt being issued. 

9.6 Financial Forecast 
The financial program, or revenue requirement analysis, forecasts the amount of operating and capital 
costs to determine the annual revenue required. The objective of the financial forecast is to evaluate the 
sufficiency of the current level of rates in meeting the total revenue requirements anticipated for the 
water utility. In addition to annual operating costs, the revenue of the utility must also meet debt 
covenant requirements and minimum reserve level targets. 

Although the CIP identified minimal projects in the 20-year time horizon of this WSP, the rate strategy 
focuses on the shorter-term planning period of 2013 through 2018. It is imperative that the Town review 
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the proposed rates and rate assumptions annually to ensure that the rate projections developed remain 
adequate. Any significant changes should be incorporated into the financial plan and future rates should 
be adjusted as needed. 

Table 9-5 summarizes the annual revenue requirements for the 6-year planning horizon based on a 
forecast of revenues, expenditures, fund balances, fiscal policies, and capital funding from low-cost 
loans. 

 
Table 9-5. 6-Year Financial Forecast 

Projection 2013 2014 2015 2016 2017 2018 

Revenues       

• Rate revenues under existing rate $1,737,000 $1,743,948 $1,750,924 $1,757,927 $1,764,959 $1,772,019 

• Non-rate revenues 9,020 9,238 9,986  10,781 11,621 11,775 

Total revenues $1,746,020 $1,753,186 $1,760,910 $1,768,709 $1,776,580 $1,783,794 

Expenses       

• Cash operating expenses $1,256,017 $1,284,045 $1,328,614 $1,375,550 $1,425,027 $1,477,234 

• Existing debt service - - - - - - 

• New debt service - - 138,607 449,215  667,219 712,368 

• Rate funded system reinvestment 500,000 500,000 500,000 500,000 500,000 500,000 

Total expenses $1,756,017 $1,784,045 $1,967,221 $2,324,765 $2,592,246 $2,689,603 

Net surplus (deficiency) $(9,997) $(30,859) $(206,311) $(556,056) $(815,665) $(905,809) 

Percent of rate revenue 0.58% 1.77% 11.78% 31.63% 46.21% 51.12% 

Annual rate adjustment 7.00% 9.00% 9.00% 9.00% 9.00% 3.00% 

Cumulative annual rate adjustment 7.00% 16.63% 27.13% 38.57% 51.04% 55.57% 

Rate revenues after rate increase $1,797,795 $2,033,967 $2,225,892 $2,435,927 $2,665,781 $2,756,737 

Additional taxes from rate increase 3,057 14,585 23,886 34,097 45,302 49,521 

Net cash flow after rate increase $47,741 $244,574 $244,771 $87,846 $39,854 $29,388 

Coverage after rate increases 3.37 n/a n/a n/a n/a n/a 

 

The financial forecast indicates the need for a 7.0 percent rate increase in 2013, 9.0 percent annual 
increases in 2014 through 2017, and a 3.0 percent increase in 2018, which would result in a 
cumulative rate increase of 55.6 percent. The rate increases are needed to cover the existing level of 
O&M expenses, cover the debt service payments related to the capital program, and maintain adequate 
ending fund balance targets. Rates are increased more than needed in 2013 and 2014 in order to avoid 
very large rate increases later as new debt service begins to climb in 2015. 

A backup scenario has also been created using revenue bonds to show what the requirements would be 
to implement the full CIP if the low-cost loans are not received. In this scenario the Town would need to 
issue revenue bonds to finance capital project costs in excess of available cash resources, for a total of 
$11.5 million in 2015. This slightly lower loan amount is due to using additional reserves. Revenue 
bonds require higher debt service payments, which would result in higher rate increases. This type of 
financing would indicate the need for a 7.0 percent rate increase in 2013, 25.0 percent increases in 
both 2014 and 2015, and 3.0 percent annual increases in 2016 through 2018, which would result in a 
cumulative rate increase of 82.7 percent. 
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The full rate model for the low-cost loan scenario can be found in the appendices, along with the full rate 
model for the revenue bond scenario. 

9.6.1 Funds and Reserves 

Table 9-6 shows a summary of the projected Operating, Capital, and Reserve Fund ending balances 
through 2018 based on the rate forecasts presented in the previous section and assuming capital 
funding from low-cost loans to cover the full cost of the water supply pipeline projects. As discussed 
earlier, the Operating Fund has a minimum target of 60 days of O&M expenses and the Capital Projects 
Fund target balance is set at 2 percent of fixed assets. All funds remain well above their minimum 
targets through 2018. 

 
Table 9-6. Ending Cash Balance Summary Projection 

Ending balances 2013 2014 2015 2016 2017 2018 

• Operating $206,469 $211,076 $218,402 $226,118 $234,251 $242,833 

• Capital projects 3,061,448 3,679,201 2,841,473 2,560,979 2,837,633 1,745,012 

• Reserve 326,840 360,419 395,478 432,072 470,260 509,954 

Total $3,594,757 $4,250,696 $3,455,353 $3,219,170 $3,542,144 $2,497,798 

Combined minimum target balance 411,313 421,276 544,554 692,231 745,307 789,824 

 

9.7 Water Utility Rates 
Existing and projected future water utility rate requirements based on the CIP and the low-cost loan 
funding strategy for the water supply pipeline project are summarized in the following sections. 

9.7.1 Current Rates 

The Town’s current rate structure is composed of a fixed monthly charge by meter size and a variable 
charge per 1,000 gallons. There are three separate fixed charge structures, described below: 

 Single-Family Residential class starts at $40.00 per 5/8-inch meter and functions on an inverted 
block structure. Four blocks are based on monthly usage: 

 Block 1 is 0–3,500 gallons and is $7.00 per 1,000 gallons. 

 Block 2 is 3,500–7,000 gallons and is $8.75 per 1,000 gallons. 

 Block 3 is 7,000–10,500 gallons and is $11.65 per 1,000 gallons. 

 Block 4 is 10,500 gallons and above and is $14.00 per 1,000 gallons. 

 Multifamily/Commercial/Public Authority starts at $40.50 per 5/8-inch meter and has a seasonal 
structure with different variable rates in winter and summer: 

 The winter rate is $7.00 per 1,000 gallons. 

 The summer rate is $8.80 per 1,000 gallons. 

 Industrial/Light Manufacturing starts at $45.50 per 5/8-inch meter and has a seasonal structure 
with different variable rates in winter and summer: 

 The winter rate is $7.00 per 1,000 gallons. 

 The summer rate is $8.80 per 1,000 gallons. 
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The Town also provides service to “Out of Town” customers. An approximately 50 percent surcharge is 
applied on the fixed charges for these customers based on meter size, while the variable charge remains 
the same as for all other customers. 

The Town also offers a Low Income Senior/Disabled customer rate. This class pays the same volume 
charge as the Town’s Single-Family Residential customers, but receives a discount of 50 percent on its 
fixed monthly charges. Table 9-7 provides a summary of the Town’s current water utility rate structure. 

 
Table 9-7. Current Monthly Water Rates 

Classification In town Out of town 

Residential 

Low income 

5/8" 

1" 

1.5" 

2" 

Block 1 (0 – 3,500 gallons) 

Block 2 (3,500 – 7,000 gallons) 

Block 3 (7,000 – 10,500 gallons) 

Block 4 (10,500+ gallons) 

$20.00 

40.00 

91.00 

175.50 

277.25 

7.00 

8.75 

11.65 

14.00 

$30.13 

60.25 

136.30 

263.50 

415.80 

7.00 

8.75 

11.65 

14.00 

Multi family/commercial/public authority 

5/8" 

1" 

1.5" 

2" 

3" 

4" 

Winter 

Summer 

$40.50 

92.00 

178.00 

281.00 

555.85 

865.00 

7.00 

8.80 

$61.00 

138.00 

267.00 

421.50 

833.75 

1,297.50 

7.00 

8.80 

Industrial/light manufacturing 

5/8" 

1" 

1.5" 

2" 

3" 

4" 

Winter 

Summer 

$45.50 

105.00 

203.50 

322.00 

637.60 

992.80 

7.00 

8.80 

$68.50 

157.35 

305.30 

483.00 

956.50 

1,489.15 

7.00 

8.80 

 

9.7.2 Projected Future Rate Requirements 

The analysis in this financial program indicates a need for a 7.0 percent rate increase in 2013, 9.0 
percent annual increases in 2014 through 2017, and a 3.0 percent increase in 2018 to cover all costs 
and meet targets assuming low-cost loan financing for the proposed water supply pipeline 
improvements. It is assumed that the proposed rate increases would be applied equally to all classes 
and to each rate component (fixed and variable). Table 9-8 shows the projected monthly rates for the 6-
year planning period based on these increase levels. 
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Table 9-8. 6-Year Projected Monthly Rates Requirements 

Classification 2013 2014 2015 2016 2017 2018 

Residential 

5/8" 

1" 

1.5" 

2" 

Block 1 

Block 2 

Block 3 

Block 4 

$42.80 

97.37 

187.79 

296.66 

7.49 

9.36 

12.47 

14.98 

$46.65 

106.13 

204.69 

323.36 

8.16 

10.21 

13.59 

16.33 

$50.85 

115.69 

223.11 

352.46 

8.90 

11.12 

14.81 

17.80 

$55.43 

126.10 

243.19 

384.18 

9.70 

12.12 

16.14 

19.40 

$60.42 

137.45 

265.07 

418.76 

10.57 

13.22 

17.60 

21.15 

$62.23 

141.57 

273.03 

431.32 

10.89 

13.61 

18.12 

21.78 

Multi family/ commercial / public authority 

5/8" 

1" 

1.5" 

2" 

3" 

4" 

Winter 

Summer 

$43.34 

98.44 

190.46 

300.67 

594.76 

925.55 

7.49 

9.42 

$47.24 

107.30 

207.60 

327.73 

648.29 

1,008.85 

8.16 

10.26 

$51.49 

116.96 

226.29 

357.23 

706.63 

1,099.65 

8.90 

11.19 

$56.12 

127.48 

246.65 

389.38 

770.23 

1,198.61 

9.70 

12.19 

$61.17 

138.96 

268.85 

424.42 

839.55 

1,306.49 

10.57 

13.29 

$63.01 

143.12 

276.92 

437.15 

864.74 

1,345.68 

10.89 

13.69 

Industrial/Light manufacturing 

5/8" 

1" 

1.5" 

2" 

3" 

4" 

Winter 

Summer 

$48.69 

112.35 

217.75 

344.54 

682.23 

1,062.30 

7.49 

9.42 

$53.07 

122.46 

237.34 

375.55 

743.63 

1,157.90 

8.16 

10.26 

$57.84 

133.48 

258.70 

409.35 

810.56 

1,262.11 

8.90 

11.19 

$63.05 

145.50 

281.99 

446.19 

883.51 

1,375.70 

9.70 

12.19 

$68.72 

158.59 

307.36 

486.35 

963.03 

1,499.52 

10.57 

13.29 

$70.78 

163.35 

316.59 

500.94 

991.92 

1,544.50 

10.89 

13.69 

Note: Low-income residential customers pay 50 percent of the residential fixed charge; out-of-town customers  
pay a 50 percent surcharge on the fixed charge based on meter size and customer class. 

 

Table 9-9 shows monthly residential bill comparisons for the 6-year planning period with projected 
annual increases. 

 
Table 9-9. 6-Year Monthly Residential Bill Comparisons 

Residential Current 2013 2014 2015 2016 2017 2018 

Monthly bill $69.75 $74.63 $81.35 $88.67 $96.65 $105.35 $108.51 

Difference  $4.88 $6.72 $7.32 $7.98 $8.70 $3.16 

Increase  7.00% 9.00% 9.00% 9.00% 9.00% 3.00% 

Note: Assumes 4,100 gallons monthly usage. 
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9.8 Affordability 
WSDOH and the Public Works Board use an affordability index to prioritize low-cost loan awards 
depending on whether rates exceed 2.0 percent of the median household income for the service area. 
The median household income for the Town of Friday Harbor was $37,645 according to the U.S. Census 
Bureau’s 2007–11 American Community Survey 5-Year Estimates. It is assumed that this median 
household income level has remained relatively constant through 2011 and will then escalate at the 
same assumed rate as general cost inflation, which increases from 2.07 to 3.00 percent, to project 
median household income for future years. Table 9-10 presents the Town’s rates with the projected rate 
increases for the forecast period based on the low-cost loan scenario, tested against the 2.0 percent 
monthly affordability threshold. 

 
Table 9-10. Affordability Test 

Year Inflation Median household income Projected monthly bill Percent of median household income 

2011  $37,645   

2012 2.07% 38,424   

2013 2.07% 39,220 $74.63 2.28% 

2014 2.50% 40,200 81.35 2.43% 

2015 3.00% 41,406 88.67 2.57% 

2016 3.00% 42,648 96.65 2.72% 

2017 3.00% 43,928 105.35 2.88% 

2018 3.00% 45,246 108.51 2.88% 

 

Applying the 2.0 percent test, the Town’s rates are forecasted to exceed the indicated affordability range, 
but will remain under 3.0 percent of the median household income through 2018. 

9.9 Water Utility Resources 
Feasible long-term capital funding strategies must be defined to ensure that adequate resources are 
available to fund needed system CIP projects. In addition to the utility’s resources such as accumulated 
cash reserves, capital revenues, and rate revenues designated for capital purposes, capital needs can 
be met from outside sources such as grants, low-interest loans, and bond financing. The following 
sections present summaries of the Town’s internal water utility resources and outside resources. 

Water utility resources appropriate for funding capital needs include accumulated cash in the capital 
reserve, rate revenues designated for capital spending purposes, and capital-related charges such as 
connection charges and other connection fees. The first two resources have been summarized in 
previous sections. Capital-related charges are discussed below. 

9.9.1 Capital Connection Charges 

A connection charge (CC), as provided for by RCW 35.92.025, refers to a one-time charge imposed on 
new customers as a condition of connecting to the utility system. The purpose of the CC is twofold: to 
promote equity between new and existing customers and to provide a source of revenue to fund capital 
projects. Revenue can be used only to fund utility capital projects or to pay debt service incurred to 
finance those projects. 
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9.9.2 Local Facilities Charges 

While a CC is the manner in which new customers pay their share of general facilities costs, local 
facilities funding is used to pay the costs associated with local facilities that connect each property to the 
system’s infrastructure. Local facilities funding is often overlooked in rate forecasting because it is 
funded up front by either connecting customers or developers, or through an assessment to properties, 
but never from rates. 

A number of mechanisms can be considered toward funding local facilities. One of the following 
scenarios typically occurs: (a) the utility charges a connection fee based on the cost of the local facilities 
(under the same authority as the CC); (b) a developer funds extension of the system to its development 
and turns those facilities over to the utility (contributed capital); or (c) a local assessment is set up called 
a Utility Local Improvement District (ULID/LID), which collects tax revenue from benefited properties. 

A local facilities charge (LFC) is a variation of the CC authorized through RCW 35.92.025. It is a Town-
imposed charge to recover the cost related to service extension to local properties. Often called a front-
footage charge and imposed on the basis of footage of the main “fronting” a particular property, it is 
usually implemented as a reimbursement mechanism to a Town for the cost of a local facility that 
directly serves a property. It is a form of CC and thus can accumulate up to 10 years of interest. It 
typically applies in instances when no developer-installed facilities are needed through developer 
extension due to the prior existence of available mains already serving the developing property. 

The developer extension is a requirement that a developer install onsite and sometimes offsite 
improvements as a condition of extending service. These are in addition to the CC required and must be 
built to Town standards. The Town is authorized to enter into developer extension agreements under 
RCW 35.91.020. Part of the agreement between the Town and the developer planning to extend service 
might include a latecomer agreement, resulting in a latecomer charge to new connections to the 
developer extension. 

Latecomer charges are a variation of developer extensions whereby new customers connecting to a 
developer-installed improvement make a payment to the Town based on their share of the developer’s 
cost, as detailed under RCW 35.91.020. The Town passes this charge on to the developer who installed 
the facilities. As part of the developer extension process, this defines the allocation of costs and records 
latecomer obligations on the title of affected properties. No interest is allowed, and the reimbursement 
agreement cannot exceed 20 years in duration. 

LID/ULID is another mechanism for funding infrastructure that assesses benefited properties based on 
the special benefit received by the construction of specific facilities, as detailed under RCW 35.43.042. 
Most often used for local facilities, some ULIDs also recover related general facilities costs. Substantial 
legal and procedural requirements can make this a relatively expensive process, and there are 
mechanisms by which a ULID can be rejected. 

9.10 External Resources 
This section outlines various grant, loan, and bond opportunities available to the Town through federal 
and state agencies to fund the CIP identified in this WSP. 

9.10.1 Grants and Low Cost Loans 

Historically, federal and state grant programs were available to local utilities for capital funding 
assistance. However, these assistance programs have been mostly eliminated, substantially reduced in 
scope and amount, or replaced by loan programs. Remaining miscellaneous grant programs are 
generally lightly funded and heavily subscribed. Nonetheless, even the benefit of low-interest loans 
makes the effort of applying worthwhile. Grants and low-cost loans for Washington State utilities are 
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available from various Washington State departments. There are four grant and loan programs that 
Town water system improvement projects might be eligible for as described in greater detail below. 

Community Development Block Grant (CDBG) General Purpose Grant. These grants are made available 
through a competitive application process to assist small cities, towns, and counties in Washington State 
in carrying out significant community and economic development projects that principally benefit low- 
and moderate-income persons. 

Eligible applicants are Washington State cities and towns with populations of less than 50,000 and 
counties with populations of less than 200,000 that are not participating in a CDBG Entitlement Urban 
County Consortium. 

Eligible projects include public utilities/facilities such as water, wastewater, and streets. Approximately 
$9.5 million is available in 2013 with a maximum single grant amount of $750,000 or $1 million if 
higher funding criteria are met. The 2013 application cycle closed on January 31, 2013. 

Further details are available at http://www.commerce.wa.gov. 

Community Economic Revitalization Board (CERB) Loans and Grants. CERB is a Washington economic 
development resource focused on creating private-sector jobs in partnership with local governments. The 
Board has the authority to finance public infrastructure improvements that encourage new private 
business development and expansion. In addition to funding construction projects, CERB provides 
limited funding for studies that evaluate high-priority economic development projects. The Board 
receives administrative services from the Washington State Department of Commerce. 

The CERB Board oversees three financing programs: Committed Private Partner Program, Prospective 
Development Construction Program, and Planning Projects. In addition to these programs, two temporary 
grant programs were approved when the 2012 state legislature demonstrated its commitment to 
increasing economic activity in Washington by authorizing CERB to award approximately $12 million in 
competitive grant funds for Economic Development and Community Revitalization. 

Eligible applicants include cities, towns, port districts, special purpose districts, federally recognized 
Indian tribes, and municipal corporations. Before submitting a project, prospective applicants should 
contact CERB staff to discuss the project and evaluate their eligibility. A relationship with staff early in 
the project’s development is key to presenting proposed projects in such a way that potential funding 
eligibility can be maximized. 

The Community Revitalization Grant Program is a temporary grant program for cities, towns, counties, 
ports, and innovation partnership zones for public infrastructure, facilities, and related improvements 
that enable and encourage private-sector business creation or expansion and the redevelopment of 
brownfields, and to enhance the vitality and livability of the community. This program was created in the 
2012 Capital Budget. The Community Revitalization maximum award amount is $500,000. 

The Economic Development Grant Program is a temporary grant program for cities, towns, counties, 
ports, and innovation partnership zones for public infrastructure, facilities, and related improvements 
that enable and encourage private-sector business creation or expansion and the redevelopment of 
brownfields, and to enhance the vitality and livability of the community. This program was created in the 
2012 Capital Budget. The Economic Development Grant maximum award amount is $1 million. 

Eligible applicants may submit one application per grant program. The 2012 Capital Budget contains a 
$12 million appropriation for the creation of a competitive grant programs for CERB. Community 
Revitalization grants require a 5 percent local match for grant requests of $100,000 or more. Economic 
Development grants require a 10 percent local match for grant requests of $250,000 or more. Phase I 
applications were due August 16, 2012, and Phase II applications were due October 24, 2012. 

Further detail is available at http://www.commerce.wa.gov. 
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Public Works Trust Fund (PWTF) Construction Loans. Cities, towns, counties, and special-purpose 
districts are eligible to receive loans from the PWTF for water, sewer, stormwater, roads, bridges, and 
solid waste/recycling construction projects to address critical needs. Due to current funding restrictions 
and funding allocations, the Public Works Board has suspended the non-construction programs. As the 
economy builds, the Board will attempt to re-institute these programs. Currently, construction loans are 
available only for drinking water, sanitary sewer, stormwater, and solid waste/recycling projects. 

PWTF construction loans are available at interest rates ranging from 0.50 to 2.00 percent depending on 
the repayment term. The standard loan offer is 1.00 percent interest repaid over a 20-year term. Loan 
recipients with a higher affordability index rating qualify to “buy down” the set interest rates. All loan 
terms are subject to negotiation and Board approval. Due to changes in 2012, a local match is no longer 
required. The new loan limit is $5 million per jurisdiction. 

The 2014 Construction Loan application cycle closed in May 2012. The 2015 application cycle will open 
March 1, 2013. The deadline has not yet been set for the next cycle and will depend on the amount 
available for loans when the application becomes available. 

Further detail is available at http://www.pwb.wa.gov. 

Drinking Water State Revolving Fund (DWSRF) Loan Program. Funding under this program historically 
targets protection of public health, compliance with drinking water regulations, and assistance for small 
and disadvantaged communities. Low interest rates provided are 1.0 to 1.5 percent and no local match 
is required. The Town’s water system currently has an affordability index between 2.01 and 3.5 percent 
and would be eligible for 30 percent principal loan forgiveness. 

A 2012 Washington State law requires all public water systems that receive loans or grants for 
infrastructure to complete an Investment Grade Efficiency Audit (IGEA). This is an effort to apply energy 
efficiency to water systems, similar to WSDOH’s Green Projects that was started in 2009, and may be 
financed as part of the DWSRF loan. 

In 2012 there were 105 applicants requesting over $218 million. After the scoring and ranking process 
that addressed the most serious risks to public health, 54 applicants were approved for $130 million, 
including 13 approved to receive principal forgiveness. The 2013 DWSRF Loan application period is 
January 1 through March 1, 2013. The WSDOH will review, score, and rank applications prior to 
publishing a draft funding list in summer 2013. The Public Works Board will approve the final funding list 
in fall 2013. 

Further detail is available at http://www.pwb.wa.gov and http://www.doh.wa.gov. 

9.10.2 Bond Financing 

Water utility project bond financing options that may be applicable to planned Town water system 
improvements are summarized below. 

General Obligation (GO) Bonds. GO bonds are secured by the full faith and credit of the issuing agency, 
committing all available tax and revenue resources to debt repayment. With this high level of 
commitment, GO bonds have relatively low interest rates and few financial restrictions. However, the 
authority to issue GO bonds is restricted in terms of the amount and use of the funds, as defined by 
Washington constitution and statute. Specifically, the amount of debt that can be issued is linked to 
assessed valuation. 
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RCW 39.36.020 states: 

(ii) Counties, cities, and towns are limited to an indebtedness amount not exceeding one 
and one-half percent of the value of the taxable property in such counties, cities, or 
towns without the assent of three-fifths of the voters therein voting at an election held for 
that purpose. 

(b) In cases requiring such assent counties, cities, towns, and public hospital districts are 
limited to a total indebtedness of two and one-half percent of the value of the taxable 
property therein. 

While bonding capacity can limit availability of GO bonds for utility purposes, these can sometimes play a 
valuable role in project financing. A rate savings may be realized through two avenues: the lower interest 
rate and related bond costs, and the extension of repayment obligation to all tax-paying properties (not 
just developed properties) through the authorization of an ad valorem property tax levy. 

Revenue Bonds. Revenue bonds are commonly used to fund utility capital improvements. The debt is 
secured by the revenues of the issuing utility and the debt obligation does not extend to the Town’s other 
revenue sources. With this limited commitment, revenue bonds typically bear higher interest rates than 
GO bonds and also require security conditions related to the maintenance of dedicated reserves (a bond 
reserve) and financial performance (added bond debt service coverage). The Town agrees to satisfy 
these requirements by ordinance as a condition of bond sale. 

Revenue bonds can be issued in Washington without a public vote. There is no bonding limit, except 
perhaps the practical limit of the utility’s ability to generate sufficient revenue to repay the debt and 
provide coverage. In some cases, poor credit might make issuing bonds problematic. 

9.11 Financial Program Summary 
The results of the financial program analyses indicate that rate increases are necessary to fund ongoing 
operating needs and future debt requirements to fund the planned water utility CIP. Implementation of 
the proposed rate increases should provide for continued financial viability. 

It is recommended that the Town regularly review and update the key underlying assumptions that 
compose the multi-year financial plan to ensure that adequate revenues are collected to meet the total 
water utility financial obligations. 
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Section 10 

Limitations 
This document was prepared solely for the Town of Friday Harbor in accordance with professional 
standards at the time the services were performed and in accordance with the associated contract 
between the Town of Friday Harbor and Brown and Caldwell. This document is governed by the specific 
scope of work authorized by the Town of Friday Harbor; it is not intended to be relied upon by any other 
party except for regulatory authorities contemplated by the scope of work. We have relied on information 
or instructions provided by the Town of Friday Harbor and other parties and, unless otherwise expressly 
indicated, have made no independent investigation as to the validity, completeness, or accuracy of such 
information. 
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Appendix A: Water Facility Inventory (WFI) Form 
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Appendix B: Friday Harbor Municipal Code 
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Appendix C: Water Rights 
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Executive Summary

Background
In 1912, Town officials believed that economic development and growth would outpace
available water supplies and declared “the future of Friday Harbor depends on good
water and sewage systems.”  This quote is as true today as it was then, yet during
portions of the year, we have a limited supply of this precious resource due to two
seasonal influences.

San Juan Island is situated in the rain shadow of the Olympics.  Because it is an island,
there are no rivers bringing in water from melting snow packs and other upstream
sources.  Therefore, Trout Lake Reservoir depends solely upon precipitation for
recharge.

Because the island lies in a rain shadow, precipitation is historically limited during the
dry season, which varies in length, and can occur anywhere from April through October.
This corresponds to the period that Augmentation 1 and 2 watersheds cannot be tapped
due to restrictions on water rights.  An analysis of precipitation and reservoir level data
illustrates that rain falling during April through October does not increase the reservoir
level.  Increased human consumption, evaporation, and watershed absorption
effectively offset rainfall during this period.

A second seasonal factor is the economically important visitor population bulge that
dramatically impacts the Town’s infrastructure and nearly doubles daily consumption of
water.   This seasonal population increase occurs during the same months that San
Juan Island historically experiences little rainfall.

Thus, periods of high demand correspond to periods of low water supply.

! Water conservation methods outlined in this plan will effectively target this period of
low supply and peak demand.

In calendar year 2000, the Town used 67.2% of its capacity to provide water.  When
85% is reached, the Town’s 1999 Comprehensive Plan, Capitol Facilities Element CFE-
50 recommends decreasing demand and/or increasing supply.  A dam raising the level
of Trout Lake Reservoir has been considered, however the cost of this project was
estimated at over 3 million dollars.  (KCM, 1997.)

! Focused water conservation programs outlined in this plan will achieve a 10-20%
savings in water use which translate into a significant deferral of capital investments,
allowing more time to effectively plan and save for needed infrastructure
improvements.

The 2000 population of the Town of Friday Harbor was estimated at 1,989 as per WA
State’s Office of Financial Management .  These individuals, plus out of Town
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customers, must bear the burden of rate increases to cover the rising costs of system
operation, maintenance and improvements.  By capitalizing on water in effect
‘purchased’ by water conservation programs, ratepayers may be protected from
immediate, extreme rate increases otherwise needed to fund infrastructure
improvements.
Legally, the Town of Friday Harbor must plan for and provide adequate water to supply
basic customer and fire suppression needs during periods of peak use.  Therefore,
enough water must be available to supply all hookups and to prevent potential fires
during the busiest and driest season, regardless of how much water is running over the
spillway during the wettest of winters.

According to RCW 35.92.010 “Municipal Utilities-Authority to Acquire and Operate
Waterworks,” the Town is obligated to provide a safe and reliable supply of water as
efficiently as possible.  These responsibilities extend to current customers, as well as to
undeveloped lots within Town boundaries.

! Effective water conservation programs outlined in this plan help keep rates
affordable, while saving water for future development within the Town limits.

Part 1 of this Plan provides further background detail, including a description of the
Town’s water sources and system, the hydrological and demographic factors influencing
the water supply, and pertinent legislation and planning guidelines.

Summary of Recommended Water Conservation
Plan

Part 2 of this plan outlines specific water conservation and demand management
programs and measures. <Funding Potential> indicates the possibility of obtaining
funding through grant applications.

! Recommended Programs or Measures have been prioritized as important.

! Potential Programs or Measures provide ideas for future implementation.

! Current Programs or Measures are presently being implemented.

! Information Required identifies weak links in the necessary data chain.

! Recommended Town Council Action refers to upcoming State legislation.

This plan takes a long-term approach to water conservation and targets all classes of
water users.  Industry cost-benefit analyses of commonly used water conservation
programs, combined with local data, will be used to prioritize each year’s expenditures.
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A minimum of five years of data is necessary to analyze the actual effectiveness of
programs.  The Town will be able to begin this type of analysis after 2001 (refer to Chapter

11, Data Collection and Demand Management).  Meanwhile, an industry rule of thumb is:

•  Up to 10% conservation is achieved by voluntary methods.

•  Up to 20% conservation is achieved by regulatory or mandatory methods.
Examples – Plumbing and Building Code Amendments

Landscaping Ordinance

•  Up to 30% conservation is achieved by severe mandatory restrictions.
Example - Instituting the Town’s current Water Shortage Response Plan

Certain programs, such as fixture replacement, when combined with Plumbing and
Building Codes requiring the installation of low flow fixtures for all remodels and new
construction, can reasonably be phased out as the majority of older toilets, for example,
are replaced with ultra low flush models.

Other programs, such as leak detection, weather forecasting, and assessing
improvements in water conservation technologies, can reasonably be seen as ongoing,
with funds allocated per year as for weather forecasting and technology assessment,
and averaging every three years, as for leak detection.

Shaping attitudes toward water and the use of this resource has proven to be one of the
most effective methods of conservation.  Target audiences, such as local 5th grade
classes, high school biology classes, new homeowners, and seasonal ‘visitors’ are
constantly changing.  Therefore, education programs, including audits, can also be
thought of as ongoing.

This plan follows the Conservation Planning Requirements published by WA State
Department of Health (DOH).  The following criteria from the Environmental Protection
Agency’s Water Conservation Guidelines were also used in the development of this
plan:

In 1999, DOH approved the Town’s Comprehensive Water System Plan Update with
the condition that current levels of water conservation programming continue or expand.
The next scheduled update of the water system plan is due October 2001, and must
contain a Water Conservation Plan, that must then be implemented.  This document will
be revised and updated as necessary to satisfy this requirement.

In summary, water conservation is a viable method of purchasing additional water, a
finite resource that is in seasonal short supply.  The Town’s investment in effective
water conservation programming will pay off because the cost is magnitudes less than
the $3,000,000 plus needed for a dam improvement project.

However, a future balloon payment for infrastructure improvements is likely inevitable,
especially if the Town is to continue to expand its ratepayer base and its visitor shoulder
seasons.  Typically, the cost of construction increases at a rate similar to inflation, thus
no true savings are incurred by building sooner rather than later.

•  Legal issues or constraints

•  Regulatory approvals

•  Public acceptance

•  Staff resources and capability

•  Environmental impacts

•  Cost effectiveness

•  Program costs

•  Ease of implementation

•  Consistency with other programs

•  Rate payer impacts
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Implementation of water conservation programs and resource demand management will
delay costly capital improvement projects, allowing more time for funding sources to be
negotiated, and in return shielding constituents from dramatic and immediate rate
increases.  Funding the programs outlined in this plan will benefit not only the Town of
Friday Harbor, but more importantly, the citizens that the Town serves.
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Introduction

As the Town’s population grows and visitor shoulder seasons expand, our water
resources are going to have to go further in order to meet increasing demands.  The
dollars lost in revenue to the Town due to conservation are but drops in the bucket
when compared to the cost of raising the dam.  Conservation represents the least costly
source of water for current and future needs.

According to Maddaus, 1987, there is no universally accepted definition of water
conservation.  The US Water Resources Council defines water conservation as
“activities designed to:
1) reduce the demand for water,
2) improve efficiency in use and reduce losses and waste of water,
3) and improve land management practices to conserve water.”

The importance of water conservation and demand management have long been
acknowledged by Town of Friday Harbor elected officials and the citizens they serve, as
well as by Washington State legislators and state agencies.  Water conservation has
become an increasingly important part of overall Town planning, and dovetails with
many County and State level efforts.  Refer to Appendix A for a description of these
relationships.

This plan is divided into three parts:

Part 1 gives pertinent background information by briefly describing the Town of Friday
Harbor’s water system, listing the hydrological and demographic factors that
influence the Town’s water supply, and summarizing state legislation requiring
and/or supporting water conservation.

Part 2 describes ongoing and proposed water conservation and demand management
programs and measures.

Part 3 provides a list of acronyms and definitions, a list of references, a bibliography,
and appendices.

The following goals, policies and objectives are taken from Town of Friday Harbor
planning documents and provide a basis for Part 2 of this plan, Water Conservation
Programs and Measures.

Goals
The following goals and policies relating to water conservation are taken from pages 6-
70, 71 and 73 of the Town’s 1999 Comprehensive Plan, Capitol Facilities Element.
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CFE-34 To develop and maintain a safe, efficient, and cost-effective water supply
treatment and distribution for Friday Harbor.

CFE-35 To promote water conservation as a means to ensure protection and
availability of Friday Harbor’s water supply.

CFE-37 To encourage the research and use of water conservation technology.

CFE-38 To exhaust potential cost effective conservation measures before seeking new
resources.

Policies

CFE-39 Friday Harbor should establish water conservation measures that apply to both water
supply development and water use.

CFE-40 Friday Harbor should consider and support the best available options for water sources
and supply to ensure that its citizens have adequate and reliable supplies of drinking water.

CFE-42 Friday Harbor should review and implement all viable methods of
conservation, including but not limited to –

•  water efficient devices.

CFE-43 Friday Harbor should establish a Conservation Program Manager to –

•  collect, maintain and distribute conservation information;

•  educate the public on new conservation technology;

•  evaluate conservation systems;

•  encourage the public to adopt conservation measures.

CFE-44 Friday Harbor should explore utility rate structures that encourage
conservation.

CFE-45 Friday Harbor should encourage the voluntary adoption of conservation
measures and purchase of conservation devices through education and
incentive programs.

CFE-47 Friday Harbor should revise its land use, development and building regulations to
encourage water conservation.  Measures should include, but not be limited to –

•  point-of-use demand management and water meters,

•  water-efficient landscaping.

CFE-52 Friday Harbor should favor conservation measures over the acquisition of
new resources.
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Water Conservation Program Objectives

The objectives listed below and following quotes are taken from the Town of Friday
Harbor’s current Comprehensive Water System Plan Update.  The objectives appear as
amended by the Planning Commission during the 1999 Water Demand Management
Work Session.

! Attain maximum efficient utilization of current water supplies resulting in financial
savings achieved through the deferral of capital investments.

! Develop a program to inform all water customers, including visitors, how to use
water efficiently.

! Reduce peak monthly and total annual consumption.

! Establish a means of incentive to conserve water.

! Promote long term efficiency with accelerated conservation on a short term basis.

“The Town of Friday Harbor is committed to implementing stringent conservation
measures over the next 20 years to minimize costs associated with developing
additional sources of water supply and treatment capacity.”

“In the immediate future it is unlikely that additional sources of supply will be
incorporated into the water system to meet anticipated increased demand.  Friday
Harbor must therefore rely on existing sources.”

“Expansion of the source capacity can be delayed if conservation measures show a
long-term reduction in water use or if the Town can accept more frequent periods when
water conservation measures must be enforced.”

“The Town’s conservation efforts will also focus on limiting peak-day demands.  The
Town’s goals are to reduce peak flows by 10 percent over the 20 year planning period.”

In conclusion, past elected officials and appointed members of the Town’s Planning
Commission have long considered water conservation to be imperative, thus the maxim:

 “Water is a precious Islands’ resource, please use it wisely.”
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Chapter 1   Town of Friday Harbor’s Water
System

1.1 Description of Sources

Surface water is the sole source for the water supply accessed by the Town of Friday
Harbor.  Trout Lake Reservoir, the initial and primary source, is about five miles west of
Friday Harbor in an isolated, undeveloped pocket fed by a steep drainage basin.  The
Town owns 600 acres of the surrounding watershed that totals approximately 860
acres.

In 1979, Augmentation (AUG) 1 was constructed to supplement the reservoir with
additional surface water runoff.  A dam was built near the southeast end of Lake 310 to
collect water from a 190-acre watershed.  Water captured is then pumped over a hill
and into Trout Lake Creek, which drains into the northwest end of Trout Lake.  The
Town does not own the watershed, but has primary water rights for a 440-gpm
instantaneous withdrawal and an annual withdrawal of 78 MG (with certain limitations)
from October 1 to April 15.

Augmentation (AUG) 2 was built in 1988 and consists of a stream diversion, pumping
station and force main.  Water from a 3,850-acre watershed is funneled through a weir
and pumped to the reservoir just above the dam.  The Town owns secondary water
rights and may withdraw 1,350 gpm instantaneously from November 1 to April 15 for a
total annual withdrawal of 240 MG (with certain limitations).

Refer to Figure 1.1, a map of Trout Lake, AUG 1 and AUG 2 watersheds, and to
Appendix B for a more detailed history of the Town’s water system.

1.2 Capacity of Trout Lake Reservoir

Four studies have been done over a nineteen-year period determining the capacity of
Trout Lake Reservoir.  The results are summarized in Table 1.1 below.

Table 1.1  Capacity Studies of Trout Lake Reservoir

Date Organization Total Volume Usable Volume
1975 Ecology 469 MG Not computed

1979 Island Surveying Not computed 318 MG

1983 KCM 520 MG 385 MG

1994 KCM 468 MG 370 MG

The most recent study, the Town of Friday Harbor Trout Lake Capacity Analysis, done
in 1994 by KCM, determines the total volume of the reservoir to be 468 MG based on
bathometric studies.  The usable volume is less because the outlet pipe elevation is
288.2 inches below the spillway.  The volume below the pipe is termed ‘dead storage’
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because it is not readily available, and is estimated to be 98 MG, leaving a usable
volume of 370 MG.

During 1995, the year following a severe winter-long drought, the “dead storage” volume
was accessed by a siphoning system that remains in place. The high sediment and
organic content of this water puts a strain on the water treatment facility’s filters, thereby
limiting its use.  The amount reasonably accessible by siphoning that will not put too
great a strain on the treatment plant filters is estimated at 30 MG.

Usable volume of 379 MG + 30 MG siphoning = 400 MG total capacity of Trout Lake Reservoir.

However, the elements listed below that contribute to sustainable yield must be factored
into the equation, as the total capacity is a very simplistic and unrealistic representation
of the amount of water actually available for use.

1.3 Sustainable Yield of Combined Water Sources

Sustainable yield is calculated using recharge projections and average annual
conditions including fire suppression needs, historical consumption, precipitation,
drought occurrences, reservoir levels, and watershed characteristics.  The figures in
Table 1.2 determine the amount of water that the reservoir and augmentation
watersheds can safely and sustainably yield during a one-year period.

Table 1.2  Sustainable Yields of Water Sources Available to the Town
Calculated by KCM in the 1994 Trout Lake Capacity Analysis

Source Sustainable Yield
(MG, million gallons)

Trout Lake Reservoir 106 MG

Trout Lake + AUG 1 146 MG

Trout Lake + AUG 1 + AUG 2 168 MG

Trout Lake + AUG 1 + AUG 2 + Dead Storage 193 MG

Use of dead storage would only be condoned during drought conditions, therefore the
effective total sustainable yield amount of 168 MG is the basis for the Town’s monthly
Water and Sewer Utilities Summary Reports.

1.4 Capacity of Treatment, Distribution and Storage Systems

The Town’s Comprehensive Water System Plan Update provides an in depth
description of the following elements which are briefly summarized below.

a. Treatment
Three gravity filters are located at the Town’s Water Treatment Facility, two of which
can be operated simultaneously, leaving one as a backup in case of failure.  Usually
operated at a conservative 4 gpm/sf, the filters have been pilot tested at higher rates
within the hydraulic capacity of the systems pumps and piping. At a surface loading rate
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of 5 gpm/sf, each of the three filters would have a capacity of 845 gpm.  During peak
season, two filters operating jointly increase potential production to 1,690 gpm.

b. Distribution System
Consisting of both transmission lines and pumps, the distribution system has the
hydraulic capacity to operate at the above 1,690 gpm rates, but is not designed to carry
a greater volume.  During peak season and depending upon fire suppression needs,
daily consumption may exceed this amount, in which case the 1.5 million-gallon storage
capacity summarized below is critical.

c. Storage
Water is held in the Town’s two tanks for three reasons – standby, equalization and fire
storage.  The standpipe, or storage tank, by the Town shop holds .5 MG, and the tank
up on hill at the intersection of Harborview and Salmonberry holds 1 MG. Additional
components of the transmission system store smaller amounts of water.

During peak season, the storage tanks are replenished during evenings and nights,
corresponding to periods of lower demand.

1.5 Cost Comparison of Increased Capacity

The cost of acquiring ‘new water’ has increased by a factor of 10, from hundreds of
thousands to millions of dollars. Refer to the Table 1.3 below.

Table 1.3  Cost Comparison of Additions to Town’s Water System
KCM, Comprehensive Water System Plan Update, February 1997

KCM, Town of Friday Harbor Trout Lake Dam Improvement Feasibility Study, October 1997

Date
Description Yield in MG

Total Cost Cost per MG

1914 Addition to natural dam ? $600 ?

1914 Construction of wooden pipeline NA $7,251 NA

1979 AUG 1 system 78 MG   $256,000    $3,282

1988 AUG 2 system 240 MG   $556,000    $2,316

2000 New Dam raising total reservoir
storage level by 7 feet

100 MG
MG=million gallons $3,000,000 $30,000

“The days of cheap water are over” is a quote heard at local, state and federal levels.
Unfortunately, it is the Town’s ratepayers that must bear this burden.  According to WA
State legislation RCW 35.92, it is the responsibility of Town elected officials and staff to
minimize the financial impact to their customers, while continuing to provide a safe and
reliable supply of potable water.

Chapter 2       Hydrological Factors Influencing the Water
Supply
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Rainfall patterns, drought occurrences, water supply recharge rates, and watershed
health all influence the amount of water available in Trout Lake, AUG 1 and AUG 2
watersheds.  Each of these elements is part of the larger ‘hydrological cycle’ and all are
interdependent.

Factors determining the amount of water available to the Town of Friday Harbor fall into
two general categories, hydrological and demographic.  Hydrological factors, such as
rainfall, often influence demographic factors, such as consumption rates.  To a certain
extent, we can control the human factors, but we must adapt to and plan for the effects
of the natural factors.

All of these factors must be taken into account during local planning efforts and when
tailoring water conservation programs to meet local needs.

2.1  Rainfall Patterns

The Olympic Mountain massif partially shields the San Juan Islands from moisture
laden clouds blowing in from the Pacific.  This is termed a rain shadow effect, whereby
less precipitation falls here than in mainland Puget Sound. San Juan Island and Lopez
are closest to the Olympics and are more strongly influenced by the rain shadow effect
than Shaw, Orcas and the more northerly islands of the San Juan Archipelago.

Precipitation is the sole source of recharge to the watersheds comprising the San Juan
Islands.  There are no rivers bringing in snowmelt or accessing other stored water
sources upstream.  As well, the bedrock geology is too convoluted to provide pathways
of groundwater movement from the mainland.  (Brandon, 1988.)  Therefore, both surface
and groundwater systems are resupplied or recharged by precipitation.

The Town of Friday Harbor has kept rainfall data since the early 1900s at the Trout
Lake station.  This data is accessible in digital form for the years since 1979, and when
mined, produces information that can be used both in planning and in tailoring water
conservation programs.

The average yearly rainfall for the Trout Lake station was 27.64 for 1980-1999 and
29.18 for 1990-1999.  Refer to Figure 2.1, Rainfall – Trout Lake Water Treatment Facility.

According to the US Geological Survey (USGS), precipitation in the Pacific Northwest
has decreased since 1977.  “The water supply, though under greater demand, is not
being renewed as fast as it was two to four decades ago because of the Pacific
Northwest’s currently drier and warmer climate.  In the long term, managing the region’s
water resources will require better understanding of the role of climate.”  (USGS, 1999.)

Figure 2.2, 100 Year Rainfall Averaged by Decade, illustrates that this general trend is
also present at Trout Lake.

2.2 Drought Occurrences
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Due to conditions summarized above, the Town’s water supply is particularly vulnerable
to cyclical droughts.  During the last 20 years, the Town of Friday Harbor experienced
three 50-year droughts.  A 50- year drought is expected by the USGS to occur only
once every 50 years.  Local droughts of this magnitude occurred in 1979, 1988 and
1993/94 the last of which was declared a State level emergency.

As stated on page 3-8 of the Town’s Comprehensive Water System Plan Update:
“On May 1, 1993, the water level [of Trout Lake Reservoir] was 89 inches
below the spillway, triggering a moderate emergency.  On May 1, 1994,
the water level was 141 inches below the spillway, triggering a severe
drought emergency.”

The Town of Friday was required to develop a Water Shortage Response Plan, which
defines levels of emergencies and measures to be taken.  To implement this plan, the
Town passed Ordinance 1083, Emergency Water Restrictions, revised in 1998, and
codified in Chapter 13.16 FHMC.

2.3 Water Supply Recharge Rates

The type of bedrock underlying a reservoir influences its hydrologic connection to the
surrounding watershed.  Trout Lake Reservoir is located in the Constitution Formation,
“a clastic sequence containing massive volcaniclastic sandstone, with interbedded
mudstone, ribbon chert, pillow lava, and green tuff.” (Brandon, 1988.)  The reservoir also
lies along a fault valley.  Both of these factors indicate that there is a degree of
connectivity between the reservoir and the surrounding groundwater system.  Further
research is needed to determine the specifics of this connection.

The influence of rainfall on reservoir levels is shown in Figure 2.3, Rainfall and Max/Min
Trout Lake Reservoir Levels.  Note that a three-year, 20-inch decline in rainfall
produces a sharp 195-inch decrease in reservoir level during the fourth year.  At the
beginning of a drought, surrounding groundwater is still adding to the reservoir level.
Thus the reservoir level does not drop as quickly as one might think when precipitation
is less than normal.

Depending on the duration and severity of the drought, the reservoir may actually loose
water to the connected groundwater system through faults in the bedrock. And, as
rainfall begins to increase following the drought, the surrounding watershed’s hydrologic
system is still recharging, and there is less flow into the reservoir itself, causing a
“delayed recharge effect.”

According to KCM’s Town of Friday Harbor Trout Lake Capacity Analysis, there is no
effective recharge from runoff to the reservoir until 18.5 inches of rain have fallen for
any given year.  For each inch of rain over 18.5 annual inches, there is a net recharge
of approximately 35 million gallons to the reservoir.  Refer to Appendix C, Trout Lake Reservoir

Level, for data covering 1993 to 2000.
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The same analysis determined that no water is available from AUG 1 until 17.5 inches
of rainfall occurs in the watershed.  Once this threshold is reached, each additional inch
yields 42.4 million gallons.

For the purpose of the Trout Lake Capacity Analysis, KCM engineers estimated that
AUG 2 requires 18 inches of rainfall to recharge the watershed, and that after this
amount of rain has fallen, each additional inch yields 30 million gallons.

A comparison of rainfall data with reservoir levels shows that precipitation occurring
after April does not increase the level of Trout Lake Reservoir.  Not until October or later
does the reservoir level begin increasing, no matter how much rain falls in May, June or
September.  In effect, consumption, evaporation, and watershed absorption negates
rainfall during this period.  Refer to Figure 2.4, Rainfall and Trout Lake Reservoir Levels.

For this reason, a customized local weather forecasting program would be extremely
useful in determining the levels of demand management needed to ensure adequate
water supply through dryer periods.  Accurate weather forecasting would also determine
the potential for precipitation and thus recharge during the coming winter months.  If this
potential were predicted to be low, increased levels of water conservation methods
would be justifiable even after the end of the usual dry season.

2.4 Watershed Health

Though all vegetation uses a certain percentage of water during transpiration, most
species of plants and trees trap precipitation and gradually release far more than they
use into the watershed.  Vegetation coverage also insures that the ground temperature
is cooler than incoming precipitation.  Rainwater can only infiltrate under this “positive
temperature gradient,” or when it is warmer than the surface it falls upon.

Therefore, the amount of healthy vegetative surface area in a watershed is directly
proportional to the amount of precipitation that is trapped and slowed for infiltration into
that water system.  In a healthy forested area, “the retention of runoff is in the order of
85%, about 15% being absorbed by the vegetation and humus and about 70% going
towards groundwater recharge.” (Coats, 1998.)

A healthy watershed also prevents erosion and filters out many of the contaminants
found in today’s precipitation.  Sediments from erosion put an increased burden on the
water treatment facility’s filters.  Those that settle out in the reservoir bottom decrease
the overall holding capacity of the reservoir, reducing the volume of water held for use.

In the long run, healthy watersheds provide a cleaner more abundant supply of
relatively pristine water to the community of Friday Harbor.

Chapter 3         Demographic Factors Influencing the Water
Supply
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Actual population, estimates of population increases (both resident and seasonal),
consumption, peak use, projected demand, and regulatory requirements are
demographic or human factors that influence the Town’s water supply.

3.1 Actual Population

According to the State Office of Financial Management (OFM) data, the population of
the Town of Friday Harbor’s incorporated area (inside town limits), was 1,957 as of April
1st 2000.  Refer to Appendix D, Town Population Estimate Worksheet for April 1, 2000.

The total residential population (not including business or industrial accounts) of the
area obtaining water from the Town system (both in-town and out-of-town connections)
during 2000 can be estimated using OFM factors and Town water account data as
follows:

472 SFR units (InTown accounts) x .9270 (OFM occupancy rate) x 2.3236 (OFM persons/unit) = 1,017
             342 SFR units (OutofTown accts) x .6245 (OFM occupancy rate) x 2.2181 (OFM persons/unit) =    474
  485 MFR units (InTown accounts) x .8194 (OFM occupancy rate) x 1.6984 (OFM persons/unit) =   675
Number of MFR InTown units obtained from Town CCR distribution list for 2000

            57 MFR units (OutofTown accts) x .6245 (OFM occupancy rate) x 2.2181 (OFM persons/unit) =     79
                 Total number of residential individuals provided Town water in 2000 =  2,245

Figure 3.1, April 1 Population per OFM, tracks population for both Friday Harbor and
unincorporated San Juan Island.  The degree to which non-rate-paying individuals use
“Town” water is difficult to determine, as is accurately tracking the total number of
people who depend upon the Town’s water system.

The above paragraphs illustrate that this most basic of factors, population, is difficult to
pin down.  Yet it plays an integral role in determining all of the following factors.  The
value of accurate population data cannot be overstated.

3.2 Population Growth

Increases in the population supplied by the Town of Friday Harbor fall into two
categories – resident and seasonal. More accurate data is available on the resident
population of both in-town and out-of-town water accounts, yet even this data is an
estimate.  Seasonal population increases are estimated by cobbling together data from
a range of sources.  As with baseline population, this is an area that warrants further
refining. Refer to Appendix E, Estimated and Projected Water Area Served Population, for estimates up

to the year 2015.

a.  Increases in Resident Population
The projected growth rate for the Town of Friday Harbor was estimated to be 2.78% in
1995 by KCM in the Town’s Comprehensive Water System Update. The growth rate for
1991 – 1994 shows an average 4.66% increase (refer to Figure 3.1, April 1 Population per

OFM), yet in actuality, the growth rate for 1995 – 2000 shows an average 1.78%
increase. During the Town of Friday Harbor’s Comprehensive Plan update for 2001, an
analysis was done that lead to a recommendation of a new growth rate of 1.4%.  The
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document’s projections are based on this new number of 1.4%, pending final approval
later this year.

Projected growth rates are invariably difficult to estimate as they are affected by
unpredictable economic and geopolitical factors.

b.  Seasonal Population Increases
People visit San Juan Island for a variety of reasons.  Some come here only once,
some come to visit family or friends, some stay part of the year in summer homes, and
some come again and again because they enjoy it here.   Most of these people access
San Juan Island through Friday Harbor, using the municipality’s infrastructure, and
impacting the Town’s water supply.  The livelihood of many Friday Harbor businesses,
and indeed Islanders in general, depends to an extent upon this seasonal population
bulge.

Following are statistics drawn from various sources that illustrate dramatic seasonal
increases in population:

•  58% increase in the day population of San Juan Island from April to September
1995, Town of Friday Harbor Comprehensive Water System Plan Update

•  87% increase in day population of San Juan Island during the peak month of August
1995, Town of Friday Harbor Comprehensive Water System Plan Update

•  450% increase in ferry traffic, both vehicular and walk-on, between January and August
WA State Ferry data, TFH Capitol Facilities Concurrency, Planning Commission Report, 4-22-1999

•  5,274% increase from January to August in boat nights/month, two person occupancy
Port of Friday Harbor data, TFH Capitol Facilities Concurrency, Planning Commission Report, 4-22-

1999

This seasonal population bulge must be taken into account when estimating water use
per capita, planning for future water supply, and tailoring effective water conservation
programs.  However, there is no one source of accurate data.

! Information Required – Establish a shared reporting framework including the Port of
Friday Harbor, WA State Ferries, the lodging industry, and the San Juan Island
Chamber of Commerce that will provide more accurate seasonal population
information.

3.3 Town Water Accounts
The Town of Friday Harbor divides water customers into the following general classes.
Further subdivision, for instance into type of commercial use, is complicated by many
instances of communal metering.

a.  Classes
SFR = Single Family Residential, also includes

SFR-RUR = low income elderly/disabled (must qualify through TFH)

MFR = Multi Family Residential
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COM = Commercial
IND = Industrial For a list of Industrial, PA and Special accounts,

PA = Public Authority refer to Appendix F

Special (refer to Appendix F)

b. Total Connections
As of December 2000, the Town of Friday Harbor water system has a total of 1201
connections, up from 992 accounts in 1990. The average rate of increase has been
21.5 per year since 1990.  WA State DOH is requiring that connections be translated to
equivalent residential units (ERUs), a unit of measure that is specific to the water
system, and that reflects the amount of capacity needed to serve a typical full time
single family residence.

3.4 Yearly Consumption of Water Resources

The Town of Friday Harbor meters customer service connections to measure water
consumption.  The Town’s Water Department also meters the flow of water produced by
the Water Treatment Facility. The difference between production and consumption
equals unaccounted water, which must also be factored into yearly use figures and is
present to some degree in all water systems.  Refer to Chapter 5, System Measures

Implementing Water Efficiency, Section 5.3 for a complete discussion of unaccounted water.

A Draft Water Conservation Analysis, modeled after Tacoma Public Utilities Water
Consumption Analysis, was performed by the Town’s System Administration
Department and Water Conservation Program Coordinator in 1998, parts of which were
used as baseline data for sections 3.4 to 3.6 of this chapter.

The Town’s System Administrator receives data from the Water Department, performs
analyses and produces monthly Utilities Summary Reports, as required by WA State
DOH. This data can be framed in various helpful formats, some of which are listed
below.

a. Average Annual Overall Consumption
Annual use of water has risen more slowly than anticipated during the six years since
the last drought, reaching 112.8 MG in 2000. Refer to Figure 3.2, Water Consumption and

Production.  This is mainly due to the following reasons:

1) Following the drought of 1994, residents continued with many water conservation
methods implemented by the Town’s Water Shortage Response Plan.  In addition,
the Town’s water conservation program was established in 1996, and has been
operating since, reinforcing the importance of water conservation.

2) Some water customers have drilled wells for outdoor use.

3) Population growth has been less than expected, as discussed in Section 2.6a
above.
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4) The gravel pit, an industrial account that was the largest annual consumer of Town
water significantly reduced consumption during the mid 90’s and ceased operations
shortly thereafter.

Refer to Appendix G, Water Consumption and Production, for more detailed information
for the years 1994 to 2000.

b. Percentage of Total Water Use by Class
Table 3.1 below shows percentage by class of total annual water use for 2000.  This
comparison is instructive to a point.  At first glance, the SFR class presents the greatest
potential for water conservation savings.  However, if most residents of the Town have
already embraced the “water is a precious resource, please use it wisely” ethic, then
there may be less potential for savings in this class than initially apparent.

Table 3.1  Percentage of Total Water Use of Class for 2000
Town of Friday Harbor Monthly Utilities Report, December 2000

Customer Class % of Total Annual
Water Use, 2000

SFR Single Family Residential
             Includes SFR-RUR 37.7

COM Commercial 25.7

MFR Multifamily Residential 18.8

PA Public Authority 14.4

IND Industrial 1.5

The Town’s System Administration Department has been tracking consumption by
customer class since 1991.  Refer to Appendix H, Water Consumption by Customer Class, for more

detailed information for the years 1996 to 2000.  A wealth of information is contained within this
data. Refer to the figures below during the following sections on residential, commercial,
public authority, and industrial annual use:

Figure 3.3, Water Connections by Customer Class, 1990 & 2000
Figure 3.4, Annual Water Use by Customer  Class, 1990 & 2000
Figure 3.5, Separate graphs for COM, MFR, SFR, PA & IND Annual Water Consumption 1990-
2000
Figure 3.6, Comparison by Customer Class, 1990 – 2000

c.  Residential Annual Use
The number of Single Family Residential accounts has gone from 728 in 1990 to 806 in
December of 2000, increasing by 10%.  However, SFR annual usage in 2000 was 39.2
MG, actually below the maximum annual use of 46.5 MG that occurred in 1992.
Multi-Family Residential (MFR) comparisons are problematic because a single account
may represent a few to many living units. In 1990 there were 438 Multi-Family
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Residential units (not accounts) and in 1997 there were 666, an increase of 34% over
seven years.  Annual MFR consumption was 15.6 MG in 1990 and 19.6 MG in 2000.

d.  Average Daily Use per Residential Occupant
This calculation is problematic due to the difficulty in obtaining accurate occupancy
rates, both number of people per household and fulltime versus seasonal occupancy.
OFM occupancy rates were used for both In Town and Out of Town accounts.    Refer to

Appendix I, 2000 Average Daily Water Use per Occupant – In and Out of Town, and Appendix J,
Estimated Average Daily Use per Occupant for SFR MFR Accounts - 2000, for complete information used
in this calculation.

Table 3.2  Average Daily Use in 2000 Per Occupant for SFR and MFR

Customer Class Location Average Daily Use
Per Occupant

Single Family In Town 55.8 gallons

Residential (SFR) Out of Town 99.9 gallons

Multifamily In Town 63.6 gallons

Residential (MFR) Out of Town 97.9 gallons
Note: MFR Out of Town includes 44 single family units on Friday Island, 39 of which are occupied seasonally.
An attempt was made to adjust for this by using a four month occupancy for 39 units, and fulltime for 5 units.

In town water use by both single and multi family homes is below national averages,
figured at 72.6 gcd (gallons per capita per day).  Refer to Chapter 7, Figure 7.1, Typical Single

Family Home Water Use Without Conservation.

e.  Commercial Annual Use
The total number of commercial accounts has steadily increased from 146 in 1990 to
188 in 2000. Much of the downtown core has multiple uses on one meter, making it
difficult to calculate consumption by business type.

f. Industrial and Public Authority Annual Use
Industrial accounts stabilized in 1992 at 15, remaining so through 1999, and increased
to 18 as of end 2000.  Primarily due to the closure of the gravel pit, industrial annual use
has declined from a peak of 34.5 MG in 1993 to 1.7 MG in 2000.

Public Authority accounts increased from 38 in 1995 to 53 as of end 2000, while use
increased from 10.8 to 15 MG.

3.5 High End Water Users

Certain factors make this comparison difficult.  The UW Labs, for instance, has an entire
complex on one meter, while the County, Town, school district, and some businesses
and apartment complexes each have multiple meters.  Most newer buildings are
individually metered, whereas the downtown core has many instances of communal
buildings where multiple businesses plus an occasional residential unit share a single
meter.
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Therefore a simple arrangement by individual account is often misleading.  Appendix K,
1999 Top 40 Annual and Peak Month Water Users, was therefore compiled by
combining multiple accounts into classes of users.

The Town was singled out because it is currently the top single annual water user on
the system primarily due to the amount of water used by the Wastewater Treatment
Facility. Refer to Chapter 5, System Measures Implementing Water Efficiency, for ways in which the

Town could reduce use.

3.6 Peak Use

The Town must provide water supply (including fire suppression needs) and
infrastructure capacity for periods of peak use.  Monthly peak use historically falls in
August and occasionally in July, and as of 2000 was 14,000,000 gallons per month, 3
MG below the highest pre-drought level of 17,026,910.  Refer to Appendix L, Water

Consumption – Peak Month.  This decrease is due to a combination of leveling of population
growth, added groundwater usage, and increased implementation of water conservation
methods by Town customers.  Refer to Figure 3.7, Water Consumption - February and August

2000, for a breakdown of peak monthly use by class.

The Town’s peak use periods are historically synonymous with seasonal population
increases and with decreased rainfall, necessitating irrigation.  Therefore, peak use can
be divided into two main categories, outdoor irrigation and visitor services.

a. Outdoor Irrigation
Most of this type of peak seasonal use occurs in areas outside the Town limits.  As
outdoor use is rarely separately metered, it is difficult to quantify.  Chapter 8, Outdoor
Water Conservation Methods, targets this type of peak use.

b. Visitor Services
Most of this type of peak seasonal use occurs within the Town limits, although ‘visitors’
more appropriately refers not only to tourists, but also to friends and families of
residents, as well as to individuals living in the county who come to town.  Because of
their relatively large impact on water use, the visitor population can in essence be
considered another class of resource user, and is targeted as such in Part 2 of this plan.

No method is currently in place to quantify the specific effects of this added class of
user.

3.7     Projected Demand for Water Resources

Projected demand for water resources is based on population rates, historical per
connection water production, and estimated per capita reductions due to conservation.

According to the Town’s Comprehensive Water System Plan Update, the projected
water use of those supplied by the Town‘s system was to exceed existing sources’
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sustainable yield in the year 2000 with no water conservation, and in the year 2001 with
10% water conservation.  Refer to Figure 3.8, Projected Source Requirements, (KCM, 1995).

In actuality, water use has leveled off.  Population has not grown as rapidly as projected
in 1995, thus the revision of the growth rate mentioned above. Conservation measures
have taken effect, groundwater use has increased, and industrial use decreased, all of
which have reduced the per capita use of water.

Based on current data, projected water source requirements were recalculated by the
Town’s System Administrator (refer to Appendix M, Projected Water Source Requirements, for the

actual calculations and data used in Figure 3.9).  Refer to Figure 3.9, Projected Source
Requirements, Revised, and note that the maximization of the Town’s water supply has
shifted to:

•  2046 for sustainable yield, based on consumption, without tapping into dead
storage (volume below outlet pipe), with ongoing water conservation.  85% of
sustainable yield will be reached in 2030.

•  2038 for sustainable yield, based on production.  85% of sustainable yield will be
reached in 2022.

! Information Required – Include projected land use designations and related
densities, as well as refined projections of commercial, industrial and public authority
annual and peak uses to determine projected water demand for inclusion in the
Town’s next Comprehensive Water System Plan Update.

3.8 Regulatory Requirements

The Town of Friday Harbor is classified as a medium system by WA State Department
of Health (DOH), and is required to have an approved Water Conservation Plan meeting
the specifications for systems with 1,000 to 10,000 hookups.

In order to remain in compliance, DOH requires the Town to maintain infrastructure for
periods of peak use and to maintain an adequate water supply for fire suppression and
potential periods of drought.

Therefore, one cannot realistically divide the total capacity by yearly consumption
averages to obtain the total available water.  Periods of peak use, which historically
correspond to lower reservoir levels, and the amount of water needed for fire protection
during typically dry months, must be factored in.

Chapter 4      State Legislation and Planning
Guidelines

4.1 State Legislation Requiring and/or Supporting Water Conservation
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A growing recognition that water conservation and demand management are important
resource management tools has spurred Washington State legislators to pass statutes
directing the State Departments of Ecology and Health to encourage and in some cases
require water use efficiency.  Refer to Appendix N, WA State Legislative Actions and Statutes, for a

detailed list of legislation.  Five are particularly worth mentioning in the body of this plan.

♦  Note that RCW 90.14.130 - 180 concerning water rights is currently being
reevaluated with the intention of eliminating or reducing the “use it or lose it”
disincentive to conservation and providing certainty relating to inchoate water rights,
e.g. that portion of water right certificates not yet put to an end use.  (WA State DOH,

1998.)  Specifically, “there is a concern among some systems that if they use less
water, water rights may be reduced by a similar volume.  In practice, this is not
Ecology’s approach.”  (WA State DOH, June 2000.)

♦  Note that the Town Attorney interprets the RCWs relevant to the Town of Friday
Harbor’s powers and duties as indicating that the Town has the responsibility to
provide water to both developed and undeveloped lots within the Town limits.

a.  RCW 90.03.400 (Water Rights)
“Crimes against water code – Unauthorized use of water.  The unauthorized use of
water to which another person is entitled or the willful or negligent waste of water to the
detriment of another, shall be a misdemeanor.”

b.  RCW 35.92.017 (Cities and Towns)
“Intent – Water Conservation encouraged – 1989 c 421: The conservation and
efficient use of water is found and declared to be a public purpose of highest priority.
The legislature further finds and declares that all municipal corporations, public utility
districts, water districts, and other political subdivisions of the state that are engaged in
the sale or distribution of water should be granted the authority to develop and carry out
programs that will conserve resources, reduce waste, and encourage more efficient use
of water by consumers.”

c. RCW 90.54.180 (Water Use Efficiency and Conservation Programs and
Practices)

“In determining cost-effectiveness of alternative water sources, consideration should be
given to the benefits of conservation and wastewater recycling.”  “Entities receiving
state financial assistance for construction of water source expansion or acquisition of
new sources shall develop and implement a water use efficiency and conservation
element of a water system plan.”

d.  RCW 43.20.230 (Water Resource Planning) and subsequent
 WAC 246-290-100 Water System Plans

WA State Department of Health (DOH) requires systems with over 1,000 service
connections to submit a Comprehensive Water System Plan update every six years.  In
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order to be approved, these plans must contain a Water Conservation Plan in
compliance with the department’s Conservation Planning Requirements.  Specifically
stated,

•  WAC 246-290-100(4) -  “In order to demonstrate system capacity, the water system plan shall
address the following elements, as a minimum, for a period of at least twenty years into the future:

•  (4)(i) “Development and implementation of a cost-effective conservation program,
which includes evaluation of conservation-oriented water rate structures.

WAC 246-290-480 states “For systems with 1000 or more service connections, water
use data will be collected and submitted for each individual customer class.”

e. State Salmon Recovery Strategy
DOH has recently been mandated by the state legislature to lead progressive efforts to
promote water conservation.  “Specifically, the Legislature has appropriated special
funding for the Department to help water systems develop water conservation programs
that will maintain or reduce the impact of human development on water tables and
stream levels.”  (WA State DOH, June 2000.)

In 1999, DOH’s Division of Drinking Water created three water conservation specialist
positions to provide technical and other assistance to water systems through the
Division’s regional offices.  An interim Water Conservation Program is being developed
based on budget proviso language per the WA State Legislature, the State Salmon
Recovery Strategy, the Joint Natural Resources Cabinet and the Governor’s Office.  (WA

State DOH, June 15, 2000.)  The following documents have recently been made available:

•  Water Conservation: survey of small and medium water systems
•  Water Conservation Communications Plan

4.2 Planning Guidelines

Water conservation and demand management programs have been in place for well
over a decade in many parts of the nation, and longer in areas that have historical water
deficits.  Water conservation is increasingly acknowledged as a relatively inexpensive
source of water compared to construction projects.  In turn, dramatic rate increases can
be prevented, benefiting the customers that municipalities are in the business to serve.

The following organizations, both private and governmental, have distilled years worth
of experience in the area of water conservation/demand management and have
published guidelines that are helpful in tailoring programs that fit local needs.  These
guidelines were used in the design of this plan.

a.  American Water Works Association (AWWA)
Providing peer education, research and support since 1881, AWWA is a professional
organization which has an active water conservation/demand management branch that
has published a helpful Water Conservation Plan Outline.
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The Water Conservation Guidebook for Small and Medium Sized Utilities, published by
AWWA’s Pacific Northwest Section Water Conservation Committee and revised in 1999
is also considered a leading reference.

b.  WA State Departments of Health (DOH) and Ecology
As stated above in section 4.1d, WA State DOH requires the inclusion of a Water
Conservation Plan in a municipality’s Comprehensive Water System Plan.  A seven
page checklist provided by the department, Conservation Planning Requirements for
Public Water Systems with 1,000 – 10,000 Service Connections acts as the regulatory
guideline.

In 1994, WA State DOH also published Conservation Planning Requirements:
guidelines and requirements for public water systems regarding water use reporting,
demand forecasting methodology, and conservation programs.  These guidelines
emphasize flexibility and recognize regional differences in water supply and demand
conditions.  Municipalities are encouraged to tailor programs to fit local needs.

More stringent conservation measures than those defined herein may be required by
DOH

1) where regional water resource plans, pursuant to RCW 90.54.045 have been,
or are being developed and include more rigorous conservation standards;

2) for areas designated as critical water resource situations, pursuant to WAC
173-500-080 (Critical Water Resource Situation Response Process);

  3)   if legislation is passed mandating additional conservation efforts.

c.  US Environmental Protection Agency (EPA)
In 1998, the US Environmental Protection Agency published Water Conservation Plan
Guidelines.   A helpful summary appears in the Winter 1998 Special Water
Conservation Issue of “On Tap,” a quarterly publication of the National Drinking Water
Clearinghouse, sponsored by the Rural Utilities Service.

Chapter 5    System Measures Implementing Water
Efficiency

This chapter lists water conservation measures that a utility undertakes and that target
the water system itself.  All numbered subheadings below are required by WA State
DOH.

5.1 Approve a Water Conservation Plan and Fund its Implementation

The Town’s water system currently has 1,201 connections.  WA State DOH requires
public water systems with 1,000 or more hookups to have an approved Water
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Conservation Plan as part of their Comprehensive Water System Plan Update, and to
fund its implementation. The Town’s next update is due October 2001.

According to DOH, water conservation plans must contain the following three elements,
listed with reference chapter numbers from this plan:

•  Data collection and reporting – Chapter 11

•  Demand forecasting for future water needs – Chapter 11

•  Conservation program development and implementation – Chapters 5 to 10

This Water Conservation Plan is designed to meet as many criteria as possible, and will
be updated and revised as needed.

The Town has funded a Water Conservation Program and part time Program
Coordinator since 1996.  Refer to Appendix N, History of Town Water Conservation Programs, for

details.

5.2 Metering

a. Source
Town Water Department staff take daily manual readings of reservoir levels.  The
amount of water entering the water treatment facility from Trout Lake is automatically
metered.
The US Geological Survey (USGS) has installed a data station that includes flow
monitoring where the creek enters the reservoir at the northern end of Trout Lake.

! Information Required – Any data relating to the capacity of Trout Lake Reservoir,
and AUG 1 and AUG 2 watersheds will assist the Town in determining source
availability.

! Potential Measure - Install an automatic reservoir level monitoring system at the
spillway using telephone telemetry connecting to the Water Treatment Facility.

<Funding Potential>

b. Production
In order to calculate consumption and forecast demand, the amount of water entering
the distribution system must be known.  In 1955, the Town installed meters monitoring
the amount of water the Water Treatment Facility produces.

c. Service Meters and Sub-metering
Friday Harbor Municipal Code (FHMC) Title 13, Water Line Specifications, currently
requires the water service meter to be installed at the edge of the public right-of-way,
and a shut-off valve for each building on the parcel.   Requirement of a separate meter
for each building was considered, however the following concerns were raised:

•  Cost of connection charges doubling or tripling depending upon the number of
planned buildings per parcel.
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•  Who is responsible for reading the meters?  Invasion of privacy issues may be
raised if Town meter readers proceed beyond the public right-of-way in order to read
sub-meters.

•  Who is responsible for repair and maintenance of transmission lines running from
the public right-of-way to the dwelling?

Many ‘communal’ buildings in the older downtown core contain multiple uses.  To retrofit
with sub-meters for each use would be a complicated process, raising all of the above
mentioned concerns.  To date, the Town has elected not to require sub-metering for
either separate uses or structures, but has instead left that option open to individual
property owners.

Outdoor use can also be sub-metered.  To date, the Town has left this option up to the
customer as well.

5.3 Unaccounted Water/Leak Detection

The Town tracks the amount of water produced by the Water Treatment Facility and the
amount of water used by all metered water accounts.

Production – Consumption = Unaccounted for Water
The following are the three main categories of unaccounted for water.

a.  Flushing of Transmission Lines
In order to clean out accumulated sediment and organic buildup, the Town Water
Department must regularly flush the transmission mains.

! Recommended Measure – Flush mains on a regular basis but not during periods of
high demand.

b.  Fire Suppression and Training
When a Town water system fire hydrant is tapped to either put out a fire or for training
exercises, the amount of water used is not recorded accurately.

! Potential Measure – Require all Fire Departments to accurately estimate and report
water usage.

c. Leaks in Transmission Lines
Leaks are particularly wasteful as the lost water is not benefiting anyone, is depleting
the water supply, costs money to produce, and is not bringing in revenue.  The Town of
Friday Harbor has taken proactive steps to detect and fix leaks. Town Water
Department staff has been trained to spot evidence of leaks and is on 24-hour call to
respond to leak reports, especially during dryer months.

Water System Utility Reports produced monthly by the Town’s System Administration
Department list the amount of unaccounted water.  10 to 15% of total production is
acceptable by State standards.  Since 1994, the Town’s policy has been to contract a
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leak detection firm to test the main distribution lines when unaccounted water exceeds
10%. Refer to Figure 5.1, Unaccounted for Water as Percent of Water Produced.

! Current Program – Continue monitoring the percentage of unaccounted water and
contract a leak detection firm as necessary. <Funding Potential>

! Recommended Program – Include major subsidiary lines in leak detection
schedules.

Occasionally leaks occur during phases of construction.  The Town does not currently
charge the individual or company responsible for the costs of lost water or repairs.

! Potential Program – Institute a miscellaneous billing process to charge the cost of
lost water and a repair assessment to the individual or company responsible for line
breaks.

d.  Customer Leaks
During the course of recording monthly use, Town meter readers have been trained to
assess individual meters for evidence of leaks that are the customer’s responsibility.
Customers are contacted immediately when their meter indicates such a leak.

! Potential Program – Newer meter models have a built in leak detection arrow and
are much easier to read than older meters.  Develop a program partnering with
customers to replace older meters.  This program will peak and then be phased out.
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5.4 Pressure Reduction

When water pressure in transmission lines is too high, above 40 psi, water waste can
occur.  During the 1970s, the Town installed flow reducers in low lying areas of high
pressure, primarily the Port of Friday Harbor and the waterfront area.

5.5 Analysis of Improved Technologies

As the cost of water continues to rise, utilities are searching for ways to increase
efficiency, and technological advances continue to bring what were once cost prohibitive
measures into the range of consideration.

For instance, former U.S. Senator Paul Simon, author of Tapped Out: the coming world
crisis in water and what we can do about it,  suggests channeling funding and research
into desalination.

! Recommended Program – Monitor improvements in water conservation technology.
When warranted, conduct specific cost benefit analyses for:

a. Desalination Plant to provide water for the Town’s Wastewater Treatment
Facility.  This facility is currently the largest annual consumer of Town water.
Excess water could be used to irrigate the high school ball field, as this would
require installation of a relatively short transmission line. <Funding Potential,
especially as a ‘pilot’ project>

b. Water Reuse Methods to be incorporated into the Wastewater Treatment
Facility.  WA State DOH’s standards for water reuse are currently so stringent
that reuse is cost prohibitive.  (WA State DOH, 1993.) However, the department has
been directed to reexamine these standards, potentially opening this avenue as a
cost-effective option.  <Funding Potential>

Chapter 6     Rate Structure Encouraging Water
Conservation

6.1 Existing Town Rate Structure

Across the nation, water rates are increasing as municipalities attempt to replace aging
infrastructure and comply with increasing regulatory demands.  In an effort to cope with
rising production, maintenance and infrastructure costs, the Town of Friday Harbor
continues to adjust its water rates.  The average annual increase in water rates in
Washington has been 5.6%.  (Association of Washington Cities, 1999.)

In 1993, the Town contracted Financial Consulting Solutions Group, Inc. to complete the
Town of Friday Harbor Utility Rate Study Final Report.  This report, finalized in 1996,
recommended a 34.5% increase for water rates and a 16.9% increase for sewer rates.



See C:\Program Files\Adobe\Acrobat 4.0\Acrobat\plug_ins\OpenAll\Transform\temp\AllWaterConPlan01.doc

Table 6.1 below compares monthly water rates per 1,000 cubic feet of water.

Table 6.1  Comparison of Monthly Water Rates in Washington State
Annual AWC Tax and User Fee Surveys, Part IV, published by the Association of Washington Cities

Rates are based on the use of 1,000 cf (cubic feet) of water.

Year
Number of
Reporting

Municipalities

Rank
 In

WA State

Inside TFH
Single Family

Water Rate

Average Inside
Single Family

Water Rate

Highest Inside
Single Family

Water Rate
1996 306 3 $39.64 $18.38 $54.52

1997 255 1 $48.50 $19.17 $48.50

1998 149 68 $22.30 $19.74 $25.03

1999 265 95 $20.24 $20.29 $26.80

2000 260 2 $50.17 $22.17 $54.92

Refer to Appendix P, Monthly Utility Rates, for the 2000 rate schedule.

Increasing the amount customers pay for water is arguably the most effective water
demand management tool.  However, in this context, it is only fair to reward low end
consumers, while encouraging high-end water users to conserve.  The Town has
implemented the following two rate structure changes.

a.  Fourth Tier Added to Single Family Residential
In 1997, the Town shifted from a flat rate to a block rate structure for the Single Family
Residential (SFR) class.  Each block, or tier, charges a certain amount up to a
designated number of thousands of gallons used.  For example, SFR customers can
use up to 3,500 gallons a month, or 117 gallons a day to qualify for the basic first tier
rate of $3.80 per 1000 gallons.

The Town Council added a fourth tier to SFR water rates effective January 1999.  As of
2000, any SFR account using 10,500 or more gallons a month, or an average of 350
gallons a day, falls into Block 4 and is charged $7.58 per 1,000 gallons.  The revenues
from this tier help fund the Town’s water conservation program.

b.  Seasonal Increase for All Other Classes
All other classes are subject to rate increases during ‘summer,’ defined as June through
September.  Recall that this period typically corresponds to lower reservoir levels,
seasonal population increases, and proportionally higher use.  This type of rate
structure was instituted in 1996.  In 2000, the cost per 1,000 gallons increases from
$3.80 for October through May, to $4.75 for June through September.

6.2 Incentive Program

There are several examples of incentives offered by municipalities that reward
customers for participating in water conservation programs. Many of these programs
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can be accessed through AWWA’s website, which links to member utility and
municipality websites.

The Town’s Water Conservation Office records the names and account numbers of
customers that have, for example, acquired water saving devices, including ultra low
flush toilets, efficient clothes washing machines, or rainbarrels.

! Recommended Program – Develop an ongoing system to reward those customers,
of all classes, that participate in water efficiency programs offered by the Town
Water Conservation Office.  Consider establishing a Conservation Class for each
type of water account, with membership determined by a predetermined reduction in
use.

6.3 Drought Conservation Surcharge

Several municipalities institute increased charges for water during periods of official
drought.  The Town’s Water Shortage Response Plan outlines the definitions of various
drought stages, limitations on water use, and the steps the Town must take to notify the
public.  Currently, no additional rate increases go into effect during drought conditions.

! Potential Measure – Reexamine the official levels of drought defined in the Water
Shortage Response Plan and attach a drought conservation surcharge to the
highest two tiers of residential accounts, to increase as the official drought level
increases.  For all other classes, institute a surcharge if a specific percentage
decrease in use, tied to the level of drought, is not achieved.

Chapter 7     Indoor Water Conservation
Measures

It is estimated that residential indoor use of water exceeds outdoor use in most cases.
Unless both uses are metered, however, an accurate accounting will not be achieved.
Table 7.1 compares typical indoor and outdoor uses for both single and multi-family
units in a southern California water district.

Table 7.1  Residential Indoor Versus Outdoor Use
WA State DOH, Municipal Water Conservation Analysis and Recommendations, December 1998

*Water use figures are based upon the average annual use for Metropolitan Water
District, S. California.

Water Use*
(gallons per capita per day)Type of Water Use

Indoor

Single Family Multi-Family

Toilet Flushing 30 30

Showers and Baths 27 25

Clothes Washing 21 17
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Cooking and Cleaning 13 13

Dishwashing   6   4

SUBTOTAL 97 89

Outdoor
Landscape Irrigation and Gardening 46 18

Car Washing and Miscellaneous   7   3

SUBTOTAL 53 21
TOTAL                150               110

Refer to Figure 7.1, Typical Single Family Water Use, for an industry estimate of the same.  Tables of
this sort differ depending upon the year that is represented.  Note that with the trend of
increasing water conservation and the installation of improved efficiency fixtures, overall
indoor use has been decreasing.  Thus, more recent data shows lower use rates.
Consumption rates also differ by region, with areas that have focused on the need for
conservation showing lower use rates as well.

Estimates of residential indoor and outdoor end uses can be calculated using the
average range of values found in Appendix Q, Benchmarks for Estimating Residential
End Uses of Water, adapted from Water Conservation Plan Guidelines, US EPA,
August 1998.

7.1 Plumbing Codes – WA State Water Use Standards

The Town of Friday Harbor follows the Washington State Uniform Plumbing Code,
section 402 of that code deals with water conserving fixtures and fittings.  Its purpose is
“to implement water conservation performance standards in accordance with Chapter
19.27.170 RCW.”

Beginning in July of 1993, upgraded water use efficiency standards, as illustrated in
Table 7.2, went into effect in Washington.  It is now prohibited to sell, distribute, import
or install fixtures that do not meet the standards listed below.  These standards apply to
both new construction and remodeled buildings.

Table 7.2  Washington State Water Efficiency Standards
WA State DOH, Municipal Water Conservation Analysis and Recommendations, December 1998

Plumbing
Fixture

Upgraded
Standard

Pre-1993
Standard

Showerheads 2.5 gpm 3-8 gpm

Faucets 2.5 gpm 3-5 gpm

Toilets 1.6 gallons per flush 3.5, 5-7 gallons per flush

7.2 Fixture Replacement Programs
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Replacing older models with more efficient fixtures gives proven investment returns and
results in significant water use reduction.  Due to the adoption of the above standards,
the following fixture replacement programs would target only pre-July of 1993 homes.

! Information Required – Data is needed on the number of homes that still have pre-
1993 standard fixtures to provide a realistic estimate of the cost of the following
retrofit programs.  Integration of the Town’s building permit database with utility
accounts would provide more information than is currently available.

After considering types of fixture replacement programs, the Town has chosen rebate
programs to be the least expensive and time consuming for both the customer and
Town staff.  Offering a combined and ongoing rebate program will save money in
printing and mailing costs, as well as in staff time.

! Recommended Program – Establish an ongoing Fixture Replacement Fund that
would cover all rebate programs.  This combined program will peak and then be
phased out as most inefficient fixtures are replaced.

a.  Toilet Rebates
In 2000 the Town initiated a Toilet Rebate Program offering $75 per toilet to water
customers of all classes that replace their existing toilet/s with 1.6 gallon ultra low flush
models.  As suggested above, this program could be combined with clothes washers
and other fixtures in a general fixture replacement fund.  This rebate is currently
ongoing, will peak, and then be phased out.

b.  Clothes Washing Machine Rebates
$50 rebates were offered to customers upgrading to low flow models in 1998 and the
program has not been funded since.  Clothes washing machines typically rank second
in indoor water use, falling after toilets and before showers.  Were this rebate to be
reinitiated as part of the Fixture Replacement Fund, it too would peak and then be
phased out.

c. Showerhead and Faucet Aerator Retrofits

Showers, faucet use and baths rank in that order of indoor water use.  During 1997 the
Town began a partnership with Orcas Power and Light (OPALCO), the area electrical
utility, to retrofit all multi-family residential (MFR) units with low flow showerheads,
kitchen faucet heads, and other faucet aerators.

The Water Conservation Office has received requests for these devices, and currently
has baskets of free aerators at all customer service desks for Town water accounts.
However the supply is limited as the aerators are a popular item.

! Recommended Program – Reinstate above partnership with OPALCO.
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Chapter 8  Outdoor Water Conservation
Measures

A main factor contributing to increased water use during the low rainfall season is the
need for irrigation.  Gardens and landscaping often represent significant investments in
both time and money that require water to survive through the dry season. There are,
however, techniques that reduce the amount of water necessary without sacrificing
variety, quality and aesthetics.

Additional ways in which water is often used outdoors will be addressed in the following
chapter, Peak Season Programs.

8.1 Partnership with WSU Master Gardeners

Gardening and landscaping are hobbies for many, as well as sources of food and
beauty.  For those who don’t want to do it themselves, landscaping professionals are
available.  There are tricks of the trade including plant selection, soil preparation, type of
irrigation system, and watering schedules that reduce the amount of water needed and
result in healthy, beautiful and productive gardens and landscapes.

Volunteers trained as WSU Master Gardeners are wellsprings of this sort of practical
knowledge.  A condition of receiving the extensive program training is to volunteer a
certain number of community service hours.  Therefore, an opportunity exists for a
partnership between the Town of Friday Harbor and WSU Extension whereby Master
Gardeners would volunteer to participate in projects as outlined in the subheadings
below.

A valuable body of knowledge specific to local conditions also exists within Island
landscaping and nursery professionals.  Currently, there is no local professional
landscaping organization, however preliminary conversations indicate a willingness to
participate in a conservation partnership.

Many utilities, especially in California, hire and train in-house water conservation
professionals to accomplish the following programs.  The Town has the opportunity to
act as facilitator, matching trained volunteers with its water customers for overall
savings.

a. Landscape and Irrigation Audits
WSU Master Gardener volunteers would be available to assess Town water customers’
gardens and/or landscaping, sharing their recommendations for improving water
efficiency.  Hours devoted to this program satisfy their community service commitments,
as well as benefit participating Town water customers.  The audit format could be that of
a “walking tour,” incorporating several customers at once and held on an annual basis.

b. Award Winning Gardens and Landscapes
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Nominate and award Town water customers of all classes for outstanding examples of
water efficient gardens and landscapes.  Establish a committee consisting of WSU
Master Gardeners and local landscaping professionals who judge entries and select
winners in various categories. Winning gardens and landscapes would have the option
of being open to the public during a tour, similar to the already existing “Garden Tours,”
organized by WSU Extension.

! Recommended Program – Partner with WSU Extension Master Gardeners and local
landscaping professionals to design and implement a Landscape and Irrigation
Audits Program and Award Winning Gardens and Landscapes. Target high end
users and be open to all classes of water accounts that volunteered. Once up and
running, this program would be ongoing as techniques and technologies continually
improve.

<Funding Potential>

8.2 Landscaping Ordinance, Management Policy, and BMPs

Many municipalities have enacted ordinances detailing procedures for landscaping and
irrigation installation and management.  Review of a new development’s Landscaping
Plan becomes part of the permit process.  Fees are charged for professional review of
the plan.

A landscaping ordinance for new or re-development helps to ensure proper soil
preparation, use of water efficient species, efficient irrigation system installation, and
watering schedules.  Were the Town to choose this option, a review of existing
landscaping ordinances and discussions with local professionals would be necessary in
order to tailor an ordinance effective for local conditions.

A less regulatory approach would be to design a set of Landscaping Management
Standards, or best management practices (BMPs) that would then be made available to
those Town water customers who irrigate.  There are examples of BMPs accessible
through other utilities, or via the internet.

! Potential Measure – Tailor a Landscaping Ordinance and/or Management Policy
including BMPs in conjunction with existing landscaping and screening
requirements pursuant to Title 17 FHMC.

Chapter 9 Peak Season
Programs

When monthly water use for December through April is compared to use during the
peak month of August, consumption almost doubles.  As discussed previously, this is
due to two main factors – a seasonal population bulge, and the need for irrigation.  Both
are addressed in the sections below.

9.1 Outdoor Water Use Ordinance
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Several municipalities, including Seattle, Vancouver BC, and Victoria BC, have passed
ordinances that limit or prohibit outdoor water use during the ‘summer’ or peak season.
A review of these ordinances reveals that most measures have already been
incorporated into the Town’s Water Shortage Response Plan.  However, where these
types of ordinances exist, they go into effect at a specific date regardless of supply
levels, usually the first of June extending through the end of August.  This is due to
periods of seasonal low rainfall that particularly impact surface water dependent
municipalities.  These municipalities are simply not willing to take the risk that the much-
needed rains and snows may be late, or may be far less than needed.

Water uses have been prioritized, and those viewed as wasteful are eliminated during
the dry season.  Permits are available for special circumstances.  Uses that are
prohibited and viewed as wasteful are typically:

•  Using water to clean decks, sidewalks, driveways, parking lots, buildings or other
outdoor structures.

•  Vehicle, boat and airplane washing (unless using a recycled/enclosed system).

•  Watering sidewalks or other non-vegetated surfaces.

Irrigation is usually limited to mornings or evenings, which decreases the rate of
evaporation.  When increased levels of conservation are in effect, the schedule may
shift to one day on, one day off, and can become even more stringent as the need
arises.

! Potential Measure – Using the Town’s Water Shortage Response Plan and
corresponding Chapter 13.16 FHMC, Emergency Water Restrictions as a basis,
evaluate other such ordinances and design an Outdoor Water Use Ordinance
tailored to fit local conditions.

9.2 Partnership with Chamber of Commerce

Visitor services contribute substantially to peak season water consumption.  However,
as with gardens and landscaping, there are ‘tricks of the trade’ that can be utilized
without compromising customer service.  In fact, incorporating the following two
elements has the potential to actually increase the level of customer service:

•  Combine the simple message “Water is a precious Islands’ resource, please use it
wisely” with a sincere “Welcome to the Islands.”

•  Satisfy natural curiosity by sharing ‘local’ information that the Islands are special,
and have a limited supply of fresh water.

An ideal opportunity exists for the Town to partner with the Chamber of Commerce,
benefiting both visitors and businesses that serve them by implementing the following
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programs.  This would also more evenly distribute the responsibility of conservation
between residents and visitors.

a. Workshops for Businesses
Sharing results from audits conducted on a single business within a category such as
restaurant or lodging among like-type businesses decreases the overall investment in
both time and money.  Managers, supervisors and/or owners trained in a workshop held
in early Spring would then pass on conservation information to incoming seasonal staff.

! Recommended Program – Partner with the Chamber of Commerce to design and
implement a peak season auditing, training and awards program. Include water
efficiency recommendations in a simple handout to be distributed annually.  Give
participants a sticker or certificate denoting membership in the Wise Water Use
Club, to be posted in public view.          <Funding Potential>

b. Visitor Education
Incorporate the simple message “Water is a precious Islands’ resource, please use it
wisely” into all publications targeting visitors.

! Potential Program – Partner with the Port of Friday Harbor to design and distribute at
the Port’s fuel dock and main office a rack card with conservation methods specific
to boaters plus information that the Port deems important. <Funding Potential>

! Potential Program – Partner with the Chamber of Commerce to design and distribute
a rack card welcoming visitors to Friday Harbor, including conservation methods and
information that the Chamber deems important such as the location of public
restroom facilities, parks, and walking paths. <Funding Potential>

c. Speakers Bureau
This element is required by WA State Department of Health.  Fortunately, the San Juan
Stewardship Network has already organized a volunteer Speakers Bureau.  Participants
are trained in various areas of local natural history and must in turn perform community
service.  Volunteers trained in a summary of the Town’s water sources, general Island
hydrology, and water conservation methods would be a relatively inexpensive conduit
for passing information on to visitors.
An ideal setting for this type of education would be aboard the ferries.  The current WA
State Ferries Outreach Coordinator has submitted a funding proposal for on board
education which has not been implemented, however there is potential to revive this
program.

! Recommended Program – Partner with the San Juan Stewardship Network and WA
State Ferries to fund and implement an onboard visitor education program.

<Funding Potential>

9.3 Audits for High End Peak Water Users
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The State of California has directed public utilities to assign water quotas, or allocations,
to individual accounts using a formula based on type of use, past history, amount of
vegetation, numbers in household or business, and other factors.  When an account
uses more than their allotted amount of water, they are penalized and in some cases
offered assistance to bring down consumption.  Washington, and certainly the Town of
Friday Harbor, has not reached this point.  However, as of 1998, water allotments are
being considered at the state level.  (WA State DOH, 1998.)

In lieu of allotments, high-end peak users could be offered audits.  Rarely, if ever, would
a single-family residential account appear on the list of top consumers.  More typically,
one sees Public Authority, Commercial and Industrial accounts topping the list.  Types
of audits vary depending upon account class and whether the use is indoor or outdoor.

! Recommended Program – Prioritize and target high-end peak water users in both
the Landscape and Irrigation Audit Program (Chapter 8.2) and the Indoor Audit
Program (Chapter 10.1). <Funding Potential>

Chapter 10      Information and Education
Programs

Informing customers of recommended water conservation measures, and educating
community members of all ages is an integral part of any water conservation program.
The most effective education programs target specific audiences, as do the programs
listed below.

10.1 Audit Program

Water audits are a method whereby trained individuals identify inefficient water use
practices.  Water use varies between classes, and audits need to be tailored to be as
cost effective as possible.  Training to perform audits can range from simple, for both
single and multi-family accounts, to detailed for commercial accounts, to complex for
some industrial and public authority accounts.

a.  Residential (SFR and MFR accounts)
Develop a training program for youth service groups such as 4-H and Scouts.  Trained
in simple audit procedures, adults or older leaders would in turn train group members.
Participation in this type of program would fulfill their community service requirements.
Youth groups would be responsible for setting up the logistics of auditing certain
neighborhoods, and would use a standard reporting format to convey data to the Town.

b. Commercial (COM accounts)
Develop a program whereby the results of auditing one type of commercial use, a
restaurant for example, could be used to tailor a workshop for like-type business staff.
Include water efficiency recommendations in a simple handout to be distributed
annually.  This program would be most effective in spring, targeting managers and staff
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supervisors who would then train incoming seasonal staff.   Refer to Chapter 9, Peak Season

Programs, Section 2a, Workshops for Businesses.

c. Industrial and Public Authority (IND and PA accounts)
Hiring a professional auditing firm for this type of account is usually most cost effective.
Exploring the potential of partnering with the highest water users to cover the costs is a
possible funding avenue.

! Recommended Program – As the fixture replacement program phases out, build up
an ongoing audit program, portions of which will also peak and then be phased out.
Award participants a “Wise Water Use” sticker or certificate.  Publicize accounts that
demonstrate the greatest reductions as a Water Use Winner 2001.  <Funding
Potential>
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Leak Detection Program

Even low flow fixtures, such as toilets and faucets, may develop leaks after extended
use. Water account customers are also responsible for transmission pipes on their
property.  Leaks can occur anywhere in this system, and typically make up 4-10% of
each account’s yearly water consumption.  The following program would educate
customers of all account classes in simple steps to spot and repair leaks at both home
and work.

! Recommended Program – Designate the second week of May as Seek Out Leaks
Week, which corresponds to National Drinking Water Week.  Advertise in local
papers, describing how to spot leaks, and approach local hardware stores about the
possibility of offering discounts on specific plumbing supplies.  Ongoing program on
an annual basis. <Funding Potential>

10.2 New Accounts

When relocating to Friday Harbor, new home and business owners may not understand
the need to conserve water, nor be familiar with recommended conservation
techniques.  The following two programs target this information gap.

a. Welcome and Information Packet
Most people are willing to conserve once they realize that water is a precious Islands’
resource.  New residents and business owners/operators would most likely appreciate a
‘welcome basket.’  The Chamber of Commerce, Realtor’s Association, civic
organizations and other organizations may have information that would be helpful to
include.

! Recommended Program – Develop a “Welcome to Friday Harbor” packet in
conjunction with the Chamber of Commerce for business accounts and the Realtor’s
Association for residential accounts.  Include water conservation brochures already
available from WA State Departments of Ecology and Health.  If deemed cost-
effective, design a portion of the packet in house that is specific to Friday Harbor.
Ongoing program. <Funding Potential>

b. Change of Ownership Ordinance
Many municipalities require a checklist as part of the change of ownership process
verifying that low flow plumbing fixtures have been installed.

! Potential Measure – Research such ordinances and develop a Change of
Ownership Ordinance targeting all classes that is tailored to the Town of Friday
Harbor.

10.3 School Programs
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Town staff members have conducted Water and Wastewater System Tours for 5th grade
classes each fall since 1989.  Classroom presentations are combined with tours of Trout
Lake Watershed, the Water Treatment Facility, and the Wastewater Treatment Facility.
This has proven to be an extremely popular program and was requested last year by
the high school environmental and biology classes.

! Current Program – Continue scheduling annual Water and Wastewater System
Tours to correspond to Washington Water Weeks, a statewide series of more than
150 water-related education and action activities taking place September 1 –
October 15.        Open these tours to the public, and advertise in local papers.
Ongoing program to be expanded as staff time and funding allows.

! Potential Program – Partner with San Juan Island School District, Spring Street
School, UW Labs, and SJC Conservation District to develop a Mountain to Bay
curriculum focusing on False Bay Watershed (which encompasses Trout Lake
Watershed), including the hydrological cycle, water conservation measures, and the
Town of Friday Harbor’s Water and Wastewater Systems. <Funding
Potential>

The UW Friday Harbor Laboratories recently established an “Outreach Program”
that includes a K-12 component designed to involve school children in programs that
give them the opportunity to partner with scientists in both field and lab research
settings.

The SJC Conservation District recently received Centennial Clean Water Fund grant
monies for a “Watershed Restoration” project targeting four watersheds including
False Bay (contains Trout Lake, AUG 1 and AUG 2 watersheds).

10.4 Community Events

a. Annual Master Gardeners Workshop
A daylong event organized by WSU Master Gardeners and held each spring.  The Town
Water Conservation Office has designed a display and presentation focusing on
gardening and landscaping since 1999. <Funding Potential>

b. San Juan Farmers Market
Held every Saturday from April through October, the Town Water Conservation Office
supplies the Master Gardener’s table with water conservation material pertaining to
gardening, landscaping, and water cachement. <Funding Potential>

c. San Juan County Fair
Attendance has increased to nearly 20,000 in 1999, making this the largest community
based event in San Juan County.  The Town’s Water Conservation Office has
participated in the County Fair in the following two ways:

•  Sharing space with the WSU Master Gardener exhibit at the west entrance to the
main building.  This display focuses on gardening, landscaping and water
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cachement.  Free rain gauges and literature are offered to the public.
<Funding Potential>

•  A booth devoted to water conservation provides a venue for showcasing current
programs, for instance the Toilet Rebate offer during 1999 and 2000.  When staffed,
an opportunity exists for Town staff and elected officials to interact with their
customers and constituency.  Water conservation handouts on a range of topics are
available to the public. <Funding Potential>

d. Children’s Festival
Sponsored by San Juan Island Parks and Recreation District, and held every
September at the Fairgrounds, this festival offers a variety of activities for children and
their parents.  The Town Water Conservation Office could borrow, rent or purchase a
different activity each year that focuses on water conservation, watersheds, or the
hydrological cycle.  A wide range of fun and educational activities of this type are
available through various professional educational organizations. <Funding
Potential>

! Current Program – Continue participation in community events.  Ongoing program
expanded to a level warranted by staff time and funding.

10.5 Water Conservation Message

a. Inclusion in Local Publications
Rather than devote funding to in-house publications, an effective and often times free
approach is to contact local publications and request the inclusion of the simple
message “Water is a precious Islands’ resource, please use it wisely,” providing more
information as space allows.  Examples of such publications include:

•  Newspapers – press releases, guest editorials, and occasional paid advertising

•  Event Schedules – SJC Fair, Jazz Festival, San Juan Theatre

•  Targeting Visitors – Springtide, Reflections, Island’s Almanac, At Home
•  Real Estate – At Home, Caldwell Banker’s Showcase, Windermere’s Guide
•  Guidebooks – include locally produced (e.g. Emily’s Guides, etc.) and

mainstream

•  Maps of the San Juans available for visitors.

Note that the Discover Washington State series contour maps of the San Juan
Islands, published by International Travel Maps, contains the following message:
“Water Conservation in the Islands – Despite the obvious fact that there seems to be
water nearly everywhere you look in the San Juans, fresh, potable water is in short
supply in many locales.  If you are traveling in a camper or private boat, it is
advisable to fill your water tanks at home or at the last mainland stop.  Once in the
islands, be mindful of your water consumption and think conservation.  Don’t let
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faucets run unnecessarily at campgrounds, don’t use fresh water to wash down your
boat at marinas, and don’t plan to wash your car or camper in the islands.”

b. Websites
The Town’s Water Conservation Office works with the System Administration
Department to post current water conservation programs on the website,
www.fridayharbor.org and to link to other web sites that feature Friday Harbor.

When possible, these websites are asked to include at least the simple message “Water
is a precious Islands’ resource, please use it wisely.”  Further information on water
conservation is provided when appropriate.

! Current Program – Continue to post aspects of the Town’s water conservation
program on the web.  This is in essence free coverage of the Town’s programs, and
is accessed by a worldwide audience.  Funding organizations often give credits for a
web presence.  Ongoing program to be implemented and expanded as staff time
allows.

c. Printed Material Distribution
Handouts pertaining to water conservation are available from a number of sources,
including other utilities, state and federal agencies, and professional peer organizations.
Though it takes time to read newsletters and other publications listing such resources, it
is well worth it in the printing costs saved.  The Water Conservation Office has a supply
of several such handouts and keeps records of quantity distributed and contact
information for obtaining additional copies.

The Water Conservation Office maintains a distribution schedule to the following:

•  Town Offices – main reception areas, and Water Conservation Office

•  County Courthouse

•  SJC Health and Community Services

•  SJC Planning Department

•  San Juan Public Library

! Current Program – Continue to accumulate and distribute water conservation
handouts.  Ongoing program.

For general information, the above approach works well, however there may be specific
instances when locally tailored information is beneficial.  The key to minimizing cost is to
specify a target audience and to accurately estimate the print run needed.

! Potential Program – Redesign in-house a tent card (or other type of format) when
the current supply runs low.  Include information specific to the Town and a welcome
to visitors. <Funding Potential>

http://www.fridayharbor.org/
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The Town’s Water Conservation Office has produced two pieces of tailored information,
and though outdated, both are still useful:

1) Water Conservation: good sense on an island – describes Friday Harbor’s water
conservation program and gives tips for summer savings.  Three brochures are
recommended, all of which are out of print and no longer available.

! Potential Program – Reprint the Town’s water conservation brochure including
updated information.  Do so after a thorough analysis of past distribution to
determine the maximum quantity necessary. <Funding Potential>

2) Town of Friday Harbor Tip Sheet – describes customers’ meters and how to locate
leaks, as well as the Town’s leak detection program.  This was intended to be the
first in a series of publications and is dated Spring 1998, however, the information
contained is never the less still pertinent.

! Potential Program – Publish the Tip Sheet series on an annual basis, mailing
only to owners and renters who live on the island, and designing the publication
in-house.

<Funding Potential>

Chapter 11        Data Collection and Demand Forecasting

WA State Department of Health’s (DOH) Conservation Planning Requirements
established 1991 as the initial year for a specific set of data to be collected, and for
demand forecasting to be completed by municipalities and reported to DOH.

11.1 Data Collection and Reporting

According to DOH requirements, “If the data has not been collected for any of the
categories, you will be required to make a commitment in your conservation plan to
begin collecting the data as required.  This commitment must include a schedule for
when the data will begin to be collected, and what improvements if any will be made to
ensure the data is collectable.  Systems which make this commitment to collect data,
but do not follow through and collect the information may be unable to receive
subsequent water system plan approval or approval for additional water rights, until the
required data is collected.”

This data will be used by state agencies to forecast demand for future water needs,
develop regional water use patterns, evaluate the success of water conservation plans,
and other efforts.

a. Monthly Utilities Summary Reports
The Town’s System Administration Department has been publishing most of the
required daily, monthly and annual water use data in the Town of Friday Harbor Water
and Sewer Utilities Summary Reports, updated monthly.
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The ‘mining’ of this data provides information that is used by Town staff in daily
operations, and in both short and long-term planning efforts.  In order to maximize this
resource to benefit the Town’s elected decision-makers, and in order to more fully
comply with State requirements the following recommendations are made.

! Recommended Program - Install a device to automatically measure reservoir levels,
and transmit data to the Water Treatment Facility. <Funding Potential>

b. Conservation Program Data
As previously mentioned, at least five years worth of data must be accumulated to
assess program success.  Data is collected by the Water Conservation Office in the
following formats:

•  Event Summary – tracks printed material handed out, supplies needed, and general
event information for each event.

•  Material Distribution Log – tracks each water conservation publication, location of
distribution points, number distributed, date of distribution, back-stocked quantities,
and contact information for obtaining more copies.  This information helps determine
the print run quantity for publications designed by the Town’s Water Conservation
Office, as well as when a publication may need to be updated.

•  Customer Service Log – records calls and walk-ins for both Town water customers
and those not on Town water.

c. Water Conservation Customer Account Database
Records of those customers who participate in conservation measures offered by the
Town of Friday Harbor are correlated with account numbers.  This database is still in
the design phase, and will include water efficient clothes washers, low flush toilets, and
rain barrels.  As proposed conservation programs are implemented, it will be expanded
to include other elements, such as audits.

Two things are accomplished by this system
1) Customers that are documented as conserving can be awarded incentives.
2) Actual conservation may be more closely measured by correlation with use data.

! Recommended Program – Finalize and maintain a database that will track customer
participation in Town water conservation programs, and link this database to utility
accounts.

11.2 Water Demand Forecasting

WA State DOH requires that water utilities develop a complete forecast of water
demand, including water use reduction resulting from implementation of water
conservation measures.  Demand projections for six and twenty years into the future,
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for both average daily demand and peak daily demand must also be included.  This
information is currently included in the Town’s Comprehensive Water System Plan
Update.

a. Weather Forecasting
On a practical local level, accurate weather forecasting data is very helpful in assessing
both immediate future supply and immediate demand.  Weather forecasts for the
‘summer’ indicate levels of potential outdoor use, and predicted sunny days may be
linked to potential visitor population increases, thus demand.

Weather forecasts for upcoming fall and winter predict precipitation levels, and thus the
resulting recharge of the reservoir.  Given the vulnerability of the Town’s water sources
to over-winter droughts, this type of forecasting would be very valuable.

! Recommended Program - Install an automatic weather station at the Water
Treatment Facility including rain and wind gauges, thermometer and barometric
pressure with telemetry capability.

! Recommended Program – Develop a series of weighted coefficients based on the
most accurate sources of weather forecasting, including sources in British Columbia.
Evaluate this data on a monthly basis, and on a weekly basis during periods when
increased levels of water conservation may need to be implemented - for example if
the proposed Outdoor Use Ordinance goes into effect or if stages of the Town’s
Water Shortage Response Plan are implemented.

! Potential Program – Assess the cost/benefit of contracting for customized, local
weather forecasts on a quarterly or seasonal basis, more often when in drought
conditions.

Chapter 12   Water Resources Advisory
Board

“The history of humankind is the story of water – a tale of communities blooming along
the banks of rivers, lakes, and edges of oceans.  No civilization flourishes without water
and human survival depends on good drinking water.  All the water that ever has been
or will ever be on Earth is here now, and with only 1 percent of all that water available
for drinking, water conservation makes sense.” (Emerson, Harriet 1998.)

Water conservation and demand management factor into the larger scope of “water
resources.”  Issues such as water quality and watershed management are increasing in
importance as county, state and federal agencies turn their attention in these directions.

Once the Town of Friday Harbor added the 1,001 account, WA State Department of
Health classified the municipality along with all other utilities serving 1,000 to 10,000
connections.  Accompanying this distinction of moving into the medium league came
increased regulation and responsibilities, many of which are unfunded mandates.



See C:\Program Files\Adobe\Acrobat 4.0\Acrobat\plug_ins\OpenAll\Transform\temp\AllWaterConPlan01.doc

In the water quality arena, testing requirements have increased, and recently a Water
Quality Report, also known as a CCR (Consumer Confidence Report) has been
required annually.  False Bay Watershed, which contains the Town’s Trout Lake
Watershed, was prioritized ninth in San Juan County’s Watershed Ranking process and
in the recently adopted San Juan County Watershed Management Action Plan.

On another front, San Juan County is now in Phase II of the Water Resource Inventory
Area (WRIA) planning process and is attempting to determine the quantity of water
available in the San Juans, including the amount available to the Town’s system.
Washington State water law is undergoing an intense period of scrutiny and change.
The old definitions of ‘water rights’ may well undergo transformation in the near future.

In summary, water resource issues are increasing in number and scope.  The Town, as
the largest incorporated area and largest water provider in San Juan County, is a major
player.  An advisory body of qualified individuals who are also water customers would
benefit Town staff, elected officials, and ultimately their constituency and customers.

An immediate focus on areas of high potential in water conservation and demand
management, within the larger, overall context of emerging water issues would bring
much needed information to the Town’s decision making table.

! Recommended Measure – Assign the duties of a Water Resources Advisory Board
to the Town Planning Commission.  Assess the potential of the following:

•  Desalination unit and/or reuse potential for the Wastewater Treatment Facility.
<Funding Potential>

•  Partnering with SJC Health and Community Services in Phase III of WRIA planning
which, according to Ecology and DOH, will focus on water conservation and reuse.

<Funding Potential, SJC is a current funding recipient>

Chapter 13   Funding
Sources

To date, the Town’s Water Conservation Program has been funded through internal
sources only. In effect for 1999 and thereafter, the fourth tier of SFR rates was
established to fund the program and in actuality covered 91% of program costs in 1999.

The Town of Friday Harbor struggles along with other municipalities around the nation
to meet unfunded state and federal mandates, and to adequately maintain and improve
infrastructure.  Awareness at the federal and state levels of this plight, combined with
the recognition of the importance of water conservation, is slowly translating into funding
opportunities.

Augmentation of the Town’s investment in water conservation is possible by directing
staff to explore all levels of funding opportunities.  Note that credit is given for the
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inclusion of water conservation elements in State funding applications for infrastructure
improvements.

! Recommended Program – Research funding criteria and establish a chronology of
funding deadlines.  Create a prioritized list of fundable Town projects and programs.
Devote the necessary staff time to communicate with funding agencies and
organizations, attending workshops when necessary.  Complete targeted funding
applications and, when necessary, administer funded projects.  Ongoing program.

13.1 State Funding for Water Utilities

Water conservation plans and the implementation of specific conservation measures
may soon be required of applicants for any type of state funding.  (WA State DOH,

December 1998.)

a. Combined Ecology Funding Application
Applications have been modified to include Section V, which asks, “Are there any State
of Washington or Federal mandates that this proposed project addresses?”  Worth 100
points out of an application total of 1,000, the applicant must also answer the question,
“How does the project involve water conservation and/or the development of facilities to
provide reclaimed water to replace potable water in non-potable applications?”

b. State Revolving Fund
Authorizes use of funds for leak repair and main replacement, meter installation and
pressure reduction valves.

c. Water Utility Tax Credits
House Bill 1821 was executive request legislation in 1996 and forwarded for
consideration through 2001.  If passed, it would provide a tax credit, $.50 or $1 for every
$1 invested, for public water systems investing in water conservation measures. As of
April 2001, water utility tax credits for municipalities with an approved water
conservation plan are proposed in House bill 1832.

! Recommended Town Council Action – Support legislation that provides incentives
for water conservation during upcoming legislative sessions.  Your Water
Conservation Office has specific details.

13.2 Federal Funding

Most of the following programs require specific project detail that is linked to an
approved economic development plan and/or proof of financial hardship.

a. Bureau of Reclamation, U.S. Department of the Interior
Grants are available for a range of water conservation projects, such as planning,
education, demonstrating innovative technologies, and conservation-implementation
activities.
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b. Economic Development Administration, U.S. Department of Commerce
Grants are provided to fund public works infrastructure and development facilities
including improvements to drinking water systems.  Conservation measures are eligible
under the grants.

c. Rural Utilities Service (RUS), U.S. Department of Agriculture
Grants and loans are offered for drinking water and wastewater infrastructure
construction for communities serving fewer than 10,000.  Conservation measures are
eligible.

13.3 Professional Organizations

Though much smaller in award amount, opportunities exist to fund specific projects
through various professional organizations devoted to water conservation.

13.4 Partnerships at the Local Level

Today’s funding climate rewards partnerships. Various public and private sources,
including Puget Sound Water Quality Action Team and People for Puget Sound,
maintain substantial funding programs.  Single applicants are rarely, if ever, considered.
Instead, partnerships between ‘stakeholders’ are rewarded.

The Town of Friday Harbor is a major stakeholder in several potentially fundable areas,
including water conservation. An added advantage to partnering is that another
organization may be designated to provide administration.  Depending upon the effort
required and the percentage of the overall dollar figure devoted to administration, this
may be of significant benefit. Following are partnerships recommended in this plan that
are potentially fundable, and are indicated by the notation <Funding Potential >

! Partnership with WSU Extension Master Gardeners.

! Partnership with Chamber of Commerce, San Juan Stewardship Network, and WA
State Ferries.

! Partnership with San Juan Island School District, Spring Street School, UW Labs,
and SJC Conservation District.

Acronyms and Definitions
AUG = Augmentation

AWWA = American Water Works Association

BMPs = Best Management Practices

CFE = Capitol Facilities Element, TFH Comprehensive Plan

DOH =  Washington State Department of Health

EPA = US Federal Environmental Protection Agency
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ESHB =

FHMC = Friday Harbor Municipal Code

NDWC = National Drinking Water Clearinghouse

NPDES = National Pollutant Discharge Elimination System

OFM = Washington State Office of Financial Management

OPALCO = Orcas Power and Light Company

RCW = Revised Code of Washington

SJC = San Juan County

TFH = Town of Friday Harbor

USGS = US Geological Survey

UW = University of Washington

WA = Washington State

WAC = Washington Administrative Code

WCCPS = Water Conservation Coalition of Puget Sound

WCO = Water Conservation Office, Town of Friday Harbor

WSU = Washington State University

Customer Classes

SFR = Single Family Residential, also includes
SFR-RUR = low income elderly/disabled (must qualify through TFH)

MFR = Multi Family Residential
COM = Commercial
IND = Industrial For a list of PA, Special and Industrial accounts,

PA = Public Authority refer to Appendix F

Special

Measurements
MG = million gallons gcd = gallons per capita per day
cf = cubic feet gpd = gallons per day
sf = square feet gpm = gallons per minute
psi = pounds per square inch ERUs = equivalent residential units

References

Association of Washington Cities, Water, Sewer and Stormwater Fees, Part IV Revised AWC Tax and User Fee
Survey, 1999



See C:\Program Files\Adobe\Acrobat 4.0\Acrobat\plug_ins\OpenAll\Transform\temp\AllWaterConPlan01.doc

Association of Washington Cities, Water, Sewer and Stormwater Fees, Part IV of AWC Tax and User Fee Survey,
1998, 1997, 1996

AWWA Pacific Northwest Section, Water Conservation Committee, Water Conservation Guidebook for Small and
Medium-Sized Utilities, August 1993, revised 1999

Brandon, Mark T., Darrel S. Cowan and Joseph A. Vance, The Late Cretaceous San Juan Thrust System, San Juan
Islands, Washington, Special Paper 221, The Geological Society of America, 1988

Citizens Advisory Committee, Water Assessment for San Juan County, San Juan County Planning Department and
Department of Social and Health Services, WA State Department of Ecology, December 1985

Coats, Callum, Living Energies, Gateway Books, UK, 1998

Economic and Engineering Services, Inc., San Juan Island Critical Water Supply Service Area Coordinated Water
System Plan, the San Juan Island Water Utilities Coordinating Committee, Revised September 1997 and adopted

October 1997

Emerson, Harriet, Conservation: it’s the future of water, Volume 7, “On Tap,” National Drinking Water Clearinghouse,
Rural Utilities Service, Winter 1998

Financial Consulting Solutions Group, Inc., Town of Friday Harbor Utility Rate Study, Final, December 1993

Gruber, Joe, L. Crosby, J. Slocomb,  Final Report Town of Friday Harbor Desalination Research Committee, June,

1994

KCM, Town of Friday Harbor Trout Lake Capacity Analysis, Final, June 1994

KCM, Town of Friday Harbor Comprehensive Water System Plan Update, Adopted Final, February 1997, approved
by WA State DOH as 1995

KCM, Town of Friday Harbor Trout Lake Dam Improvement Feasibility Study, Draft, October 1997

Maddaus, William O., Water Conservation, Denver: American Water Works Association, 1987

National Drinking Water Clearinghouse (NDWC), “On Tap,” Volume 7, Rural Utilities Service, Winter 1998

Simon, Paul, Tapped Out: the coming world crisis in water and what we can do about it, New York: Welcome Rain
Publishers, 1998

San Juan County Health and Community Services, San Juan County Watershed Management Action Plan, 2000

San Juan County Planning Department, San Juan County Comprehensive Plan, December 1998

Town of Friday Harbor, Capitol Facilities Concurrency, Planning Commission Report, April 22 1999

Town of Friday Harbor, Capitol Facilities Element, Draft Comprehensive Plan, June 1999

Town of Friday Harbor, Emergency Water Restrictions, TFH Ordinance 1083 and Chapter 13.16 FHMC, Revised

1998

References, continued
Town of Friday Harbor, Water Shortage Response Plan, September 1988

Town of Friday Harbor, Draft Water Conservation Analysis, System Administration Department and Water

Conservation Program Coordinator, 1998



See C:\Program Files\Adobe\Acrobat 4.0\Acrobat\plug_ins\OpenAll\Transform\temp\AllWaterConPlan01.doc

US Environmental Protection Agency, Water Conservation Plan Guidelines, EPA-832-D-001, Office of Water, August
1998

US Geological Survey (USGS), Long Term Water Supply Linked to Climate Change, Washington Fact Sheet, 1999

WA State Departments of Ecology and Health, Conservation Planning Requirements: guidelines and requirements for
public water systems regarding water use reporting, demand forecasting methodology, and conservation programs,
Ecology Pub. #94-24, DOH PUB 331-008, March 1994

WA State Department of Health Division of Drinking Water, Draft Interim Water Conservation Program, June 15, 2000

WA State Department of Health, Water Conservation Communications Plan, prepared by Wright Communications
Inc., June 2000

WA State Department of Health, Water Conservation Survey of Small and Medium Water Systems, prepared by
Wright Communications, Inc., June 30, 2000

WA State Department of Health, Conservation Planning Requirements for Public Water Systems with 1,000 – 10,000
Service Connections, undated

WA State Department of Health, Municipal Water Conservation Analysis and Recommendations, December 1998

WA State Department of Health, Water Reclamation and Reuse Interim Standards, Ecology Pub. #93-21, February
1993

Bibliography

California Urban Water Conservation Council, Memorandum of Understanding Regarding Urban Water Conservation
in California, as amended April 8, 1998

California Department of Water Resources, Guidebook of Conservation-Oriented Water Rates, Water Conservation,
Guidebook No. 9, October 1988

Capitol Regional District, Victoria BC, CRD Water Strategic Plan Review, Volume 1, Supply and Demand
Management, 1999

CH2MHill, City of Port Angeles  Comprehensive Water System Plan, Water Conservation, Chapter 6, 1995

City of Glendale, Arizona, Landscaping Consulting Program, 1999

City of Marysville, WA, Water and Sewer Conservation Measures, 1990

City of Olympia, Water Conservation Plan, Volume 3 of the Water Comprehensive Plan, December 1996

City of Phoenix, Water Conservation Plan, Water Conservation Office, Water Services Department, 1998

City of San Diego, Water Conservation Ordinance

Grisham, A., and M. Flemming, Long-Term Options for Municipal Water Conservation, AWWA Journal, 1989

Henning, R.W., How to Obtain and Maintain Public Involvement: the key to successful conservation programs,
Pp.429-433 in Proceedings of Conserve 96, AWWA, 1996

Kruckeberg, Arthur R., The Natural History of Puget Sound Country, Seattle: University of Washington Press, 1991

Marin Municipal Water District, Landscape Ordinance 385, 1999

McKee, Bates, Cascadia, McGraw-Hill Company, 1972

Monterey Peninsula Water Management District, Expanded Water Conservation and Standby Rationing Plan,
Adopted February 1999



See C:\Program Files\Adobe\Acrobat 4.0\Acrobat\plug_ins\OpenAll\Transform\temp\AllWaterConPlan01.doc

Orr, Elizabeth L. and William N., Geology of the Pacific Northwest, McGraw-Hill Companies, 1996

Reisner, Marc, Cadillac Desert: the American West and its disappearing water, New York: Viking Penguin, Inc., 1986

Ritter, Dale F., Process Geomorphology, Wm. C. Brown Company Publishers, 1978

Russell, Robert H. editor, Geology and Water Resources of the San Juan Islands, with contributions by the USGS,
Water Supply Bulletin No. 46, Department of Ecology, 1975

Seattle Public Utilities, Regional Water Conservation Accomplishments: preserving our waters, 1999

Scherrer, Joseph P., Urban Water Management Plan,”Citrus Heights Water District, CA, adopted March 1996

U.S. Geological Survey (USGS), Estimated Use of Water in the United States in 1995,  USGS Circular 1200, 1995

Washington Water Utilities Council, WA State Department of Health, Economic and Engineering Services, Inc.,
Overview of Conservation-Oriented Rate Structures for Public Utility Systems: questions and answers, April 1995

Relationship of Water Conservation Plan Appendix 
A

to Other Planning Efforts

Coordination and consistency with related Town and County documents are important
elements of any planning effort, as are meeting state level planning requirements.  This
plan dovetails with the following Town, County and State efforts.

Town of Friday Harbor

Comprehensive Water System Plan Updates
The umbrella document outlining the Town’s long-term strategies for water supply management.
Required by WA State Department of Health (DOH) to be updated every six years.  Next update required
October 2001.

The Water Conservation Plan is Volume 2 of this overall plan.

Capitol Facilities Element of Adopted GMA Comprehensive Plans
The planning element outlining the Town’s long-term strategy for infrastructure improvements, such as
water system transmission lines and the Trout Lake Reservoir dam.

The Water Conservation Plan outlines strategies to reduce annual and peak consumption of water by 10-
20%, thereby allowing more time to financially plan for needed infrastructure improvements.

Comprehensive Sewer System Plan
A planning document outlining the Town’s long-term strategy for wastewater management.

The Water Conservation Plan outlines strategies to reduce use of water by 10 - 20% and thus decrease
the effluent load on the wastewater treatment facility.
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Water Shortage Response Plan
Adopted in 1988, this plan defines the official level of water shortages, the steps the Town must take to
inform the public, and outlines limited and/or prohibited public water uses as well as fines and
enforcement procedures.

Chapter 13.16 FHMC, Emergency Water Restrictions, accompanies the above plan and was revised in
1998.

The Water Conservation Plan outlines strategies to prevent the occurrence of water shortages, weather
permitting.

San Juan County

San Juan Island Critical Water Supply Service Area (CWSSA) Coordinated Water System Plan
Proposed by the San Juan Island Water Utilities Coordinating Committee and adopted October 7, 1977
by the SJC Board of Commissioners via Resolution 81-1997.  Following the procedures and criteria of
WAC 248-56, this plan outlines “a policy framework in which utilities, agencies, and the public can begin
to focus and prioritize efforts to ensure the reliability of the island’s existing water resources and prepare
for future needs in an orderly and efficient manner.”  Update required every five years.

Appendix A,
continued

Water Assessment for San Juan County
Prepared by a local volunteer Citizens’ Water Advisory Committee in December, 1985, as required by
WAC 248-56-300.  Provides a basis for planning and management of San Juan County’s water
resources.   Includes a preliminary analysis of San Juan Island’s geography and geology, precipitation,
surface and groundwater resources, and planning data, and future water supply needs.

Washington State

Public Water System Coordination Act, Chapter 70.116 RCW
Established a procedure for water utilities to coordinate their planning and construction programs with
those of adjacent water utilities and other local governmental activities. This Act specifies that WA State
DOH or the county legislative authority may declare an area within a county as a Critical Water Supply
Service Area (CWSSA).

Water Resource Act, Chapter 90.54 RCW
Set forth fundamentals of water resource policy to ensure the waters of the state will be protected and
fully utilized for the greatest benefit of the people of the state.  This act requires that “Procedures Relating
to the Preservation of Water for Future Public Water Supply,” Chapter 173-590 WAC be established.  The
“Preservation of Water” constitutes a shared water right, which establishes priority for public water
supplies for future allocation of water resources by the Department of Ecology.

History of the Town of Friday Harbor’s Water System   Appendix
B
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Surface water is the sole source for the water supply accessed by the Town of Friday
Harbor.  Trout Lake, the initial and primary source, is about five miles west of town in an
isolated, undeveloped pocket fed by a steep drainage basin.  The Town owns 600 acres
of the surrounding watershed that totals approximately 840 acres.

1912 Town officials declared that the “the future of Friday Harbor depends upon
good water and sewage systems.”  Following the recommendations of an
engineer, the Town, with approval from the voters, began construction of a
dam at Trout Lake and a wooden pipeline to transport water by a gravity flow
system into the Town through Beaverton Valley.

1929  Trout Lake’s wooden dam replaced with a 26 foot high cement dam.

1955  Original water treatment plant constructed and put on line.

1961  Cement dam raised 11 feet, substantially increasing storage capacity.  Ten inch
transite transmission pipeline located through San Juan Valley to replace original
wood system.

1979  AUG 1 constructed to supplement Trout Lake with additional surface water runoff.
Dam built near the southeast end of Lake 310 to collect water from a 190-acre
watershed.  Water captured in a small storage impoundment is then pumped over a hill
and into Trout Lake Creek, which drains into Trout Lake.  Lake 310 is also in the remote
mountainous interior of the island and is somewhat protected from significant
development.  The Town does not own the watershed but has water rights for
withdrawal from October 1 to April 15.

1988 AUG 2, consisting of a stream diversion, pumping station
and force main, built to provide additional surface water runoff.  The Town owns
secondary water rights and may withdraw water from November 1 to April 15.
Water from a 3850-acre watershed is funneled through a weir and was initially
pumped directly to the treatment facility.  The high tannin content presented
difficulties to the treatment plant’s filters.  The situation was remedied in 1994.

1994  AUG 2’s pump station improved and a main added to pump water directly to Trout
Lake prior to treatment to mitigate the above mentioned treatment difficulties.

1995 Facilities constructed to allow withdrawal from Trout Lake’s “dead storage”.  Emergency siphoning
has the potential to increase the Town’s supply by up to 50 million gallons (MG).

1998  A third filter was added to the treatment system.  Two filters must operate
simultaneously during peak demand, the third acts as a backup in case of failure.

♦  Note: replacement of aging distribution lines is funded on an ongoing basis.
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1999 Top Annual Water Users

Customer Type # of Accounts Use (gallons) Avg./Acct

Town 2 5,421,720 2,710,860

Public Authority 6 11,229,080 1,871,513

Multi-family 8 12,894,120 1,611,765

Commercial 23 18,159,080 789,525

Single Family 1 302,190 302,190

1999 Top Peak Month Water Users

Customer Type # of Accounts Use (gallons) Avg./Acct

Public Authority 6 2,124,660 424,932

Multi-family 4 1,307,240 326,810

Town 2 479,200 239,600

Commercial 24 2,459,260 102,469

Single Family 4 184,160 46,040

WA State Legislative Actions and Statutes Appendix
N

Legislative Actions

Water Rate Study Committee – DOH, Ecology and the Washington Water Utility Council prepared a
report to the legislature in December 1995 identifying economic and institutional constraints to
implementing conservation oriented water rates.

Water Resources Forum – A stakeholder group representing local, state and tribal governments, and
business, agriculture, fisheries, recreation and environmental interests forwarded consensus based water
conservation recommendations to the Governor and legislature in October 1994.
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Water Resources Data Management Task Force – The Legislature enacted Chapter 295, Laws of
1990, which provided for the development of the Water Resources Data Management Program and Task
Force.  Members included state agency representatives, tribal and local governments, business and
recreational interest, agricultural and environmental organizations, and other interested parties.

Final Report of the WA State Water Use Efficiency Study Committee – SHB 1594 was passes by the
state legislature in 1988.  As part of this bill, a committee was directed to investigate and evaluate
opportunities for improving water use efficiency and to report to the legislature.  The committee included
members of the State House and Senate, outside water interests, state agencies, and the governor.
Water use efficiency was considered from a technical, legal, institutional, socio-economic and
environmental perspective.

Water Efficiency: Opportunities for Action – Report to the Western Governors’ Association
The Western Governors’ Association (WGA) is composed of sixteen states, one commonwealth and two
territories.  Members of the WGA Water Efficiency Working Group, the Western States Water Council and
the US Department of the Interior compiled this report in 1987 with funds from the Ford and Hewlett
Foundations.

Statutes Supporting and/or Requiring Water Conservation

RCW 19.27.170 – Water Conservation Performance Standards – Establishes state low flow plumbing
fixture requirements.

RCW 35.67.020 – Sewerage Systems – Authorizes cities/towns to consider the achievement of
water conservation goals and the discouragement of wasteful water use practices when setting

sewer rates.

RCW 35.92.010 – Municipal Utilities – Authority to Acquire and Operate Waterworks – Requires
municipalities to provide a safe and reliable supply of water as efficiently as possible: Classification of
Services for Rates – Authorizes cities/towns to consider the achievement of water conservation goals and
the discouragement of wasteful water use practices when setting water rates.

RCW 43.20.230 – Water Resources Planning – Procedures, Criteria, Technical Assistance – Directs
DOH, consistent with the water resources planning process of Ecology, to develop procedures and
guidelines related to water use efficiency to be included in the development and approval of cost effective
water system plans.

RCW 43.20.235 – Water Conservation – Water Delivery Rate Structures – Requires water purveyors who
develop water system plans to evaluate the feasibility of adopting and implementing water delivery rate
structures that encourage water conservation.

Appendix N,
continued
RCW 43.27A.090 – Powers and Duties of Department – Directs Ecology to adopt policies to insure water
is “used, conserved and preserved” for the best interests of the state.

RCW 43.70.310 – Cooperation with Department of Ecology – Directs DOH, where feasible, to integrate
our efforts and endorse policies in common with Ecology.

RCW 90.03.005 – State Water Policy – Reduction of Wasteful Practices – Instructs Ecology to reduce
wasteful practices in the exercise of water rights “to the maximum extent practicable.”
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RCW 90.03.400 – Crimes Against the Water Code – The willful or negligent waste of water to the
detriment of another shall be a misdemeanor.

RCW 90.44.110 – Waste of Water Prohibited – No public ground waters that have been withdrawn shall
be wasted without economical beneficial use.  Ecology shall require both flowing and non-flowing wells to
be constructed and maintained as to prevent the waste of public groundwater through leaky pipes.

RCW 90.48.495 – Water Conservation Measures to be Considered in Sewer Plans – Ecology is to require
sewer plans to include a discussion of water conservation measures considered or underway and their
impact on public sewer service.

RCW 90.54.020 – General Declaration of Fundamentals for Utilization and Management of Water of the
State – Directs Ecology to encourage federal, state, and local governments to carry out practices of
conservation.  Also indicates that improved water use efficiency and conservation shall be emphasized in
the management of the state’s water resources and in some cases will be a potential new source of water
to meet future needs.

RCW 90.54.180 – Water Use Efficiency and Conservation Programs and Practices –
•  Provides that increased water use efficiency should receive consideration as a potential source of

water in state and local water resource planning processes and stipulates that water use efficiency
programs should mix incentives and regulation.

•  In determining cost-effectiveness of alternative water sources, consideration should be given to the
benefits of conservation, wastewater recycling and impoundments.

•  Entities receiving state financial assistance for construction of water source expansion or acquisition
of new sources shall develop and implement a water use efficiency and conservation element of a
water system plan.

•  State programs to improve water use efficiency should focus on areas where water is over
appropriated.

•  State agencies should educate the public concerning the wise and efficient use of water.

Senate Joint Resolution 8210 – Amendment to State Constitution to Encourage Water Use Efficiency
(passed by voters November 1989) – Permits county, city, town, quasi-municipal corporations, municipals
corporations or political subdivisions of the state engaged in the sale or distribution of water to use public
money to finance increased water use efficiency.

ESHB 2514 – Regional Watershed Planning Bill (1998) Session – Local planning units developing
watershed plans are required to develop an estimate of water actually being used (water use), an
estimate of water needed in the future (water demand forecast), and strategy for increasing water
supplies through conservation, reuse, etc. (water conservation).

WAC 246-290 – Group A Public Water Systems – Water System Plans – Requires public water systems
to address several elements including a “conservation program” in their water system plan.  Public water
systems are also required to specifically address water demand forecasting, water use data collection,
and enhanced water conservation planning where water rights will be needed within 20 years.

History of Town Water Conservation Programs
       Appendix O

Note that the Town Council reduced water conservation funding to one day per
week for 2001.  This covered the updating and adoption of the Town’s Water
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Conservation Plan, however no programming or other projects except for the
continuation of the toilet rebate program were funded.

MEASURES UNDERTAKEN BY UTILITY
Utility = Town of Friday Harbor Water System

Implementation
Dates

Program
Description

1997, 1998, 1999, 2000 Fund a Water Conservation Program Coordinator Position

          1998 Draft a Water Conservation Analysis

                    1999, 2000, 2001 Produce an adopted and approved Water Conservation Plan

PUBLIC INFORMATION

Implementation
Dates

Program
Description

1997, 1998, 1999, 2000

1997, 1998
                   1999, 2000
1997,1998, 1999, 2000

1989 -1998,1999, 2000
1997, 1998

Events
•  Master Gardener Annual Workshop

•  San Juan County Fair

•  Share booth space with OPALCO

•  Separate booth focusing on water conservation

•  Incorporate conservation message into Master Gardener
displays

•  5th Grade Annual Watershed Tours in September & October

•  Display at Library (for a 1 month period)

1997, 1998, 1999, 2000

1997, 1998, 1999, 2000

1997, 1998, 1999, 2000
1997
          1998

Distribution of Information
•  Master Gardeners’ table at Farmers’ Market every Saturday

April – Sept.

•  Library, Courthouse, Public Health Department, WSU
Extension Office,     Port of Friday Harbor

•  Hotels, Bed & Breakfasts, other businesses

•  Water Conservation Brochure produced by TFH, WCO

•  Tip Sheet produced by TFH, Water Conservation Office

1997, 1998, 1999, 2000
1997, 1998, 1999, 2000

Articles
•  Newspapers

•  Other Publications and Programs, examples:
      San Juanderer, SJC Fair Premium Book, and Springtide

 TFH = Town of Friday Harbor       WCO = Water Conservation Office
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MEASURES TARGETING USERS

Customer Classes: SFR=Single Family Residential;  MFR=Multifamily Residential; COM=Commercial; IND =
Industrial           P.A = Public Authority

Implementation
Dates

Program
Description

1970’s Monthly Billing Statement - consumption history

1997, 1998, Ongoing Rate Structuring, tiers to block rates added

Ongoing Plumbing Code updates mandated by WA State

1997, 1998
                              2000, 2001
1997, 1998

Fixture Retrofits & Rebates SFR, MFR classes

•  Showerheads & Aerators coop with OPALCO

•  Low Flush Toilet Rebate

•  Washers (Washwise) coop with OPALCO,
Conservation District, and local retailers

           1998, 1999
1997, 1998, 1999, 2000

Efficient Irrigation SFR, MFR, COM, IND, PA classes

•  Rain Barrels

•  Rain Gauges
Landscaping Audits SFR, MFR, COM, IND, PA classes

Customer Surveys SFR and MFR classes

•  Number of visitors by month

•  Type of plumbing devices in use

•  Use patterns

•  Interior

•  Exterior

Audits SFR, MFR, COM, IND, PA classes

•  Inside

•  Outside

MEASURES TARGETING UTILITY

Implementation

Dates

Program
Description

1955
1996

Upon user  request

Source Metering
•  Production at Treatment Plant

•  Source into Trout Lake
User Metering
•  Sub-metering Specific Users

Ongoing since 1970’s Reduced PSI primarily at Port and Waterfront

Occurs if line loss is >10%

1993, 1996, 2000
Have not been tested

Leak Detection
•  Mains

•  Subsidiaries
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Reclaimed Treatment Facility Water
•  Wastewater Treatment Plant internal use

•  Watering football field
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Appendix E: Water Extension Requirements 
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Appendix F: Water Shortage Response Plan 
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Appendix G: Trout Lake Emergency Action Plan (EAP) 
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Project Name:  Trout Lake Storage Dam 
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Location:  Town of Friday Harbor, San Juan County, 
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SECTION I – INTRODUCTION 

This Emergency Action Plan (EAP) defines responsibilities and provides 
procedures designed to: 

• Identify unusual and unlikely conditions which may endanger the dam. 

• Initiate remedial actions to prevent or minimize the downstream 
impacts of a dam failure. 

• Initiate emergency actions to warn downstream residents of impending 
or actual failure of the dam. 

Official Dam Name:  Trout Lake Dam 

Located on:  An unnamed Creek, San Juan County 

Section 35     Township 35 North   Range 3 West W. M. 

Dam Owner and Operator:  Town of Friday Harbor, Washington 

Type of Dam:  Concrete Arch Dam 

Dimensions of Dam:  

Dam Height: 37 ft Structural/35.5 ft Hydraulic     

Dam Crest Length: 121.5 ft       

Dam Crest Width: 2 ft 

Downstream Flood Path:   

• Trout Lake Dam via unnamed creek across Julie Road, with run up 
toward Woods Reservoir,  

• Across Prohaska Road with run up toward Nettle Creek Dr., 

• Across Wold Road and a small portion of Ellison Lane, 

• Into Upper and Lower Zylstara Lake, 

• Across Valley Farms Road,  

• Across Bailer Hill Road and a portion of False Bay Drive, and 

• Out False Bay and into the Strait. 
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Downstream Hazard Classification: Class 1C, High 
 
Number of Homes in the Floodplain: 4 in the flood plain (3 are occupied as of 
Jan 2007).  Several more are very close. 

Downstream Property with Structures Description: 

Street Address Owner Mailing Address Description 

346 Julie Road DANIEL B 
SHELLEY & 
ELIZABETH BUCK 

PO BOX 1161 FRIDAY 
HARBOR, WA  98250-1161 

Sheet 1: one house above Julie Road at 
approximately 0.61 miles is not inundated but 
the water comes uncomfortably close 
~5 minutes to arrival, 9 minutes to peak 

375 Julie Road BOYD & SAIFON 
CRUMPACKER 

PO BOX 3034 FRIDAY 
HARBOR, WA  98250 

Sheet 1: one house and outbuildings below 
Julie Road also at approximately 0.61 miles  
~6 minutes to arrival, 10 minutes to peak 

390 Prohaska Rd MICHAEL J 
LAZZARI & 
ROBERTA L 
BLAIR-JT/RS 

474 PROHASKA FRIDAY 
HARBOR, WA  98250 

Sheet 1: one trailer at approximately 1.33 miles  
~14 minutes to arrival, 36 minutes to peak 

530 Wold Rd TOWN OF 
FRIDAY HARBOR 

PO BOX 219 FRIDAY 
HARBOR, WA  98250 

Sheet 2: the Town of Friday Harbor’s Water 
Treatment Plant at approximately 1.46 miles is 
not inundated but the water comes 
uncomfortably close 
~18 minutes to arrival, 38 minutes to peak 

378 Wold Rd JOHN L DWYER PO BOX 2031 FRIDAY 
HARBOR, WA  98250 

Sheet 2: one house at approximately 1.65 
miles is not inundated but the water comes 
uncomfortably close 
~20 minutes to arrival, 41 minutes to peak 

74 Wold Rd GARRETT C & 
LEISHA M 
HOLMES 

PO BOX 3214 
FRIDAY HARBOR, 
WA  98250 

Sheet 2: one house at approximately 1.80 
miles 
~22 minutes to arrival, 52 minutes to peak 

72 Wold Rd 
 

GARRETT C & 
LEISHA M 
HOLMES, or 
 

PO BOX 3214 
FRIDAY HARBOR, 
WA  98250, or 
 

Sheet 2: one barn also at approximately 1.80 
miles 
~22 minutes to arrival, 52 minutes to peak 

112 Wold Rd BRADFORD T 
SMITH 

PO BOX 596 OCCIDENTAL, 
CA  95465 

Sheet 2: one barn also at approximately 1.80 
miles 
~22 minutes to arrival, 52 minutes to peak 

1069 Bailer Hill 
Rd 

SIDNEY E & 
SUSAN E CLARK 

305 BLUE RIDGE 
PARKWAY MADISON, WI  
53705 

Sheet 6: no structures, minor water on 
northeast corner of property at approximately 
4.98 miles 
~1 hr 31 min to arrival, 2 hr 20 min to peak 

3213 False Bay 
Dr 

AMANDA A DUFF 1600 HUNTINGTON DR SO 
PASADENA, CA  91030 

Sheet 6: one house at approximately 5.20 
miles 
~1 hr 38 min to arrival, 2 hr 23 min to peak 

2416 False Bay 
Dr 

LADDIA A 
WHITTIER,CUS
T  FOR 
AMANDA DUFF 
& PAUL DUFF 

PO BOX 9 
FRIDAY HARBOR, 
WA  98250 

Sheet 7: one barn at approximately 5.41 miles 
This address corresponds to a house that is 
NOT in the inundated area, but the nearby barn 
is in the inundated area. 
~1 hr 45 min to arrival, 2 hr 27 min to peak 
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RESPONSIBILITIES 
 

Day to day operation and maintenance of the dam:  Utilities Superintendent, 
Town of Friday Harbor (Mike Wilks) at (360) 378-2154.  In the absence of the 
Utilities Superintendent, the Lead Water Supervisor, Town of Friday Harbor 
(Mike Deegan) at (360) 378-8353 is responsible for fulfilling the Utilities 
Superintendent’s duties. 
 
Implementation of the Emergency Action Plan:  Utilities Superintendent, 
Town of Friday Harbor (Mike Wilks) or the Town Administrator, Town of 
Friday Harbor (King Fitch).  In the absence of the Utilities Superintendent 
(Mike Wilks), the Lead Water Supervisor (Mike Deegan) is responsible for 
fulfilling the duties of the Utilities Superintendent. 

 
Determining and identifying conditions or events that require emergency 
action:  Mike Wilks, Utilities Superintendent, Town of Friday Harbor.  In the 
absence of Mike Wilks-Utilities Superintendent, Mike Deegan-Lead Water 
Supervisor (360) 378-8353 is responsible for fulfilling the duties of the 
Utilities Superintendent. 

 
Mike Wilks-Utilities Superintendent (360) 378-2154 as representative of the 
dam owner is also responsible for the implementation of the EAP which 
includes: 

a) Notifying Residents in downstream homes of the Emergency 

b) Contacting San Juan County/Town of Friday Harbor Emergency 
Management  

c) Contacting the San Juan County Sheriff 

d) Contacting the DOE Dam Safety Section 

e) Obtaining Emergency Supplies and Equipment 

(In the absence the Utilities Superintendent (Mike Wilks), the Lead Water 
Supervisor (Mike Deegan) is responsible for fulfilling the duties of the 
Utilities Superintendent. 

 

The Town Administrator (King Fitch) at (360) 378-2390 is responsible for 
notifying the Press and News Media. 
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The Utilities Superintendent (Mike Wilks) is also responsible for: 

a) Coordinating activities at the dam and staying in contact with the 
Town Administrator (King Fitch) 

b) Taking emergency measures at the dam to prevent failure, as directed 
by the Town Administrator (King Fitch) 

(In the absence of the Utilities Superintendent (Mike Wilks), the Lead Water 
Supervisor (Mike Deegan) is responsible for fulfilling the duties of the 
Utilities Superintendent. 

 

The 911 Dispatcher is responsible for activating the NOAA alert system. 

 

The responsibilities are also shown in Appendix C 
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FAILURE HAS OCCURRED 
 
If a failure has occurred, downstream evacuation of the floodplain must be started 
immediately in accordance with the following: 
 

 Notify persons downstream from the dam of the failure; 

 Coordinate efforts with other dam owners downstream to try and reduce 
flooding, if applicable. 

 
Notification Flowchart 

 
Observer of Emergency 

Situation 

Town of Friday Harbor 
Utilities Superintendent (Mike Wilks) 

(360) 378-2154 
or 

Lead Water Supervisor (Mike Deegan) 
 (360) 378-8353

San Juan County/Town of Friday Harbor 
Emergency Services 
911 or (360) 378-9932 
Activate Local Warning Plan 

 

See Next Page 

State Dam Safety Section 
Emergency Phone Number 
(360) 407-6208 
 

State Emergency Management  
Duty Officer 
(360) 438-8639 or 1-800-258-5990 

Other Personnel and Their 
Contacts 

 



SECTION II - NOTIFICATION FLOWCHART 
 

FAILURE HAS OCCURRED 
If a failure has occurred downstream evacuation of the floodplain must be 
started immediately in accordance with the following: 

1. The Utilities Superintendent (Mike Wilks) or in his absence the Lead 
Water Supervisor (Mike Deegan) will notify persons in the following 
properties immediately downstream from the dam of the failure; 

We have received information or other indications that Trout Lake 
Dam has failed.  Evacuate now using the information contained in 
your Individual Emergency Action Plan. 

Order of calls to be made.  Should a phone not answer after six 
rings, go to the next number one the list one except for the 911 call 
where you must wait for an answer.  An alternative number for 911 
is (360) 378-4151.  If there is no answer at 375 and 346 Julie Road, 
make several more attempts to contact them at after you have 
contacted the 911 Dispatcher.  After several unsuccessful attempts 
to contact 375 and 346 Julie Road proceed down the list.  
 

Street Address Owner/Residents Phone Description 

346 Julie Road DANIEL B SHELLEY & 
ELIZABETH BUCK 

(360) 378-
7908 
Jan 07 

Sheet 1: one house and outbuildings 
below Julie Road at approximately 0.61 
miles  
~6 minutes to arrival, 10 minutes to peak 

375 Julie Road BOYD & SAIFON 
CRUMPACKER 

(360) 
378-1931 
Cell (360) 
472-0201 
Cell (360) 
298-0943 

Feb 07 

Sheet 1: one house above Julie Road at 
approximately 0.61 miles is not inundated 
but the water comes uncomfortably close 
~5 minutes to arrival, 9 minutes to peak 

Not Applicable  

911
or 

(360) 
378-
4151 
Jan 07 

The 911 Dispatcher is responsible for 
putting in place the NOAA SAME alerts. 
Suggested language:  
This is the 911 Dispatcher.  I have 
received information that Trout 
Lake Dam has failed.  Evacuate 
now! 

530 Wold Rd TOWN OF FRIDAY 
HARBOR 

(360) 378-
2160 

 
Jan 07 

Sheet 2:  the Town of Friday Harbor’s 
Water Treatment Plant at approximately 
1.46 miles is not inundated but the water 
comes uncomfortably close 
~18 minutes to arrival, 38 minutes to peak 
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Street Address Owner/Residents Phone Description 

390 Prohaska Rd MICHAEL J LAZZARI 
& ROBERTA L BLAIR-
JT/RS 

(360) 378-
2514 

Sheet 1: one trailer at approximately 1.33 
miles   
~14 minutes to arrival, 36 minutes to peak 

378 Wold Rd JOHN L DWYER 
 
 

(360) 378-
5831 
Jan 07 

 

Sheet 2: one house at approximately 1.65 
miles is not inundated but the water 
comes uncomfortably close 
~20 minutes to arrival, 41 minutes to peak 

74 Wold Rd GREG HERTEL 
 
LIENNETTE HIGDON-
HERTEL 
DANIELLE FISHER 

(360) 378-
2818 
(360) 

317-4321 
(360) 378-

2818 
Jan 07 

Sheet 2: one house at approximately 1.80 
miles 
~22 minutes to arrival, 52 minutes to peak 

72 Wold Rd 
 
 

GARRETT C & 
LEISHA M HOLMES, 
or 
 

(360) 378-
8836 

W(360) 
378-5255 
W(360) 

378-2287 
Feb 07 

Sheet 2: one barn also at approximately 
1.80 miles 
~22 minutes to arrival, 52 minutes to peak 

112 Wold Rd BRADFORD T SMITH  Sheet 2: one barn also at approximately 
1.80 miles 
~22 minutes to arrival, 52 minutes to peak 

1069 Bailer Hill Rd SIDNEY E & SUSAN E 
CLARK 

(608) 239-
0125c 

(608) 239-
0234 

March O7 

Call is 
informational 

call.  It 
should be 
made after 
the other 

notifications.

Sheet 6: one shed at approximately 4.98 
miles 
~1 hr 31 min to arrival, 2 hr 20 min to 
peak 
 
Jan 07, owners indicated that residence was 
unoccupied.  March 07, owner provided survey 
data indicated that only a small area on the 
northwest corner of the property may be 
subject to water. 

3213 False Bay Dr AMANDA A DUFF  Sheet 6: one house at approximately 5.20 
miles 
~1 hr 36 min to arrival, 2 hr 23 min to 
peak 

2416 False Bay Dr LADDIA A 
WHITTIER,CUST  
FOR AMANDA 
DUFF & 
PAUL DUFF  

(360) 378-
5048 

Sheet 7: one barn at approximately 5.41 
miles 
This address corresponds to a house that 
is NOT in the inundated area, but the 
nearby barn is in the inundated area. 
~1 hr 45 min to arrival, 2 hr 27 min to 
peak 

2.  Contact San Juan County/Town of Friday Harbor Emergency 
Services at 911 or (360) 378-9932. 

3.  Contact Town of Friday Harbor Public Works Department at (360) 
378-2154 
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4. Contact the Washington State Department of Ecology, Dam Safety 
Office and begin any recommended procedures.  Call out numbers 
are shown below: 

• Dam Safety Office Emergency Phone Number (360) 407-6208 

• Doug Johnson, Dam Safety Supervisor (360) 407-6623 direct 
line 

• Doug Johnson, Dam Safety Supervisor (360) 971-6347 pager 

• Doug Johnson, Dam Safety Supervisor (360) 588-2797 home 

• Jerald LaVassar, DSO, Geotechnical Engineer (360) 407-6625 
direct line 

• Jerald LaVassar, DSO, Geotechnical Engineer (360) 456-1370 
home 

 5.  Contact the Washington State Emergency Management Duty Officer 
at (360) 438-8639 or 1 (800) 258-5990  

6. Take preventive actions described in Section V of this plan. 
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List of Properties Downstream First Affected by Flood Waters 
Street 

Address Owner Mailing Address Description 

346 Julie 
Road 

DANIEL B 
SHELLEY & 
ELIZABETH BUCK 

PO BOX 1161 
FRIDAY HARBOR, 
WA  98250-1161 

Sheet 1: one house above Julie Road at 
approximately 0.61 miles is not inundated 
but the water comes uncomfortably close 
~4 minutes to arrival, 9 minutes to peak 

375 Julie 
Road 

BOYD & SAIFON 
CRUMPACKER 

PO BOX 3034 
FRIDAY HARBOR, 
WA  98250 

Sheet 1: one house and outbuildings below 
Julie Road also at approximately 0.61 
miles  
~6 minutes to arrival, 10 minutes to peak 

390 
Prohaska 
Rd 

MICHAEL J 
LAZZARI & 
ROBERTA L 
BLAIR-JT/RS 

474 PROHASKA 
FRIDAY HARBOR, 
WA  98250 

Sheet 1: one trailer at approximately 1.33 
miles   
~15 minutes to arrival, 37 minutes to peak 

530 Wold 
Rd 

TOWN OF FRIDAY 
HARBOR 

PO BOX 219 FRIDAY 
HARBOR, WA  98250 

Sheet 2: one house at approximately 1.80 
miles 
~22 minutes to arrival, 52 minutes  to peak 

378 Wold 
Rd 

JOHN L DWYER PO BOX 2031 
FRIDAY HARBOR, 
WA  98250 

Sheet 2: one house at approximately 1.65 
miles is not inundated but the water comes 
uncomfortably close 
~20 minutes to arrival, 41 minutes to peak 

72 Wold 
Rd 

GARRETT C & 
LEISHA M 
HOLMES 

PO BOX 3214 
FRIDAY HARBOR, 
WA  98250 

Sheet 2: one house at approximately 1.80 
miles 
~22 minutes to arrival, 52 minutesto peak 

74 Wold 
Rd 
 

GARRETT C & 
LEISHA M 
HOLMES 

PO BOX 3214 
FRIDAY HARBOR, 
WA  98250 

Sheet 2: one house at approximately 1.80 
miles 
~22 minutes to arrival, 52 minutes to peak 

112 Wold 
Rd 

BRADFORD T 
SMITH 

PO BOX 596 
OCCIDENTAL, CA  
95465 

Sheet 2: one barn also at approximately 
1.80 miles 
~22 minutes to arrival, 52 minutes to peak 

1069 Bailer 
Hill Rd 

SIDNEY E & 
SUSAN E CLARK 

305 BLUE RIDGE 
PARKWAY 
MADISON, WI  53705 

Sheet 6: no structures, minor water on 
northeast corner of property at 
approximately 4.98 miles 
~1 hr 31 min to arrival, 2 hr 20 min to peak 

3213 False 
Bay Dr 

AMANDA A DUFF 1600 HUNTINGTON 
DR SO PASADENA, 
CA  91030 

Sheet 6: one house at approximately 5.20 
miles 
~1 hr 36 min to arrival, 2 hr 23 min to peak 

2416 False 
Bay Dr 

LADDIA A 
WHITTIER,CUST  
FOR AMANDA 
DUFF & 
PAUL DUFF 

PO BOX 9 
FRIDAY HARBOR, 
WA  98250 

Sheet 7: one barn at approximately 5.41 
miles 
This address corresponds to a house that 
is NOT in the inundated area, but the 
nearby barn is in the inundated area. 
~1 hr 45 min to arrival, 2 hr 27 min to peak 
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Provide courtesy notification of the following person who are not in the 
inundation path but have expressed interest in receiving notification. 

 

Address Owner/Residents  Phone  Description 

230 Julie Road Ed Bailey (360) 378-6686 
(360) 378-9554 
(360) 317-8650 cell 

Appears above Inundated Area 

455 Boyce Road Kate Wisnicwski (206) 297-1042  
(206) 999-1432 

Appears above inundated area;  
Used as a vacation rental 

531 Boyce Road Jim and Lisa Lawrence (360) 378-5575 
(360) 298-1812 cell 

Appears above Inundated Area 

236 Ellison Lane Roger Ellison (360) 370-5795; 
(360) 298-1033 cell 

Appears above Inundated Area 

236 Ellison Lane Anita Barreca (360) 370-5795 
(206) 604-4385c 

Appears above Inundated Area 

146 Nettle Creek Mike or Tamara Gregon (360) 378-7955 
(360) 378-5884 work 

Appears above Inundated Area 

1314 Douglas Road Peter J. Wangoe II (360) 378-7278 
(360) 378-8051 

Appears above Inundated Area 

1314 Douglas Road Leasa Birch (360) 378-7278 
(360) 298-0422 

Appears above Inundated Area 

862 Valley Farms Road Chuck Tomas (360) 378-3652 
(818) 378-0495 cell 

Appears above Inundated Area 

862 Valley Farms Road Evelyn Lee/Trahan (360) 378-8719 
(360) 317-4807 cell 

Appears above Inundated Area 

862 Valley Farms Road Laura Tomas (360) 378-8904 
(360) 317-6931 cell 

Appears above Inundated Area 

1069 Bailer Hill Road Sidney Clark (608) 239-0125 No one living at this address 

1069 Bailer Hill Road Susan Clark (608) 239-0234 No one living at this address 

2143 False Bay Road A Richard Weisbrod (360) 378-5460 Unused Residence 
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DEACTIVATION 
 
The Utilities Superintendent after consultation with the 
Town Administrator, the San Juan County and Town of 
Friday Harbor Emergency Manager, the Town of Friday 
Harbor’s Fire Chief, the San Juan County Fire District #3’s 
Chief and the DOE’s representative on site will notify the 
impacted parties that the dam has released its contents and 
that the flooding has peaked. 
 
The Utilities Superintendent will make the deactivation 
notification in the same order as on the notification flow 
chart.   
 
It is possible that deactivation will occur at different times 
in the inundated area depending on the distance from the 
dam, the slope of the ground and other factors. 
 
(In the absence of the Utilities Superintendent, the Lead 
Water Supervisor is responsible for fulfilling the duties of the 
Utilities Superintendent. 
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FAILURE IMMINENT 
 

If failure of the dam is imminent, but has not yet begun, the following steps should be 
initiated immediately: 

 Advise persons residing immediately downstream from the dam to 
evacuate due to the potential failure of the dam; 

 Implement the notification flow chart; 

 Contact State Dam Safety Office and begin any recommended 
procedures; 

 Take preventive actions described in Section V of this plan; 

Notification Flowchart 

 
 
 

 

Observer of Emergency 
Situation 

Town of Friday Harbor 
Utilities Superintendent  (Mike Wilks) 

(360) 378-2154 or 
Lead Water Supervisor  (Mike Deegan) 

(360) 378-8353 

See Next Page 

San Juan County/Town of Friday Harbor 
Emergency Services 
911 or (360) 378-9932 

State Dam Safety Section 
Emergency Phone Number 
(360) 407-6208 
Emergency Management 1-800-258-5990 

State Emergency Management  
Duty Officer 
(360) 438-8639 or 1-800-258-5990 

Other Personnel and Their 
Contacts 

 

 



FAILURE IS IMMINENT 
If a failure is imminent, but has not yet begun, the following steps should be 
taken immediately: 

1. The Utilities Superintendent (Mike Wilks) on in his absence the Lead 
Water Supervisor (Mike Deegan) will notify persons in the following 
properties immediately downstream from the dam to evacuate due 
to the potential of the failure of the dam; 

We have received information or other indications that Trout Lake 
Dam is about to fail.  Get ready to evacuate! 

Order of calls to be made.  Should a phone not answer after six 
rings, go to the next number on the list except for the 911 call 
where you must wait for an answer.  An alternative number for 911 
is (360) 378-4151.  If there is no answer at 375 and 346 Julie Road, 
make several more attempts to contact the residents at after you 
have contacted the 911 Dispatcher.  After several unsuccessful 
attempts to contact 375 and 346 Julie Road proceed down the list.  

List of properties that receive direct notification: 

 

Street Address Owner Phone Description 
346 Julie Road 

  
DANIEL B 
SHELLEY & 
ELIZABETH BUCK 

(360) 378-7908 
Jan 07 

Sheet 1: one house and outbuildings 
below Julie Road at approximately 
0.61 miles  
~6 minutes to arrival, 10 minutes to 
peak 

375 Julie Road BOYD & SAIFON 
CRUMPACKER 

(360) 
378-1931 
Cell (360) 
472-0201 
Cell (360) 
298-0943 

Feb 07 

Sheet 1: one house above Julie Road 
at approximately 0.61 miles is not 
inundated but the water comes 
uncomfortably close 
~5 minutes to arrival, 9 minutes to 
peak 

Town Water 
Treatment Plant 

 

911 
or 

(360) 378-
4151 
Jan 07 

The 911 Dispatcher is responsible for 
putting in place the NOAA SAME 
alerts. Suggested Language: 
This is the 911 dispatcher, I 
have received information that 
Trout Lake Dam is about to fail.  
Get ready to evacuate. 

530 Wold RD TOWN OF FRIDAY 
HARBOR 

(360) 378-2160 
Jan 07 

Sheet 2: one house at approximately 
1.80 miles 
~22 minutes to arrival, 52 minutes to 
peak 
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Street Address Owner Phone Description 
390 Prohaska Rd MICHAEL J 

LAZZARI & 
ROBERTA L 
BLAIR-JT/RS 

(360) 378-2514 Sheet 1: one trailer at approximately 
1.33 miles   
~14 minutes to arrival, 36 minutes to 
peak 

378 Wold Road JOHN DWYER (360) 378-5831 
Jan 07 

Sheet 2: one house at approximately 
1.65 miles is not inundated but the 
water comes uncomfortably close 
~20 minutes to arrival, 41 minutes to 
peak 

74 Wold Rd GREG HERTEL 
LIENNETTE 
HIGDON-HERTEL 
DANIELLE FISHER

(360) 378-2818 
(360) 

317-4321 
(360) 378-2818 

Jan 07 

Sheet 2: one house at approximately 
1.80 miles 
~22 minutes to arrival, 52 minutes to 
peak 

72 Wold Rd 
 

GARRETT C & 
LEISHA M 
HOLMES 
 

(360) 378-8836 
W(360) 378-5255 
W(360) 378-2287 

Feb 07 

Sheet 2: one barn also at 
approximately 1.80 miles 
~22 minutes to arrival, 52 minutes to 
peak 

112 Wold Rd BRADFORD T 
SMITH 

 Sheet 2: one barn also at 
approximately 1.80 miles 
~22 minutes to arrival, 52 minutesto 
peak 

1069 Bailer Hill 
Rd 

SIDNEY E & 
SUSAN E CLARK 

(608) 239-0125c 
(608) 239-0234 

Jan O7 

Call is informational 
and can be made 

after other 
notifications. 

Sheet 6: one shed at approximately 
4.98 miles 
~1 hr 31 min to arrival, 2 hr 20 min to 
peak 
Jan 07, owners indicated that residence 
was unoccupied.  March 07, owner provided 
survey data indicated that only a small area 
on the northwest corner of the property may 
be subject to water. 

3213 False Bay 
Dr 

AMANDA A DUFF  Sheet 6: one house at approximately 
5.20 miles 
~1 hr 36 min to arrival, 2 hr 23 min to 
peak 

2416 False Bay 
Dr 

LADDIA A 
WHITTIER,CUST  
FOR AMANDA 
DUFF & 
PAUL DUFF 

(360) 378-5048 Sheet 7: one barn at approximately 
5.41 miles 
This address corresponds to a house 
that is NOT in the inundated area, but 
the nearby barn is in the inundated 
area. 
~1 hr 45 min to arrival, 2 hr 27 min to 
peak 

2.  Contact San Juan County/Town of Friday Harbor Emergency 
Services at 911 or (360) 378-9932. 

3.  Contact Town of Friday Harbor Public Works Department (360) 378-
2154 
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4. Contact the Washington State Department of Ecology, Dam Safety 
Office and begin any recommended procedures.  Call out numbers 
are shown below: 

• Dam Safety Office Emergency Phone Number (360) 407-6208 

• Doug Johnson, Dam Safety Supervisor (360) 407-6623 direct 
line 

• Doug Johnson, Dam Safety Supervisor (360) 971-6347 pager 

• Doug Johnson, Dam Safety Supervisor (360) 588-2797 home 

• Jerald LaVassar, DSO, Geotechnical Engineer (360) 407-6625 
direct line 

• Jerald LaVassar, DSO, Geotechnical Engineer (360) 456-1370 
home 

 5.  Contact the Washington State Emergency Management Duty Officer 
at (360) 438-8639 or 1 (800) 258-5990  

6. Take preventive actions described on Section V of this plan. 
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List of Properties Downstream First Affected by Flood Waters 

Street Address Owner Mailing Address Description 
346 Julie Road DANIEL B 

SHELLEY & 
ELIZABETH 
BUCK 

PO BOX 1161 
FRIDAY HARBOR, 
WA  98250-1161 

Sheet 1: one house above Julie Road at 
approximately 0.61 miles is not inundated 
but the water comes uncomfortably close 
~4 minutes to arrival, 9 minutes to peak 

375 Julie Road BOYD & SAIFON 
CRUMPACKER 

PO BOX 3034 
FRIDAY HARBOR, 
WA  98250 

Sheet 1: one house and outbuildings 
below Julie Road also at approximately 
0.61 miles  
~6 minutes to arrival, 10 minutes to peak 

390 Prohaska 
Rd 

MICHAEL J 
LAZZARI & 
ROBERTA L 
BLAIR-JT/RS 

474 PROHASKA 
FRIDAY HARBOR, 
WA  98250 

Sheet 1: one trailer at approximately 1.33 
miles   
~15 minutes to arrival, 37 minutes to peak 

530 Wold Rd TOWN OF 
FRIDAY 
HARBOR 

PO BOX 219 
FRIDAY HARBOR, 
WA  98250 

Sheet 2: the Town of Friday Harbor’s 
Water Treatment Plant at approximately 
1.46 miles is not inundated but the water 
comes uncomfortably close 
~18 minutes to arrival, 38 minutes to peak 

378 Wold Rd JOHN L DWYER PO BOX 2031 
FRIDAY HARBOR, 
WA  98250 

Sheet 2: one house at approximately 1.65 
miles is not inundated but the water comes 
uncomfortably close 
~20 minutes to arrival, 41 minutes to peak 

74 Wold Rd GARRETT C & 
LEISHA M 
HOLMES 

PO BOX 3214 
FRIDAY HARBOR, 
WA  98250 

Sheet 2: one house at approximately 1.80 
miles 
~22 minutes to arrival, 52 minutes to peak 

72 Wold Rd 
 

GARRETT C & 
LEISHA M 
HOLMES 
 

PO BOX 3214 
FRIDAY HARBOR, 
WA  98250 
 

Sheet 2: one barn also at approximately 
1.80 miles 
~22 minutes to arrival, 52 minutes to peak 

112 Wold Rd BRADFORD T 
SMITH 

PO BOX 596 
OCCIDENTAL, CA  
95465 

Sheet 2: one barn also at approximately 
1.80 miles 
~22 minutes to arrival, 52 minutes to peak 

1069 Bailer Hill 
Rd 

SIDNEY E & 
SUSAN E CLARK 

305 BLUE RIDGE 
PARKWAY 
MADISON, WI  
53705 

Sheet 6: no structures, minor water on 
northeast corner of property at 
approximately 4.98 miles 
~1 hr 31 min to arrival, 2 hr 20 min to peak 

3213 False Bay 
Dr 

AMANDA A DUFF 1600 HUNTINGTON 
DR SO PASADENA, 
CA  91030 

Sheet 6: one house at approximately 5.20 
miles 
~1 hr 36 min to arrival, 2 hr 23 min to peak 

2416 False Bay 
Dr 

LADDIA A 
WHITTIER,CUS
T  FOR 
AMANDA DUFF 
& 
PAUL DUFF 

PO BOX 9 
FRIDAY 
HARBOR, 
WA  98250 

Sheet 7: one barn at approximately 5.41 
miles 
This address corresponds to a house that 
is NOT in the inundated area, but the 
nearby barn is in the inundated area. 
~1 hr 45 min to arrival, 2 hr 27 min to peak 
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Provide courtesy notification of the following person who are not in the 
inundation path but have expressed interest in receiving notification. 

Address Owner/Residents  Phone  Description 

230 Julie Road Ed Bailey (360) 378-6686 
(360) 378-9554 
(360) 317-8650 cell 

Appears above Inundated Area 

455 Boyce Road Kate Wisnicwski (206) 297-1042  
(206) 999-1432 

Appears above inundated area;  
Used as a vacation rental 

531 Boyce Road Jim and Lisa Lawrence (360) 378-5575 
(360) 298-1812 cell 

Appears above Inundated Area 

236 Ellison Lane Roger Ellison (360) 370-5795; 
(360) 298-1033 cell 

Appears above Inundated Area 

236 Ellison Lane Anita Barreca (360) 370-5795 
(206) 604-4385 cell 

Appears above Inundated Area 

146 Nettle Creek Mike or Tamara Gregon (360) 378-7955 
(360) 378-5884 work 

Appears above Inundated Area 

1314 Douglas Road Peter J. Wangoe II (360) 378-7278 
(360) 378-8051 

Appears above Inundated Area 

1314 Douglas Road Leasa Birch (360) 378-7278 
(360) 298-0422 

Appears above Inundated Area 

739 Telegraph Lane Mary and Cal Ryan (360) 378-2524 Appears above Inundated Area 

862 Valley Farms Road Chuck Tomas (360) 378-3652 
(818) 378-0495 cell 

Appears above Inundated Area 

862 Valley Farms Road Evelyn Lee/Trahan (360) 378-8719 
(360) 317-4807 cell 

Appears above Inundated Area 

862 Valley Farms Road Laura Tomas (360) 378-8904 
(360) 317-6931 cell 

Appears above Inundated Area 

1069 Bailer Hill Road Sidney Clark (608) 239-0125 No one living at this address 

1069 Bailer Hill Road Susan Clark (608) 239-0234 No one living at this address 

2143 False Bay Road A Richard Weisbrod (360) 378-5460 Unused Residence 

II-5 



DEACTIVATION 
 
The Utilities Superintendent after consultation with the 
Town Administrator, the San Juan County and Town of 
Friday Harbor Emergency Manager, the Town of Friday 
Harbor’s Fire Chief, the San Juan County Fire District #3’s 
Chief and the DOE’s representative on site will notify the 
impacted parties that the situation has stabilized. 
 
The Utilities Superintendent will make the deactivation 
notification in the same order as on the notification flow 
chart.   
 
It is possible that deactivation will occur at different times 
in the inundated area depending on the distance from the 
dam, the slope of the ground and other factors. 
 
(In the absence of the Utilities Superintendent, the Lead 
Water Supervisor is responsible for fulfilling the duties of the 
Utilities Superintendent. 
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SLOWLY DEVELOPING FAILURE OR UNUSUAL SITUATION 

If there is a slowly developing failure or unusual situation where failure is not 
imminent, but could occur if no action is taken, dam tending personnel 
should: 

Notify the Utilities Superintendent, Town of Friday Harbor (Mike Wilks) 
at (360) 378-2154.   In the absence of the Utilities Superintendent, the 
Lead Water Supervisor (Mike Deegan) at (360) 378-8353 is responsible 
for fulfilling the duties of the Utilities Superintendent.  

Notify San Juan County/Town of Friday Harbor Emergency Services 
(360) 378-9932 of the potential problem and keep them advised of the 
situation.   

Suggested Language: We have received information or other 
indications that Trout Lake Dam maybe experiencing problems or that 
a hazardous situation is developing.  We need your assistance to 
initiate evaluation and possible notification procedures.   

 

Contact the Washington State Department of Ecology, Dam Safety 
Office and begin any recommended procedures.  Call out numbers are 
shown below: 

• Dam Safety Office Emergency Phone Number (360) 407-6208 

• Doug Johnson, Dam Safety Supervisor (360) 407-6623 direct line 

• Doug Johnson, Dam Safety Supervisor (360) 971-6347 pager 

• Doug Johnson, Dam Safety Supervisor (360) 588-2797 home 

• Jerald LaVassar, DSO, Geotechnical Engineer (360) 407-6625 direct 
line 

• Jerald LaVassar, DSO, Geotechnical Engineer (360) 456-1370 home 

During these contacts, find out if there are any immediate actions that 
can be taken to reduce the risk of failure. 

If necessary, implement preventative actions described in Section V, 
pages 1 and 2 of this plan. 

If situation deteriorates, be prepared to implement NOTIFICATION 
FLOWCHART EAP-1 OR EAP-2 AS APPROPRIATE. 
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DEACTIVATION 
 
The Utilities Superintendent (Mike Wilks), after consultation, 
will notify the impacted parties that the conditions have 
stabilized and that they can return to their normal activities. 
 
The Utilities Superintendent will make the deactivation 
notification in the same order as the notification.   
 
(In the absence of the Utilities Superintendent, the Lead 
Water Supervisor (Mike Deegan) at (360) 378-8353 is 
responsible for fulfilling the duties of the Utilities 
Superintendent.) 
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SECTION IV — POSSIBLE EMERGENCY CONDITIONS 
 

Listed below are some, not necessarily all, of the events which can lead directly to 
the failure of the dam.  Included after each condition is a brief outline of the steps to 
take in trying to stabilize the situation. 

EARTHQUAKE  

Very little warning time is available.  Although the Finite Element Analysis of the 
dam conducted in 1993 showed the dam to be stable in an earthquake, should the 
dam fail in an earthquake, the failure is likely to occur quickly.  If the Dam is 
breeched, the time it takes the water to get adjacent to the first residence is on the 
order of 5 minutes.  The time for water to get to False Bay is 1 hour and 45 minutes. 

If an earthquake of Richter Magnitude 5.0 or greater has been reported in the 
vicinity, or the responsible individual(s) has felt ground motions and experienced 
damage a large earthquake characterized by the following: 

“Felt by all.  Persons walk unsteadily.  Windows, dishes, glassware are 
broken.  Knickknacks, books etc. are knocked off shelves.  Furniture 
moves or is overturned.  Weak plaster and masonry crack.  Trees 
bushes shaken visibly, or heard to rustle.” 

1) Immediately, the Utility Superintendent (Mike Wilks) will conduct a general 
overall visual inspection of the dam.  In the absence of the Utility 
Superintendent, the Lead Water Supervisor (Mike Deegan) will fulfill his duties. 

2) If the dam is failing, or is damaged to the extent that there is increased flow 
passing downstream, immediately implement NOTIFICATION FLOWCHART 
procedures based on the nature of the observations. 

3) If the dam is stable, check the dam crest for cracks or damage and the dam 
for additional cracking or increased flow from the cracks.  If any of these have 
occurred, start to lower the reservoir pool level as a precautionary measure 
while an engineering evaluation of the structure is undertaken.  Contact the 
DOE’s Dam Safety Office (360) 407-6208 or their personnel (see activation flow 
charts for numbers) for further instructions.  Also contact the San Juan 
County/Town of Friday Harbor’s Emergency Management Office at (360) 378-
9932.  If the outlet works are damaged, it may be necessary to install siphon 
pipes or pumps to lower the pool level.  The pool should remain drawn down 
until the dam can be examined by the Department of Ecology, Dam Safety 
Office or other qualified professional engineers. 

4) Otherwise, if damage has occurred, but is not judged serious enough to cause 
failure of the dam, quickly observe the nature, location, and extent of the 
damage, and evaluate the potential for failure.  Then contact the Department 
of Ecology, Dam Safety Office at (360) 407-6208.  Also contact the San Juan 
County/Town of Friday Harbor’s Emergency Management Office at (360) 378-
9932.  Provide a description of slides, sloughs, new or increased seepage, and 

IV-1 



IV-2 

sudden subsidence, including the location, extent, rate of subsidence, effects 
on adjoining structures, springs or seeps, reservoir elevation, prevailing 
weather conditions, and other pertinent facts to DOE and San Juan 
County/Town of Friday Harbor’s Emergency Management Office. 

5) If there appears to be no imminent danger of dam failure the dam owner 
should thoroughly inspect the following: 

a) Both faces of the dam for additional cracks or increased leakage from 
existing cracks; 

b) Abutments for possible displacement; 

c) Spillway to confirm that continued safe operation is possible; 

d) Outlet works and valves for structural integrity; 

e) Seeps and cracks for increased flow, turbidity, or muddy water; 

f) Reservoir and downstream areas for landslides; 

Report all findings to the Department of Ecology, Dam Safety Office and all other 
agencies that had been contacted earlier during the emergency.  Also make sure to 
keep close watch on the dam for the next two to four weeks as some damage may 
not show up immediately after the quake. 

FLOODING 

Overtopping of the dam can usually be predicted.  Warning is likely to be on the order 
of several hours.  If the Dam is breeched, the time it takes the water to get adjacent 
to the first residence is on the order of 5 minutes.  The time for water to get to False 
Bay is 1 hour and 45 minutes. 

Routing of the Inflow Design Flood indicates that the spillway may not be able to 

handle the expected runoff without the dam overtopping.  The action levels 
are summarized on the table immediately following this 
page.  
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ANYTIME THE LEVEL OF WATER IN THE RESERVOIR IS WITHIN 4-INCHES OF THE 

CREST OR ELEVATION (280.67) OR WITHIN THE LEVELS SHOWN ON THE CHART ON 
THE PREVIOUS PAGE 

CONTINUOUS OBSERVATION OF THE DAM IS REQUIRED 

If the reservoir level is within or less than 3 inches from the crest of the dam 
(elevation 280.75), immediately implement the following procedures: 

a) Contact San Juan County/Town of Friday Harbor Emergency 
Management/Services (360) 378-9932 and the Department of Ecology, Dam 
Safety Office (360) 407-6623 or (360) 407-6208 and inform them of the 
situation. 

b) Gradually increase discharge through outlet works, if possible.  The 
Utilities Superintendent (Mike Wilks) is responsible for operating the outlet 
to increase the downstream flow.  In the absence of the Utilities 
Superintendent, the Lead Water Supervisor (Mike Deegan) will assume his 
duties. 

c) Notify downstream residents of the increases in discharge, and increase 
the discharge. 

d) Check the dam and downstream toe and abutments for any increase in 
flow, increase in new seepage or abnormal toe drain leakage.  If there is 
any indication of muddy or silty flow, and/or the flow is substantially 
increasing implement the SLOWLY DEVELOPING FAILURE OR UNUSUAL 
SITUATION PROCEDURES. 

e) Check for increased/decreased seepage due to a change in water level. 

f) Check for cracks, slumping, sloughing, sliding, or other signs of distress 
near the dam abutment or crest. 

EROSION, SLUMPING/SLOUGHING, OR CRACKING OF THE DAM OR 
ABUTMENT 

Erosion, slumping/sloughing or cracking of the dam or abutment usually takes place 
over a long period…several months or more.  Routine observation will spot a problem 
early while it can be mitigated.  However, in unusual circumstances, cracking of the 
dam or settlement of the foundation can take place fairly rapidly.  If the Dam is 
breeched, the time it takes the water to get adjacent to the first residence is on the 
order of 5 minutes.  The time for water to get to False Bay is 1 hour and 45 minutes. 

Determine the location and size of the affected area(s) (height, width, and depth) 
severity, estimated seepage discharge, clear or cloudy seepage, and the reservoir 
and tailwater elevations.  If failure appears likely, immediately implement FAILURE 
IMMINENT PROCEDURES; if failure does not appear likely, contact Department of 
Ecology, Dam Safety Office for instructions. 
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NEW CRACKS OR INCREASE IN FLOW FROM EXISTING CRACKS 

New cracks or increase in flow from existing cracks is generally a long term 
change…several months or more.  Routine observation and measurement of flow will 
usually result in the detection of a problem while it can be mitigated.  However, in 
unusual circumstances, these changes can place fairly rapidly.  If the Dam is 
breeched, the time it takes the water to get adjacent to the first residence is on the 
order of 5 minutes.  The time for water to get to False Bay is 1 hour and 45 minutes. 

If there are new cracks or an appreciable increase in flow from the old cracks, an 
increase in seepage under or around the abutments of the dam, then location, size of 
the affected area, estimated discharge, nature of the discharge (clear or cloudy), and 
reservoir elevation (a map of the area may be helpful to illustrate where the problem 
is located) must be determined.  If failure appears likely, implement FAILURE 
IMMINENT PROCEDURES; if failure does not appear imminent, report all findings to 
the DOE’s Dam Safety Office and wait for further instructions. 

LANDSLIDES IN TO THE RESERVOIR OR ADJACENT TO THE DAM 

If the Dam is breeched, the time it takes the water to get adjacent to the first 
residence is on the order of 5 minutes.  The time for water to get to False Bay is 1 
hour and 45 minutes. 

Very large rapid landslides into a reservoir have been known to put additional stress 
on the dam from the result surge of water displaced by the landslide.  Visual 
inspection of the nature of the material up slope and up stream of Trout Lake Dam, 
makes this seem unlikely.  However, a localized landslide or instability in the 
immediate vicinity of the dam is possible.  If that happens, an assessment of the 
impact of the earth movement on the stability of the dam or the outlet piping should 
be made. 

SPILLWAY AND OUTLET WORKS FAILURES 

Once the O and M plan is implemented, the condition of the outlet works will be 
monitored thus decreasing the possibility of an unexpected sudden release of water.  
Small leaks can be corrected easily.  Larger leaks require more effort.  A sudden pipe 
break must be addressed immediately in order to reduce any undermining of the 
foundation.  If the Dam is breeched, the time it takes the water to get adjacent to the 
first residence is on the order of 5 minutes.  The time for water to get to False Bay is 
1 hour and 45 minutes. 

In case of sudden, planned or unplanned, large water releases from the outlet works 
or spillway (e.g. opening valves, pipe or stoplogs breaking), notify downstream 
residents and the appropriate agencies of the increased flow. 
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ABNORMAL WEIR OR OTHER INSTRUMENT READINGS 

Once the O and M plan is implemented, the periodic readings of the weirs will allow 
the Town of Friday Harbor to track changes and thus to get early notification of any 
changes in the condition of the dam.  Changes in weir reading will normally take 
place over a long period of time.   Any sudden changes in weir readings must be 
quickly investigated. 

After taking weir or other readings, compare the current readings to previous 
readings at the same reservoir level.  If the reading appears abnormal, Mike Wilks-
Utilities Superintendent is responsible for: 

1) Determining: 

a) Changes from the normal readings; 

b) Other pertinent facts such as leakage through the cracks, additional 
flow from the abutments. 

2) Contacting an engineer and the Department of Ecology, Dam Safety Office 
for their assistance in determining if the change is significant or not. 

OTHER PROBLEMS 

In case of other problems occurring that might pose a threat to the dam safety, 
contact the Department of Ecology, Dam Safety Office and explain the situation. 

END OF EMERGENCY SITUATION AND FOLLOW-UP ACTIONS 

Once conditions indicate that there is no longer an emergency at the dam site and 
the proper authorities (e.g. Department of Ecology - Dam Safety Office, or a 
professional engineer) have declared the dam safe, the Utilities Superintendent 
(Mike Wilks) at (360) 378-2154, will notify the impacted parties that the conditions 
are normal and that they can return to their normal activities. 
 
Utilities Superintendent will make the deactivation notification in the same order as 
the notification.   
 
(In the absence of the Utilities Superintendent, the Lead Water Supervisor (Mike 
Deegan) at (360) 378-8353 is responsible for fulfilling Mike Wilks duties.) 
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SECTION V — PREVENTATIVE ACTIONS 
 

The following actions describe some of the steps that could be taken at the dam to 
prevent or delay failure after an adverse condition or emergency is first discovered.   

 

ACTIONS TO BE TAKEN IN THE EVENT OF: 

 
Reduction in Freeboard: 

• Make sure that the AUG1 and AUG2 pumps are turned off. 

• Increase flow in the pipeline to the water treatment to its 
maximum…including wasting water.   

• Open the drain valve (if this can be done safely). 

• Remove the stoplog if it is in place and removal can be done safely.  It may be 
necessary to cut the stoplog or use a hoist to remove it.  Personnel safety is 
paramount. 

 
Overtopping by Flood Waters 

• Utilize the steps above if they can be done safely. 

• Immediately protect any areas at the end of the spillway or abutments that 
may be eroding. 

• Report overtopping and any mitigation actions to the DOE’s Dam Safety Office. 

• If necessary, active the appropriate portion of this plan. 

 
Increased leakage of existing cracks, new cracks, additional leakage 
from the Abutments 

• Determine if the water from the abutments is cloudy or turbid…indicating that 
erosion is taking place.   

• Determine if the flow is increasing. 

• Immediately report the situation to DOE’s Dam Safety Office 

• If necessary, active the appropriate portion of this plan. 

 
Undercutting of Soil off the End of the Spillway 

• If it can be done safely, place sandbags or additional material at the toe of the 
spillway to prevent additional undercutting. 

V-1 



Bank Sloughing 
• If it can be done safely, remove material if it poses a threat such as 

obstructing or partially obstructing the spillway. 

• Determine if additional material is likely to slough and attempt to stabilize if it 
can be done safely. 

 
Failure of Outlet Pipe 

• Determine if the failure is downstream of the two sets of valves located at the 
toe of the dam and the second set about 75 feet further downstream.   

• If the failure is upstream of the values, determine if the pipe can be plugged 
on the downstream side of the dam using normal water main repair 
techniques. 

• If the failure is upstream of the valves, it may be necessary to obtain the 
services of a diver to block the outlet on the upstream side of the dam.  This 
should be done rapidly as erosion of soil from the toe of the dam should be 
stopped quickly to prevent weakening the foundation of the dam.  Such work 
is considered hazardous and must be only be attempted by professional 
divers.
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SECTION VI — SUPPLIES & RESOURCES 
 

An up to date listing of available that can be used is available on San Juan 
County Emergency Management’s website at www.sanjuandem.net/resources . 

 

A section of 36-inch corrugated metal pipe to help rebuild Prohaska Road is 
available in the Town of Friday Harbor’s shops. 
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APPENDIX A 

 
UPDATING THE EAP 

 
 
 
 

 





UPDATING THE EAP 
 
Updating information for the EAP is required annually and/or when major 
changes have occurred or when new houses have been built in the inundated 
areas.  As a minimum, the following information needs to be checked and 
revisions made on an annual basis. 
 

• Phone Numbers 

• New Homes 

• Supplies and the locations 

• Personnel Change or Changes in Responsibilities 

• Locations of copies of the EAPs 

• Changes made to the dam or operational changes in the water supply 
system that could impact the dam. 

 
Update Dates 
 
 
 

 





APPENDIX B 
 

LOCATIONS OF THE EAPs, EAP FLOW CHARTS, and 
INUNDATION MAPS 

 
 
 
 

 





LOCATIONS OF THE EAPS, EAP FLOW CHARTS, and 
INUNDATION MAPS 

 
The copies of complete EAPs, EAP Flow Charts and Inundation Maps are 
located at: 
 

• Town of Friday Harbor Town Hall 

• Town of Friday Harbor Water Treatment Plant 

• Town of Friday Harbor Maintenance Shops  

• Town of Friday Harbor Fire Department 

• San Juan County/Town of Friday Harbor Emergency Management Office 

• San Juan Fire District #3 

• San Juan County 911 Dispatcher 

• San Juan County Maintenance Shops 

• Department of Ecology, Dam Safety Office 

 
Copies of the Inundation Maps are located at the locations shown above.   
 
Copies of individual EAP are located in the homes and other structures in the 
inundated area. 
 
Individual EAPs have be prepared for: 
 

• 346 Julie Road 
• 375 Julie Road 
• 530 Wold Road 
• 390 Prohaska Road 
• 378 Wold Road 
• 74 Wold Road 
• 72 Wold Road 
• 112 Wold Road 
• 2416 False Bay Road 

 
 

 





APPENDIX C 
 

RESPONSIBILITIES OF INDIVIDUALS 
 
 
 
 

 





RESPONSIBILITIES OF INDIVIDUALS 
 

Day to day operation and maintenance of the dam:  Utilities Superintendent, 
Town of Friday Harbor (Mike Wilks) at (360) 378-2154.  In the absence of the 
Utilities Superintendent, the Lead Water Supervisor, Town of Friday Harbor 
(Mike Deegan) at (360) 378-8353 is responsible for fulfilling the Utilities 
Superintendent’s duties. 
 
Implementation of the Emergency Action Plan:  Utilities Superintendent, 
Town of Friday Harbor (Mike Wilks) or the Town Administrator, Town of 
Friday Harbor (King Fitch).  In the absence of the Utilities Superintendent 
(Mike Wilks), the Lead Water Supervisor (Mike Deegan) is responsible for 
fulfilling the duties of the Utilities Superintendent. 

 
Determining and identifying conditions or events that require emergency 
action:  Mike Wilks, Utilities Superintendent, Town of Friday Harbor.  In the 
absence of Mike Wilks-Utilities Superintendent, Mike Deegan-Lead Water 
Supervisor (360) 378-8353 is responsible for fulfilling the Wilks’ duties of the 
Utilities Superintendent. 

 
Mike Wilks-Utilities Superintendent (360) 378-2154 as representative of the 
dam owner is also responsible for immediately activating the EAP by: 

f) Notifying Residents in downstream homes of the Emergency 

g) Contacting San Juan County/Town of Friday Harbor Emergency 
Management  

h) Contacting the San Juan County Sheriff 

i) Contacting the DOE Dam Safety Section 

j) Obtaining Emergency Supplies and Equipment 

(In the absence the Utilities Superintendent (Mike Wilks), the Lead Water 
Supervisor (Mike Deegan) is responsible for fulfilling the duties of the 
Utilities Superintendent. 

 

C. The Town Administrator (King Fitch) at (360) 378-2390 is responsible for 
Notifying the Press and News Media. 

 
The Utilities Superintendent (Mike Wilks) is also responsible for: 

 



c) Coordinating activities at the dam and staying in contact with the 
Town Administrator (King Fitch) 

d) Taking emergency measures at the dam to prevent failure, as directed 
by the Town Administrator (King Fitch) 

(In the absence of the Utilities Superintendent (Mike Wilks), the Lead Water 
Supervisor (Mike Deegan) is responsible for fulfilling the duties of the 
Utilities Superintendent. 

 

The 911 Dispatcher is responsible for activating the NOAA alert system. 
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APPENDIX D 
 

ACCEPTANCE OF THE EAP 
 
 
 
 

 





ACCEPTANCE OF THE EAP 
 

The following agencies have accepted the EAP and concur with the proposed 
notification procedures: 
 

• Town of Friday Harbor, Dam Owner 
 
• Town of Friday Harbor, Dam Operator 
 
• San Juan County/Town of Friday Harbor, Emergency Services 
 
• Washington State, Department of Ecology, Dam Safety Section 
 
• San Juan County Fire District #3  

 

 





APPENDIX E 
 

COMMUNICATION SYSTEMS 
 
 
 
 

 





COMMUNICATION SYSTEMS 
 

Cell phones are not reliable at the dam site. 
 
Town of Friday Harbor Truck Radios (but not necessarily the handhelds) can 
communicate with the San Juan County Sheriff’s Office and the Town of Friday 
Harbor Fire Department from the vicinity of the dam. 
 
Pagers 
 
Location of Radios 

• Trucks 
• Water Treatment Plant 
• Town Shops 
• Town Hall 

 

 





APPENDIX F 
 

REFERENCES AND CORRESPONDENCE 
 
 
 
 

 



REFERENCES and CORRESPONDENCE 
 
References: 
 
Guidance for performing a Failure Mode Analysis for FERC Part 12 Dam Safety 
Inspections, Feb, 2003, FERC 
 
Dam Safety Evaluations of Existing Dams, 1992, US Bureau of Reclamation 
 
Managing the Risks of Dam Project Development, Safety and Operation, Aug 1998, 
18th Annual USCOLD Lecture Series, USCOLD 
 
Quantifying the Cost of Upgrading Non-Federally Owned Dams, Oct 1994, Association 
of State Dam Safety Officials and FEMA 
 
FERC Dam Safety, Independent Consultant Inspection Workshop, March 2001, 
Portland, OR FERC 
 
Guidelines for Achieving Public Protection in Dam Safety Decision Making, April 
1997, US Bureau of Reclamation 
 
Guidelines for the Preparation of Standing Operating Procedures for Dams and 
Reservoirs, 1993, US Bureau of Reclamation 
 
Guidelines for Reporting the Performance of Dams, October 1993, Association of 
State Dam Safety Officials and Stanford University 
 
Guidelines for Developing Dam Emergency Action Plans, Feb 1995, Washington State 
Department of Ecology 
 
Dams Risks to Third Parties, 1982, International Commission on Large Dams 
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Trout Lake Dam Correspondence 
 
Topic: Trout Lake Dam 
From: DOE Sep 20, 1985 
Subject: Results of inspection of dam on 8/1/85 
 

This report is the first inspection of the dam in the Town’s files.  There are two 
outlets, one outlet provides water to town; the other is an outlet or drain for 
the reservoir.  The spillway had an earthen embankment across it.  There 
were two CMP’s though the spillway embankment.  It appeared that the 
embankment on the spillway had been overtopped.  The downstream toe was 
obscured by trees and brush.  Suggestions… 
• Earth on spillway should be removed 
• Hydrology should be investigated 
• Vegetation should be removed from base of the dam so that the 

downstream toe can be observed. 
• The Town should institute a regular maintenance program. 

 
Topic: Trout Lake Inspection Report   
From: DOE Feb 3, 1988 
Subject: Results of the inspection of dam on 1/20/88 
 

The report noted the repairs that were made in 1986.  This inspection was at 
the request of Mr. Fitch.  The earthen berm on spillway had been removed.  A 
new concrete channel was added at the end of the spillway.  There is minor 
seepage at toe of east abutment.  There is an indication that seepage 
increases with increasing water level.  There is some indication that seepage 
also happens on the west abutment when the reservoir is at a high level.  
Seepage is indicated by the amount of brush growing.  Two vertical joints in 
the rock on west abutment were noted.  Suggestions: 
 

• Monitor the Seepage---Install three weirs; two at the toe from east and 
west sides and one to monitor the total.  Record observation is a log 
book. 

• Periodically observe the cracks…monthly and record  

• Periodically measure the displacement of the dam 

• Observe abutment and foundation conditions.  (Note any increase in 
width of joint to west abutment, signs of movement in rock forming the 
abutments, new seepage locations in abutments, sudden increase in 
the quantity of seepage.) 

• Annual activities….a person should be made responsible for clearing 
trees and brush, cleaning of trashracks, lubrication of gate mechanisms 
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and records of all monitoring activity, maintenance actions, and any 
other activity at the dam. 

• Develop EAP….an EAP needs to be developed for earthquakes and 
floods. 

 
Topic: Trout Lake Dam 
From: DOE Feb 3, 1988 
Subject: Summary of results of inspection of dam on 1/20/88 
 

Cover letter for report above but adds several long term issues…the need for 
an EAP and O&M manual.  DOE requests that they be provided copies of 
monitoring data on a yearly basis for review…reservoir levels, seepage 
quantities, measured displacements of the dam, air temperatures at the time 
of measurements.  They requested “as builts” of the spillway extension and 
drawings of the proposed bridge across the spillway.   

 
Topic: Reconnaissance Inspection of Trout Lake Dam 
From: DOE Aug 16, 1991 
Subject: Results of inspection of dam on 8/2/1991 
 

The reconnaissance was performed as a result of an increase in the seepage 
of the dam.  Leakage was from the lower portion of the dam….lower most lift 
line leaks at about 4 gpm.  Two more leaks were found 10 and 25 feet to the 
left of the above seep.  These two leaks were probably 20 to 30 gpm. 

 
Topic: Invoice for Commercial Diving  
From: Emerald Seas International Dec 8, 1992 
Subject: Inspection invoice for divers to obtain access to the valve and pipe in the 
dam.  (No report was found.) 
 
Topic: Trout Lake Dam 
From: DOE Jan 13, 1993 
Subject: Preliminary findings about stability of the dam 
 

Results of inspection of the dam in April 1992.   
• Dam is stable under normal loads.   

• Vertical cracks are the result of shrinkage and not a sign of structural 
instability.   

• Deterioration is taking place along the cold joints in the dam.  Repairs 
are needed. 

• Spillway does not have capacity to handle the inflow design flood.  But 
the foundation is erosion resistant and the overtopping (by 1 foot) is not 
considered a problem. 
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Topic: Periodic Dam Safety Inspection Report 
From: DOE March 1993 
Subject: Inspection Report on 4/9/92 Inspection of the dam 
 

Formal 18 page report.  Results of inspection of 4/9/1992.  “Fairly well 
maintained and operated facility”   Static and Seismic stability is adequate.  
Issues: 

• Seepage and repair of concrete.  Vertical joints need to be repaired. 

• Spillway is inadequate 

• Outlet sluice ways and valves are inoperative. 

• Need formal procedure for Operations and Maintenance 

• EAP is needed 

• DOE would like any available information about the design of the dam. 

• At the design flood, the spillway is over topped by about a foot 

• Needs written O&M plan 

o Visual inspection of the dam weekly 
o Weirs are to be recorded  

• Required actions 

o Repair concrete, seal lift lines, place a 3 to 4 inch concrete 
cover to protect the damaged areas 

o Seal vertical cracks 
o Repair outlet works 
o O&M manual  

 Define who does the work 
 Project Data Sheet 
 Rule Curve 
 Description of each device that regulates flow in to and 

out of the dam 
 List items that need periodic monitoring…which items, 

how often, procedures for monitoring, measuring and 
record keeping. 

 List of items requiring period maintenance and 
procedures for doing the maintenance 

 List of items that need periodic inspections or 
testing…how often and how  

o EAP 
 Notification Procedures 
 Situations that require notifications…excessive cloudy 

seepage, embankment sumps or depressions on the 
slopes. 
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Topic: Draft Structural Analysis Trout Lake Dam 
From: DOE April 1993 
Subject: Draft Report on structural analysis of the dam 
 

Finite Element Method analysis of the dam was undertaken.  Conclusion,   
“Therefore, during a major seismic event, it is likely that the dam will continue 
to transfer the water load across the crack and into abutment rock.” 

 
Topic: Structural Analysis Trout Lake Dam 
From: DOE April 1993  
Subject: Report on structural analysis of the dam 
 

Final of above report.   
 
Topic: Repairs to Cold Joint  
From: Steffen Roberson and Kirsten, Nov 30, 1993 
Subject: Proposal to repair “cold joint”  
 

Letter proposal for repairs to the cold joint.   
 

Topic: Trout Lake Capacity Analysis  
From: KCM, June 1994 
Subject: Report on the volume of water stored 
   

The latest of the capacity studies (469 MG, 318 MG, and 385 MG were 
suggested values under various conditions).  Report states that the volume of 
water stored is 468 MG at capacity.  (Brown and Caldwell could not determine 
if that counted the flashboards being in place or not.)   
  

Topic: Trout Lake Dam  
From: DOE, Jan 27, 1995 
Subject: Results of the inspection of the dam on 1/20/1995 
 

Inspection was in response to a contractor’s call.  When DOE’s DSO looked at 
the dam, it really hadn’t changed that much.  Repairs appear to have been 
properly made.  Some blistering but otherwise the repairs appear ok.  Town 
should watch for blistering of the repairs after the next round of freeze thaw 
cycles.  Future safe operation requires: 
• Sealing of the remaining vertical cracks with flexible mastic…otherwise 

freeze-thaw of the face of the dam 

• Sluice gates and downstream valves need to be inspected and made 
operational 

• Develop formal O&M manual 

• Develop EAP 
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Topic: Draft Trout Lake Dam Improvement Feasibility Study 
From: KCM, Oct 1997   
Subject: Report on various methods of raising the dam 
 
Topic: Trout Lake Dam 
From: DOE, Feb 18, 1998 
Subject: Comments of DOE on the Feasibility Study of raising the lake. 
 

Rockfill is probably the best alternative because there isn’t competition for 
concrete on the islands.  Visual inspection gives the impression of a faulty 
structure…but it isn’t.  There are vertical cracks but they have intact 
aggregate interlocks.  Also attached was a report from Jerald LaVassar on the 
seismic assessment of Trout Lake Dam.   

 
Topic: Trout Lake Dam, Margo’s Lake Dam 
From: DOE, Feb 19, 1999 
Subject: Letter informing Town of upcoming inspection 
 
Topic: Trout Lake Dam, Margo’s Lake Dam 
From: DOE, March 24, 1999  
Subject: Letter informing Town of date of inspection of dam 
 
Topic: Trout Lake Storage Dam, Margo’s Lake Dam 
From: DOE, July 18, 2000 
Subject: Results of brief inspection of the dam on 7/8/2000 
 

Observations: 
• There was so much brush that the downstream contact plane could not 

be observed 

• An area 15 to 20 feet downstream of the dam should be cleared of 
brush 

• If the splashboards are in place too soon or too late, they add to risk 

Topic: Trout Lake 
From: DOE, Jan 31, 2005 
Subject: Requests Inundation Maps, EAP, and O&M Manuals 
 

Observations 
• The dam meets DOE’s requirements on a “conditional basis” 

• The dam poses a significant downstream hazard 

• The Town should recalculate the dam’s stability with existing 
conditions and knowledge because of the degree of uncertainty in the 
earlier analysis 
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• Need to know the inundated area 

• O&M manual is needed 

• EAP is needed 

Topic: Periodic Dam Safety Inspection Report 
From: DOE, Jan 2005 
Subject: Results of most recent dam inspection 4/16/2002 
 

The 1992 repairs by Quantum Construction of Anacortes on the dam itself are 
discussed.  The repairs were accomplished by a diver hand-packing mastic 
into the upstream side of the cracks.  Downstream was cleared of algae.  
There is an old dam downstream of the structure that one can use as an 
indication of the amount of water running around the dam.  The single 
flashboard is installed during the month of April.  Outlet works remain 
inoperable in the open position for the outlet valve and in the closed position 
for the drain valve.  Replacement or repair by a diver is required if they are 
replaced or repaired…no requirement in the report.   
 
Required actions: 
 

• If dam is raised, then there is a need to restore the operation of the 
outlet works 

• The suspected area of inundation needs to be inspected on the ground 

• The Town needs to get O&M procedures in place 

• The Town needs to produce an EAP 

 

Topic: Comments to Draft EAP 
From: DOE, April 23, 2007 
Subject: Emergency Plan Draft 
 

Acceptance of Emergency Plan. 
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SECTION III 
 

INUNDATION MAPS 

 

A. Flooding Dam Failure 

B.  Sunny Day Failure 

C. Individual Residences  

 



INUNDATION MAPS  

 
Design Flood 

 

 



 

 

 

 

INUNDATION MAPS 
 

Sunny Day 

 

 



TELEPHONE CONTACT NUMBERS 
 

TOWN OF FRIDAY HARBOR 
• Town Administrator, Mr. King Fitch (360) 378-2390 
• Utilities Superintendent, Mr. Mike Wilks (360) 378-2154 
• Lead Water Supervisor, Mr. Mike Deegan (360) 378-8353 
• Public Works Department   (360) 378-2154 
• Fire Department  911 or (360) 378-4183 
 

SAN JUAN COUNTY/TOWN OF FRIDAY HARBOR 
EMERGENCY SERVICES  

• Director Department of Emergency Management, 
Mr. Brendan Cowan  (360) 378-9932 

 
SAN JUAN COUNTY FIRE 

Fire Chief     911  
 

DOE DAM SAFETY OFFICE 
• Dam Safety Office Emergency Phone Number (360) 407-6208 

• Dam Safety Supervisor, Mr. Doug Johnson,  (360) 407-6623 direct 
line, (360) 971-6347 pager, (360) 588-2797 home  

• Geotechnical Engineer, Mr. Jerald LaVassar,  (360) 407-6625 direct 
line, (360) 456-1370 home 

 

WASHINGTON STATE EMERGENCY MANAGEMENT DUTY 
OFFICER (360) 438-8639 or 1-(800) 258-5990 
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Appendix H: Cross-Connection Control Plan 

 













































































































































































Friday Harbor Water System Plan Update 

 

 I

Use of contents on this sheet is subject to the limitations specified at the end of this document. 
FH WSP Final.docx 

Appendix I: Water Quality Monitoring Plan 
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Scenario Summary
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Notes
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<I> BasePhysical

2030 PHDDemand

2030 PHDInitial Settings

<I> BaseOperational

<I> BaseAge
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<I> BaseTrace

<I> BaseFire Flow

<I> BaseFlushing
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<I> BaseTransient
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PHD - Hydraulics only
Steady State/EPS Solver Calculation
Options
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Curve
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4Tanks 0-Variable Speed/Torque

4-Circular
0
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0

Variable Speed Pump
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1Reservoirs 5PRV's

11Pumps 3PSV's

1-Constant Power 0PBV's
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Transient Network Inventory

0Air Valves 0Rupture Disks

0-Double Acting 0Surge Valves

0-Slow Closing 0Surge Tanks

0-Triple Acting 0-Simple

0-Vacuum Breaker 0-Differential

0Discharges to Atmosphere 0-Variable Area

0Orifice 0Turbines

0Rating Curve
0
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0-Towards Wye 0-Not Sinusoidal (Head)
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0Hydropneumatic Tanks 0-Not Sinusoidal (Flow)

0Orifices Between Pipes

Pressure Pipes Inventory
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ft8,579.484 (in) ft26,016.3612 (in)

ft83,766.846 (in) ft186,690.55All Diameters

Page 2 of 227 Siemon Company Drive Suite 200 W
Watertown, CT 06795 USA  +1-203-755-1666

2/22/2013

Bentley WaterCAD V8i (SELECTseries 3)
[08.11.03.19]

Bentley Systems, Inc.  Haestad Methods Solution
Centerfh model 20101214.wtg



Scenario: 2030 PHD 
Current Time Step: 0.000Hr 
FlexTable: Junction Table 

ID Label
Elevation 

(ft)
Zone

Demand 
(gpm)

Hydraulic 
Grade 

(ft)

Pressure 
(psi)

Fire Flow 
(Needed) 

(gpm)

49 78 48 232 2.71 229 78.2 750.00
51 57 104 232 34.29 229 53.9 1,000.00
52 46 108 232 17.00 229 52.4 750.00
55 2 95 232 3.29 230 58.6 1,000.00
56 96 136 232 22.29 233 42.2 1,000.00
57 55 32 232 1.29 228 85.0 500.00
58 123 323 460/460+ 1.05 463 60.6 500.00
59 44 102 232 2.13 229 55.2 750.00
61 66 63 232 24.51 227 71.1 750.00
62 60 54 232 3.91 228 75.4 750.00
63 37 92 232 2.30 230 59.6 750.00
64 31 80 232 8.45 229 64.4 750.00
65 26 53 232 11.67 229 76.3 750.00
66 20 101 232 6.14 229 55.5 750.00
68 53 35 232 5.19 229 83.7 500.00
69 91 96 232 2.15 230 58.0 500.00
70 42 230 327 0.74 327 42.0 500.00
71 9 65 232 13.19 230 71.3 750.00
72 75 90 232 3.12 229 60.3 500.00
74 13 36 232 40.15 229 83.4 750.00
76 68 155 327 34.29 327 74.4 500.00
77 35 87 232 0.51 230 61.7 750.00
78 24 121 232 1.72 229 46.6 500.00
79 51 51 232 6.45 229 76.9 1,000.00
80 40 147 327 6.24 327 77.9 500.00
81 93 102 232 4.32 230 55.5 500.00
82 73 129 232 2.33 229 43.2 500.00
83 5 138 232 0.49 235 41.9 1,000.00
84 11 47 232 4.38 229 78.9 750.00
86 33 67 232 2.54 230 70.3 750.00
87 59 59 232 7.22 228 73.2 750.00
88 97 6 232 34.29 229 96.4 750.00
89 48 150 232 5.01 229 34.4 1,000.00
90 86 106 232 3.09 230 53.7 500.00
91 80 121 232 2.26 229 46.6 500.00
92 136 321 460/460+ 4.93 462 61.2 0.00
93 19 102 232 4.48 229 55.0 750.00
94 106 198 327 3.23 327 55.8 500.00
97 16 87 232 7.65 230 61.9 750.00
98 95 119 232 31.82 232 48.7 1,000.00
99 12 28 232 28.55 229 87.1 750.00

100 4 119 232 2.59 230 48.1 500.00
101 79 46 232 2.83 229 79.0 750.00
102 88 96 232 2.24 230 58.0 500.00
103 137 302 460/460+ 1.93 463 69.6 500.00
104 130 380 460/460+ 0.56 462 35.5 500.00
105 131 327 460/460+ 6.19 531 88.3 0.00
106 132 421 no service 0.34 462 17.7 0.00
107 39 120 232 4.82 230 47.7 750.00
108 28 91 232 7.00 229 59.9 750.00
109 118 117 460/460+ 5.63 469 152.5 500.00
110 119 122 460/460+ 1.52 469 149.9 500.00
115 6 151 232 0.29 240 38.5 1,000.00
116 111 183 327 15.31 327 62.2 500.00
117 112 123 460/460+ (N/A) (N/A) (N/A) 500.00
119 85 117 232 2.51 230 48.9 500.00
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120 1 111 232 1.22 232 52.2 1,000.00
121 54 53 232 0.64 228 75.9 500.00
122 47 125 232 2.13 229 45.1 1,000.00
123 87 92 232 8.62 230 59.8 500.00
124 76 48 232 2.68 229 78.1 500.00
126 14 68 232 14.89 230 70.0 750.00
127 110 175 327 7.99 327 65.7 500.00
128 36 85 232 10.69 230 62.5 750.00
130 135 347 460/460+ 1.69 463 50.0 500.00
131 23 160 232 6.26 229 29.8 500.00
132 52 80 232 10.93 229 64.3 500.00
133 45 84 232 2.08 229 62.8 1,000.00
134 133 406 460/460+ 3.07 534 55.2 500.00
135 74 138 232 0.06 229 39.5 1,000.00
136 98 32 232 1.07 229 85.2 750.00
137 67 161 327 34.29 327 71.8 500.00
140 34 83 232 6.38 230 63.4 750.00
141 89 95 232 2.83 230 58.5 500.00
142 27 60 232 0.72 229 73.3 750.00
143 21 125 232 3.22 229 45.1 500.00
144 56 77 232 2.55 228 65.5 500.00
145 50 47 232 1.95 229 78.6 1,000.00
146 43 153 327 0.81 327 75.3 1,000.00
147 92 99 232 1.62 230 56.7 500.00
148 72 130 232 10.46 230 43.1 500.00
149 8 80 232 2.33 230 64.9 750.00
150 10 54 232 14.13 230 76.0 750.00
151 82 100 232 2.04 229 55.9 500.00
152 22 129 232 7.91 229 43.4 500.00
153 25 59 232 6.16 229 73.8 750.00
154 29 53 232 8.56 229 76.3 500.00
155 58 36 232 2.48 228 83.3 500.00
156 41 196 327 7.92 327 56.7 500.00
157 90 104 232 2.84 230 54.6 500.00
158 83 121 232 1.94 230 47.0 500.00
159 18 90 232 1.70 229 60.3 750.00
160 32 53 232 2.25 229 76.2 500.00
162 30 88 232 2.87 229 61.1 500.00
164 138 334 460/460+ 3.73 463 55.8 0.00
165 139 385 460/460+ 4.93 531 63.4 0.00
166 128 327 460/460+ 1.23 462 58.6 500.00
168 94 113 232 2.61 232 51.5 1,000.00
169 49 77 232 5.40 229 65.8 1,000.00
170 124 289 460/460+ 5.91 463 75.1 500.00
172 126 318 460/460+ 4.03 462 62.5 500.00
173 127 316 460/460+ 1.26 462 63.3 0.00
174 120 266 460/460+ 3.31 469 88.0 500.00
175 121 140 460/460+ 4.66 468 141.7 500.00
176 122 301 460/460+ 4.28 463 70.1 500.00
179 108 184 327 2.53 327 61.8 500.00
180 109 176 327 21.30 327 65.3 500.00
181 125 202 460/460+ 10.41 462 112.7 500.00
182 104 73 232 2.73 230 67.7 750.00
183 105 116 460/460+ 1.89 469 152.9 500.00
184 7 98 232 3.34 230 57.2 750.00
186 100 84 232 0.66 228 62.5 500.00
187 101 88 232 3.48 228 60.7 500.00
400 J21 35 232 0.00 229 83.7 750.00
403 J22 25 232 2.28 228 88.0 500.00
406 J23 94 232 0.00 229 58.3 500.00
408 J24 25 232 5.89 229 88.4 750.00
411 J25 26 232 0.00 229 88.0 0.00
413 J26 15 232 9.88 229 92.7 750.00
423 J211 102 232 2.57 229 54.8 500.00
426 J212 136 232 1.88 229 40.0 500.00
427 J213 132 232 4.13 229 41.8 500.00
428 J214 128 232 1.15 229 43.5 500.00

429
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J215 118 232 0.29 229 47.8 500.00
430 J216 102 232 2.32 229 54.8 500.00
431 J217 116 232 3.87 229 48.7 500.00
440 J219 47 232 20.07 229 78.6 750.00
447 J222 133 232 0.00 230 41.8 500.00
449 J223 115 232 4.80 230 49.6 500.00
450 J224 117 232 4.37 230 48.7 500.00
455 J226 119 232 33.11 230 48.0 500.00
456 J227 119 232 0.00 230 48.0 500.00
457 J228 118 232 0.00 230 48.4 500.00
458 J229 114 232 0.25 230 50.1 500.00
459 J230 140 232 1.97 230 38.9 500.00
466 J231 109 232 0.00 230 52.2 750.00
469 J232 99 232 0.80 230 56.6 750.00
471 J233 119 232 0.39 230 48.1 500.00
474 J234 118 232 0.51 230 48.5 500.00
476 J235 105 232 5.44 230 54.1 750.00
479 J236 138 232 1.16 230 39.9 500.00
482 J237 87 232 0.99 230 61.9 750.00
486 J238 73 232 2.05 230 68.0 750.00
487 J239 83 232 3.37 230 63.6 750.00
495 J241 58 232 5.45 230 74.2 750.00
498 J242 60 232 0.00 230 73.4 0.00
500 J243 109 232 5.25 231 52.9 1,000.00
504 J244 92 232 1.20 232 60.6 1,000.00
505 J245 104 232 2.31 232 55.4 1,000.00
508 J246 91 232 0.00 230 60.2 1,000.00
509 J247 93 232 4.35 230 59.3 1,000.00
510 J248 91 232 0.00 230 60.2 1,000.00
514 J249 107 232 11.89 231 53.7 1,000.00
515 J250 106 232 0.95 231 54.2 1,000.00
519 J251 109 232 0.51 232 53.1 1,000.00
520 J252 111 232 0.63 232 52.2 1,000.00
524 J253 129 232 1.06 235 46.0 1,000.00
525 J254 134 232 0.00 237 44.7 500.00
529 J255 137 232 0.00 235 42.2 1,000.00
539 J259 230 327 0.00 327 42.0 500.00
542 J260 92 232 0.00 230 59.6 750.00
546 J261 101 232 0.00 229 55.6 750.00
549 J262 46 232 1.83 229 79.0 1,000.00
553 J263 56 232 1.80 228 74.5 500.00
562 J267 72 232 3.93 228 67.6 500.00
566 J268 95 232 0.00 228 57.6 500.00
568 J269 92 232 0.00 228 58.8 500.00
569 J270 82 232 3.88 228 63.0 500.00
570 J271 98 232 3.75 228 56.1 500.00
574 J272 110 232 3.86 228 51.0 750.00
576 J273 94 232 4.14 228 57.9 750.00
579 J274 102 232 11.92 228 54.5 750.00
580 J275 101 232 4.15 228 54.9 750.00
585 J277 112 232 0.00 228 50.0 500.00
588 J278 85 232 0.92 228 61.8 750.00
590 J279 141 232 0.00 228 37.6 750.00
591 J280 160 232 0.00 228 29.4 750.00
592 J281 184 known problem 0.24 228 19.0 750.00
597 J283 114 232 17.41 221 46.5 750.00
600 J284 111 232 59.73 221 47.7 750.00
601 J285 121 232 0.00 221 43.4 750.00
604 J286 103 460/460+ 0.50 470 158.9 500.00
607 J287 120 460/460+ 0.73 469 151.2 500.00
611 J288 305 460/460+ 1.59 463 68.4 500.00
615 J289 106 232 0.21 230 53.6 1,000.00
616 J290 112 232 6.39 230 51.0 500.00
617 J291 107 232 0.58 230 53.2 500.00
618 J292 107 232 4.16 230 53.2 1,000.00
625 J294 91 232 3.21 229 59.5 500.00
626 J295 93 232 2.23 229 58.7 500.00

627
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J296 86 232 14.79 229 61.7 500.00
629 J298 92 232 0.00 229 59.1 500.00
630 J299 85 232 6.80 229 62.1 500.00
631 J2100 85 232 0.00 229 62.1 500.00
638 J2101 79 232 3.59 229 64.7 500.00
645 J2104 87 232 0.00 229 61.3 500.00
650 J2106 86 232 1.58 229 61.7 500.00
656 J2109 100 232 0.71 229 55.7 1,000.00
659 J2110 81 232 0.00 229 63.9 500.00
663 J2111 88 232 1.12 229 61.1 750.00
664 J2112 97 232 4.31 229 57.2 750.00
666 J2113 91 232 0.15 229 59.8 750.00
670 J2114 87 232 0.00 229 61.6 750.00
674 J2115 267 327 1.76 327 25.9 500.00
675 J2116 254 327 6.01 327 31.5 500.00
679 J2117 146 232 4.42 229 36.1 1,000.00
682 J2118 222 327 4.10 327 45.4 500.00
685 J2119 215 327 0.00 327 48.4 500.00
687 J2120 192 no service 6.76 230 16.4 500.00
691 J2121 144 232 5.66 327 79.2 750.00
692 J2122 181 327 2.67 327 63.2 500.00
697 J2124 179 327 0.53 327 64.0 500.00
706 J2127 119 232 10.22 230 48.1 750.00
708 J2128 147 232 1.28 230 35.8 500.00
714 J2129 116 232 6.17 230 49.3 750.00
715 J2130 109 232 2.11 230 52.3 750.00
717 J2131 102 232 1.53 230 55.3 750.00
722 J2133 101 232 5.03 231 56.1 1,000.00
726 J2134 102 232 0.90 231 55.7 1,000.00
734 J2136 131 232 6.88 232 43.5 750.00
737 J2137 135 232 0.00 232 41.8 0.00
744 J2141 104 232 0.00 231 55.0 1,000.00
750 J2143 117 232 2.02 231 49.3 750.00
753 J2145 115 232 0.67 231 50.2 750.00
758 J2146 89 232 0.82 229 60.7 750.00
759 J2147 100 232 5.07 229 56.0 750.00
764 J2149 96 232 18.65 230 58.0 750.00
770 J2151 72 232 19.54 230 68.1 750.00
774 J2152 64 232 0.79 230 71.6 750.00
779 J2154 404 no service 0.00 462 25.1 500.00
782 J2155 431 no service 0.88 462 13.5 500.00
784 J2156 384 460/460+ 4.11 462 33.9 500.00
788 J2157 236 460/460+ 0.00 463 98.0 500.00
789 J2158 252 460/460+ 1.44 463 91.1 500.00
792 J2159 305 460/460+ 0.00 462 68.0 0.00
793 J2160 347 460/460+ 0.45 462 49.8 500.00
797 J2161 368 460/460+ 0.00 462 40.8 0.00
798 J2162 337 460/460+ 2.46 462 54.2 500.00
802 J2163 426 no service 0.00 462 15.6 500.00
805 J2164 454 460/460+ 0.00 534 34.4 0.00
807 J2165 97 460/460+ 4.14 472 162.1 500.00
810 J2166 130 460/460+ 0.00 472 147.9 0.00
813 J2168 114 207 2.83 230 50.1 1,000.00
814 J2169 129 207 0.00 230 43.6 1,000.00
820 J2171 151 207 0.85 230 34.1 1,000.00
822 J2172 179 207 0.01 230 22.0 1,000.00
824 J2173 65 232 1.64 230 71.3 500.00
826 J2174 26 232 1.39 230 88.2 500.00
829 J2175 94 232 0.00 230 58.8 1,000.00
832 J2176 100 232 0.00 230 56.2 1,000.00
834 J2177 144 207 0.00 230 37.1 1,000.00
837 J2178 162 207 0.00 230 29.3 1,000.00
841 J2179 143 207 0.00 230 37.6 1,000.00
844 J2180 41 232 0.00 230 81.7 500.00
847 J2181 108 232 1.40 230 52.8 1,000.00
850 J2182 111 232 0.00 230 51.5 500.00
853 J2183 101 232 3.81 230 55.7 500.00

855
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P:\Friday Harbor\Potable Water\137804 Friday Harbor WSP\400 Hydraulic Model Update\WaterCAD\fh model 20101214.wtg  

J2184 122 232 3.98 230 46.6 500.00
857 J2185 135 232 4.92 230 41.0 500.00
859 J2186 78 232 5.04 230 65.6 500.00
861 J2187 40 232 7.18 230 82.0 500.00
863 J2188 41 232 5.06 230 81.7 500.00
868 J2190 29 232 4.15 230 86.8 500.00
871 J2191 46 232 1.23 229 79.3 500.00
875 J2193 83 232 1.24 228 62.9 500.00
877 J2194 117 232 1.72 228 48.0 500.00
879 J2195 51 232 9.39 227 76.3 500.00
881 J2196 39 232 9.94 227 81.4 500.00
883 J2197 44 232 2.19 227 79.2 500.00
885 J2198 40 232 5.44 227 80.9 500.00
887 J2199 26 232 11.85 227 86.9 500.00
889 J2200 20 232 5.54 227 89.5 500.00
891 J2201 91 232 4.35 227 58.8 500.00
893 J2202 64 232 3.99 227 70.5 500.00
895 J2203 49 232 1.20 227 77.0 500.00
898 J2204 16 232 1.67 227 91.2 500.00
900 J2205 48 232 1.30 227 77.4 500.00
901 J2206 52 232 2.08 227 75.6 500.00
904 J2207 13 232 5.69 227 92.5 500.00
905 J2208 52 232 4.37 227 75.6 500.00
913 J2211 61 232 0.00 227 71.7 500.00
916 J2212 62 232 0.00 227 71.3 500.00
918 J2213 62 232 0.56 227 71.3 500.00
921 J2214 63 232 1.69 227 70.9 500.00
923 J2215 43 232 4.19 227 79.6 500.00
925 J2216 52 232 8.79 230 76.9 500.00
927 J2217 152 232 0.00 229 33.4 500.00
928 J2218 113 232 5.67 229 50.3 750.00
930 J2219 102 232 28.15 229 55.0 750.00
940 J2221 130 232 3.28 228 42.4 750.00
944 J2222 129 327 0.00 327 85.6 1,000.00
951 J2224 151 232 0.00 238 37.8 1,000.00
955 J2226 75 232 7.41 230 67.1 750.00
958 J2227 139 207 15.80 252 48.7 1,000.00
968 J2230 155 207 16.50 251 41.4 0.00
990 J2232 97 no service 0.00 221 53.5 500.00

1002 J2233 120 232 0.87 232 48.3 1,000.00
1019 J2235 136 327 0.00 230 40.6 1,000.00
1047 J2239 120 207 0.00 230 47.5 1,000.00
1062 J2242 454 460/460+ 1.04 534 34.4 0.00
1065 J2243 384 460/460+ 0.00 462 33.9 0.00
1067 J2244 404 460/460+ 0.59 533 56.0 500.00
1072 J2245 404 460/460+ 0.69 533 56.0 0.00
1141 J2246 192 327 0.00 327 58.4 500.00
1145 J2247 157 207 0.00 250 40.3 500.00
1157 J2248 108 207 0.00 264 67.3 500.00
1172 J2249 160 207 0.00 257 42.0 500.00
1186 J2251 180 <None> (N/A) (N/A) (N/A) 750.00
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Scenario: 2030 PHD 
Current Time Step: 0.000Hr 
FlexTable: Pipe Table 

ID Label
Length 

(Scaled) 
(ft)

Start Node Stop Node
Diameter 

(in)

Hazen�
Williams 

C

Flow 
(gpm)

Is 
Active?

Velocity 
(Maximum) 

(ft/s)

193 221 59.61 121 460 to 232 PRV 8 125.0 (N/A) False (N/A)
194 201 67.81 460 to 232 PRV 112 8 125.0 (N/A) False (N/A)
196 204 81.82 133 460 Pump control 4 125.0 127.35 True 3.25
197 205 62.46 460 Pump control 132 4 125.0 127.35 True 3.25
199 206 51.29 207 Tank 207/232 Small 8 125.0 367.58 True 2.35
200 207 84.01 207/232 Small 6 8 125.0 367.58 True 2.35
203 208 69.63 132 460/460+ 4 125.0 143.85 True 3.67
204 209 78.22 460/460+ 133 4 125.0 143.85 True 3.67
207 210 111.62 207 Tank 207/327 Small 2 8 125.0 203.66 True 1.30
208 211 203.94 207/327 Small 2 43 8 125.0 203.66 True 1.30
211 202 67.75 207 Tank 207/327 Large 8 125.0 0.00 True 0.00
212 212 153.63 207/327 Large 43 8 125.0 0.00 True 0.00
215 213 94.32 207 Tank 207/327 Small 1 8 125.0 203.70 True 1.30
216 214 179.45 207/327 Small 1 43 8 125.0 203.70 True 1.30
227 219 78.60 207 Tank 207/232 Large 1 8 125.0 0.00 True 0.00
228 222 49.78 207/232 Large 1 6 8 125.0 0.00 True 0.00
231 220 58.66 207 Tank 207/232 Large 2 8 125.0 465.83 True 2.97
232 203 63.90 207/232 Large 2 6 8 125.0 465.83 True 2.97
234 142 78.48 460 Tank 132 12 120.0 �75.69 True 0.21
236 23 244.14 21 22 4 110.0 �19.23 True 0.49
237 100 639.84 93 85 6 125.0 44.17 True 0.50
240 107 567.17 31 79 6 110.0 33.53 True 0.38
241 104 561.75 85 86 8 110.0 65.83 True 0.42
243 167 65.60 Proposed 460 Tank 132 12 120.0 (N/A) False (N/A)
244 164 485.93 135 137 6 120.0 �59.35 True 0.67
245 162 240.76 73 23 8 110.0 �18.96 True 0.12
246 98 316.14 91 92 8 125.0 1.62 True 0.01
247 94 135.95 87 88 8 125.0 2.24 True 0.01
249 131 468.41 105 118 6 120.0 �1.89 True 0.02
252 95 307.32 87 89 8 125.0 �64.31 True 0.41
254 86 268.06 76 54 8 110.0 124.43 True 0.79
255 42 460.22 36 44 8 110.0 71.82 True 0.46
261 34 520.36 30 31 4 110.0 24.06 True 0.61
265 47 927.33 45 46 8 110.0 10.40 True 0.07
267 29 295.36 11 26 6 110.0 15.38 True 0.17
268 25 480.42 22 23 4 110.0 29.19 True 0.75
269 81 477.59 21 73 4 110.0 25.49 True 0.65
270 31 241.87 27 28 6 110.0 21.41 True 0.24
271 26 722.92 23 24 6 110.0 1.72 True 0.02
272 22 488.16 19 21 4 110.0 9.48 True 0.24
274 13 230.31 11 12 8 110.0 102.59 True 0.65
275 79 390.68 2 8 8 110.0 131.91 True 0.84
282 150 1,846.21 121 122 6 120.0 144.46 True 1.64
283 110 825.51 47 52 8 110.0 140.59 True 0.90
284 111 174.17 100 101 8 125.0 133.09 True 0.85
289 165 618.35 137 122 6 120.0 �61.29 True 0.70
290 163 145.99 135 136 2 120.0 4.93 True 0.50
291 161 486.51 20 22 6 110.0 �25.93 True 0.29
292 99 197.15 91 93 6 125.0 �73.74 True 0.84
294 96 243.82 89 90 8 125.0 2.84 True 0.02
297 83 445.03 75 30 4 110.0 20.10 True 0.51
300 74 535.45 29 32 6 110.0 33.95 True 0.39
301 62 488.30 59 60 6 110.0 3.91 True 0.04
302 57 271.13 53 55 4 110.0 13.64 True 0.35
303 53 988.62 51 52 6 110.0 9.30 True 0.11
304 40 403.33 33 36 8 110.0 �31.29 True 0.20
305 35 118.76 30 32 4 110.0 �6.83 True 0.17
307 32 577.14 27 29 6 110.0 42.51 True 0.48
308 27 577.30 28 18 4 110.0 �8.80 True 0.22
309 14 554.50 12 13 6 110.0 75.51 True 0.86
315 93 911.85 86 87 8 125.0 �49.10 True 0.31
316 153 1,989.70 124 125 6 120.0 10.41 True 0.12
318 123 262.70 56 100 8 110.0 �36.26 True 0.23
319 120 528.42 96 95 8 110.0 347.27 True 2.22
321 85 148.08 78 31 8 110.0 �24.19 True 0.15
324 125 1,438.20 57 74 8 110.0 �114.47 True 0.73
326 82 232.98 25 27 8 110.0 78.17 True 0.50
327 7 396.43 7 2 8 110.0 �39.74 True 0.25
330 84 235.14 73 31 8 125.0 42.11 True 0.27
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331 80 1,058.34 72 22 8 110.0 82.27 True 0.53
332 75 515.21 1 95 8 125.0 �49.38 True 0.32
333 71 1,025.33 43 40 8 125.0 48.54 True 0.31
335 48 414.98 46 47 8 110.0 19.58 True 0.12
337 67 924.55 67 68 8 110.0 34.29 True 0.22
338 54 321.30 50 53 4 110.0 18.82 True 0.48
341 41 502.26 36 37 8 110.0 �113.81 True 0.73
342 36 505.02 78 32 4 110.0 �24.87 True 0.63
344 39 549.30 34 35 6 110.0 0.51 True 0.01
345 33 276.11 28 75 6 110.0 23.22 True 0.26
346 20 218.08 18 19 4 110.0 30.03 True 0.77
348 11 266.95 9 10 8 110.0 137.68 True 0.88
352 138 917.87 108 110 8 120.0 15.50 True 0.10
353 139 607.42 109 110 8 120.0 7.80 True 0.05
357 170 254.64 131 139 2 120.0 �6.19 True 0.63
358 133 244.81 43 67 8 110.0 106.03 True 0.68
360 50 161.50 45 49 8 110.0 112.07 True 0.72
361 30 278.71 26 27 6 110.0 �13.53 True 0.15
362 137 232.95 108 109 8 120.0 29.10 True 0.19
363 134 439.17 67 106 6 110.0 37.46 True 0.43
365 166 99.54 123 138 2 120.0 3.73 True 0.38
367 88 315.23 23 80 6 110.0 2.26 True 0.03
368 156 192.96 126 128 6 120.0 49.47 True 0.56
369 154 310.67 124 126 6 120.0 54.76 True 0.62
370 155 131.38 126 127 2 120.0 1.26 True 0.13
371 90 345.52 19 82 8 110.0 2.04 True 0.01
372 97 125.86 89 91 8 125.0 �69.98 True 0.45
377 60 331.64 54 58 4 110.0 �9.87 True 0.25
379 51 446.33 49 50 8 110.0 165.46 True 1.06
383 24 436.31 83 72 8 110.0 60.73 True 0.39
384 19 1,194.28 14 18 6 110.0 40.53 True 0.46
385 126 416.64 74 48 8 110.0 �114.54 True 0.73
386 149 1,259.92 118 120 6 120.0 3.31 True 0.04
387 21 255.05 19 20 8 110.0 14.03 True 0.09
389 12 243.85 10 11 8 110.0 122.36 True 0.78
391 140 351.78 110 111 8 120.0 15.31 True 0.10
397 148 381.79 119 121 6 120.0 149.12 True 1.69
398 108 416.60 13 97 6 125.0 34.29 True 0.39
399 109 244.93 13 98 6 125.0 1.07 True 0.01
401 P�1 252.41 79 J�1 6 110.0 56.97 True 0.65
404 P�3 399.55 J�1 J�2 6 110.0 56.97 True 0.65
405 P�4 2,353.26 J�2 66 6 110.0 54.69 True 0.62
407 P�5 318.46 73 J�3 8 125.0 0.00 True 0.00
409 P�6 287.61 12 J�4 8 125.0 �1.46 True 0.01
410 P�7 229.13 J�4 26 4 125.0 �17.24 True 0.44
412 P�8 84.31 J�4 J�5 2 125.0 0.00 True 0.00
414 P�9 154.40 J�4 J�6 6 125.0 9.88 True 0.11
420 P�12 506.98 108 106 8 125.0 �47.13 True 0.30
424 P�13 730.89 100 J�11 8 110.0 �63.26 True 0.40
425 P�14 266.17 J�11 57 8 110.0 �79.47 True 0.51
432 P�15 182.96 J�11 J�17 8 125.0 13.64 True 0.09
433 P�16 333.22 J�17 J�16 8 125.0 4.91 True 0.03
434 P�17 522.99 J�16 J�15 8 125.0 2.59 True 0.02
435 P�18 549.39 J�15 J�14 8 125.0 2.30 True 0.01
437 P�19 430.96 J�17 J�12 8 125.0 4.86 True 0.03
438 P�20 618.64 J�12 J�13 8 125.0 2.98 True 0.02
439 P�21 588.61 J�13 J�14 8 125.0 �1.15 True 0.01
441 P�22 101.57 78 J�19 6 110.0 46.35 True 0.53
442 P�23 568.96 J�19 79 6 110.0 26.27 True 0.30
448 P�26 225.91 83 J�22 8 125.0 0.00 True 0.00
451 P�27 513.95 83 J�23 8 125.0 41.17 True 0.26
452 P�28 356.57 J�23 J�24 8 125.0 36.37 True 0.23
453 P�29 539.35 J�24 72 8 125.0 32.00 True 0.20
462 P�32 275.15 J�30 J�26 8 125.0 33.35 True 0.21
463 P�33 283.61 J�26 J�27 8 125.0 0.25 True 0.00
464 P�34 410.20 J�27 J�28 8 125.0 0.25 True 0.00
465 P�35 594.45 J�28 J�29 8 125.0 0.25 True 0.00
467 P�36 599.72 J�30 J�31 8 125.0 104.64 True 0.67
468 P�37 402.19 J�31 83 8 125.0 103.84 True 0.66
470 P�38 447.72 J�31 J�32 8 125.0 0.80 True 0.01
472 P�39 21.50 4 J�33 8 110.0 25.06 True 0.16
473 P�40 92.37 J�33 85 8 110.0 24.17 True 0.15
475 P�41 88.76 J�33 J�34 8 125.0 0.51 True 0.00
477 P�42 311.29 4 J�35 8 125.0 39.53 True 0.25
480 P�44 439.17 J�35 J�36 8 125.0 1.16 True 0.01
481 P�45 442.89 4 J�30 8 125.0 139.96 True 0.89
483 P�46 394.50 J�35 J�37 8 125.0 32.92 True 0.21
484 P�47 195.11 J�37 8 8 125.0 18.86 True 0.12
488 P�49 444.14 J�37 J�39 8 125.0 13.07 True 0.08
489 P�50 342.75 J�39 16 8 125.0 7.65 True 0.05

490
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P�51 251.44 J�39 J�38 6 125.0 2.05 True 0.02
493 P�53 538.96 8 14 8 125.0 148.44 True 0.95
494 P�54 282.15 14 9 8 125.0 93.03 True 0.59
496 P�55 605.70 9 J�41 8 110.0 89.77 True 0.57
497 P�56 278.25 J�41 25 8 110.0 84.33 True 0.54
499 P�57 87.51 J�41 J�42 2 125.0 0.00 True 0.00
501 P�58 221.18 94 J�43 8 110.0 300.80 True 1.92
503 P�60 672.36 93 J�43 6 125.0 �122.24 True 1.39
506 P�61 836.27 94 J�45 8 125.0 3.51 True 0.02
507 P�62 323.58 J�45 J�44 8 125.0 1.20 True 0.01
511 P�63 445.48 87 J�48 8 125.0 4.35 True 0.03
512 P�64 322.88 J�48 J�47 8 125.0 4.35 True 0.03
513 P�65 98.87 J�48 J�46 8 125.0 0.00 True 0.00
516 P�66 263.80 1 J�50 8 125.0 227.55 True 1.45
518 P�68 274.05 J�50 J�49 8 125.0 11.89 True 0.08
521 P�69 325.35 94 J�52 8 125.0 181.39 True 1.16
522 P�70 173.97 J�52 1 8 125.0 180.26 True 1.15
523 P�71 219.40 J�52 J�51 8 125.0 0.51 True 0.00
526 P�72 503.32 6 J�54 8 125.0 489.36 True 3.12
527 P�73 399.34 J�54 J�53 8 125.0 489.36 True 3.12
528 P�74 644.27 J�53 94 8 125.0 488.30 True 3.12
530 P�75 16.96 5 J�55 8 110.0 719.17 True 4.59
531 P�76 80.93 J�55 96 8 110.0 719.17 True 4.59
541 P�82 253.95 J�59 42 6 120.0 0.74 True 0.01
543 P�83 585.75 44 J�60 8 110.0 �125.11 True 0.80
544 P�84 36.13 J�60 37 8 110.0 �10.00 True 0.06
547 P�86 25.73 44 J�61 8 110.0 194.81 True 1.24
550 P�88 74.10 50 J�62 8 110.0 144.69 True 0.92
551 P�89 201.07 J�62 76 8 110.0 127.11 True 0.81
552 P�90 535.00 51 J�62 6 125.0 �15.75 True 0.18
554 P�91 186.11 54 J�63 8 110.0 133.65 True 0.85
555 P�92 73.67 J�63 59 8 110.0 161.64 True 1.03
563 P�96 695.03 56 J�67 6 125.0 33.72 True 0.38
564 P�97 358.14 J�67 J�63 6 125.0 29.79 True 0.34
567 P�99 687.13 101 J�68 8 125.0 129.61 True 0.83
571 P�100 255.49 J�68 J�69 8 125.0 129.61 True 0.83
572 P�101 747.36 J�69 J�71 8 125.0 129.61 True 0.83
573 P�102 677.74 J�71 J�70 8 125.0 3.88 True 0.02
577 P�104 398.24 59 J�73 8 110.0 150.51 True 0.96
581 P�106 252.60 J�73 J�74 6 125.0 16.07 True 0.18
582 P�107 377.88 J�74 J�75 6 125.0 4.15 True 0.05
583 P�108 263.12 J�73 J�72 6 125.0 8.30 True 0.09
586 P�109 753.25 J�73 J�77 8 110.0 122.00 True 0.78
593 P�112 289.69 J�72 J�79 8 125.0 0.24 True 0.00
594 P�113 323.20 J�79 J�80 8 125.0 0.24 True 0.00
595 P�114 345.30 J�80 J�81 8 125.0 0.24 True 0.00
598 P�115 834.99 J�77 J�83 6 110.0 243.98 True 2.77
602 P�117 250.98 J�83 J�84 6 125.0 59.73 True 0.68
603 P�118 257.42 J�84 J�85 6 125.0 0.00 True 0.00
608 P�121 121.46 118 J�87 6 120.0 �10.83 True 0.12
609 P�122 343.66 J�87 119 6 120.0 150.64 True 1.71
610 P�123 317.87 J�86 J�87 6 125.0 162.20 True 1.84
612 P�124 48.99 122 J�88 6 120.0 78.89 True 0.90
613 P�125 139.70 J�88 123 6 120.0 4.77 True 0.05
614 P�126 916.70 J�88 124 6 125.0 72.52 True 0.82
619 P�127 129.55 86 J�89 8 125.0 111.83 True 0.71
621 P�129 272.69 J�92 J�91 6 125.0 �1.40 True 0.02
622 P�130 524.98 J�91 J�90 8 125.0 �44.08 True 0.28
623 P�131 316.13 J�90 J�89 8 125.0 �50.47 True 0.32
634 P�134 325.57 J�96 J�95 8 125.0 2.23 True 0.01
636 P�136 58.42 J�100 J�99 8 125.0 6.80 True 0.04
637 P�137 268.39 J�99 J�98 8 125.0 0.00 True 0.00
639 P�138 202.68 100 J�101 8 125.0 �106.75 True 0.68
640 P�139 289.17 J�101 52 8 125.0 �113.55 True 0.72
641 P�140 496.61 J�94 J�101 8 125.0 �3.21 True 0.02
648 P�144 34.39 J�99 J�104 8 125.0 0.00 True 0.00
651 P�145 223.38 J�100 J�106 8 125.0 18.61 True 0.12
652 P�146 24.25 J�106 J�96 8 125.0 17.03 True 0.11
657 P�148 180.80 57 J�109 8 125.0 0.71 True 0.00
660 P�150 172.23 52 J�110 8 125.0 25.41 True 0.16
661 P�151 122.75 J�110 J�100 8 125.0 25.41 True 0.16
665 P�153 194.66 J�111 J�112 8 125.0 �48.36 True 0.31
667 P�154 243.75 J�61 J�113 8 110.0 130.12 True 0.83
669 P�156 180.88 J�112 J�113 8 125.0 �52.67 True 0.34
671 P�157 192.99 J�113 J�114 8 110.0 77.31 True 0.49
672 P�158 184.23 J�114 45 8 110.0 124.55 True 0.79
673 P�159 184.35 J�111 J�114 8 125.0 47.24 True 0.30
676 P�160 690.83 106 J�116 6 110.0 �12.91 True 0.15
677 P�161 940.07 J�116 41 6 110.0 �20.68 True 0.23
678 P�162 277.92 J�115 J�116 6 125.0 �1.76 True 0.02

680
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P�163 609.74 47 J�117 8 110.0 �123.14 True 0.79
681 P�164 33.97 J�117 48 8 110.0 119.55 True 0.76
684 P�166 122.24 J�118 J�59 6 120.0 0.74 True 0.01
686 P�167 127.02 J�118 J�119 6 125.0 0.00 True 0.00
688 P�168 1,107.76 232 Tank J�120 12 110.0 78.57 True 0.22
689 P�169 1,734.74 J�120 39 12 110.0 �175.31 True 0.50
690 P�170 331.43 J�120 J�117 8 125.0 247.11 True 1.58
694 P�172 308.50 J�122 41 8 125.0 33.44 True 0.21
695 P�173 390.61 J�121 J�122 6 125.0 �5.66 True 0.06
698 P�174 285.33 40 J�124 8 125.0 42.30 True 0.27
699 P�175 18.26 J�124 J�122 8 125.0 41.77 True 0.27
710 P�182 631.59 J�128 46 4 110.0 26.18 True 0.67
711 P�183 639.59 J�128 J�127 4 125.0 �27.45 True 0.70
712 P�184 31.69 J�127 39 8 125.0 �162.60 True 1.04
716 P�186 561.73 J�129 J�130 6 125.0 �6.17 True 0.07
718 P�187 757.11 J�127 J�131 8 125.0 124.93 True 0.80
719 P�188 202.56 J�131 J�60 8 125.0 115.12 True 0.73
720 P�189 248.57 J�130 J�131 6 125.0 �8.28 True 0.09
723 P�190 743.19 J�43 J�133 8 110.0 173.31 True 1.11
724 P�191 392.13 J�133 4 8 110.0 207.14 True 1.32
728 P�194 454.24 J�134 2 8 125.0 174.94 True 1.12
729 P�195 444.22 J�134 J�133 8 125.0 38.86 True 0.25
735 P�199 506.54 39 J�136 8 125.0 �342.73 True 2.19
736 P�200 671.25 J�136 96 8 125.0 �349.61 True 2.23
738 P�201 198.84 J�136 J�137 2 125.0 0.00 True 0.00
745 P�204 84.30 J�50 J�141 8 125.0 214.70 True 1.37
746 P�205 395.91 J�141 J�134 8 125.0 214.70 True 1.37
754 P�209 268.58 95 J�145 8 110.0 266.07 True 1.70
755 P�210 342.96 J�145 7 8 110.0 263.39 True 1.68
756 P�211 147.10 J�143 J�145 4 125.0 �2.02 True 0.05
760 P�213 630.67 49 J�147 6 125.0 �58.80 True 0.67
761 P�214 165.77 J�147 J�61 6 125.0 �64.68 True 0.73
762 P�215 130.83 J�146 J�147 6 125.0 �0.82 True 0.01
765 P�216 497.14 37 J�149 8 110.0 �126.10 True 0.80
766 P�217 349.47 J�149 7 8 110.0 �144.75 True 0.92
771 P�220 260.62 33 J�151 6 110.0 29.16 True 0.33
772 P�221 292.22 J�151 34 6 110.0 6.89 True 0.08
773 P�222 136.36 J�151 104 8 125.0 2.73 True 0.02
775 P�223 198.44 10 J�152 8 110.0 1.20 True 0.01
776 P�224 74.15 J�152 33 8 110.0 0.41 True 0.00
780 P�226 109.61 130 J�154 6 120.0 44.77 True 0.51
786 P�230 677.96 J�156 135 6 120.0 �52.73 True 0.60
787 P�231 857.25 J�155 J�156 6 125.0 �48.62 True 0.55
790 P�232 235.23 J�157 J�158 6 125.0 0.00 True 0.00
791 P�233 1,107.36 J�158 124 6 125.0 �1.44 True 0.02
795 P�235 380.36 J�160 130 6 120.0 45.33 True 0.51
796 P�236 577.68 J�159 J�160 2 125.0 0.00 True 0.00
799 P�237 193.93 128 J�162 6 120.0 48.24 True 0.55
800 P�238 216.01 J�162 J�160 6 120.0 45.78 True 0.52
801 P�239 491.52 J�161 J�162 2 125.0 0.00 True 0.00
803 P�240 181.38 J�154 J�163 6 125.0 44.77 True 0.51
809 P�244 532.18 J�165 J�86 6 125.0 162.70 True 1.85
811 P�245 469.92 J�165 J�166 2 125.0 0.00 True 0.00
815 P�246 401.16 J�168 J�169 6 125.0 �2.83 True 0.03
827 P�253 1,336.07 J�173 J�174 6 125.0 �5.33 True 0.06
831 P�256 677.81 J�175 J�173 6 125.0 �3.69 True 0.04
833 P�257 524.62 J�175 J�176 6 125.0 0.00 True 0.00
835 P�258 249.92 J�172 J�177 6 125.0 �1.84 True 0.02
838 P�260 987.95 J�171 J�178 6 125.0 �3.68 True 0.04
839 P�261 366.78 J�178 J�172 6 125.0 �1.84 True 0.02
842 P�263 356.89 J�177 J�179 6 125.0 1.84 True 0.02
843 P�264 257.13 J�179 J�178 6 125.0 1.84 True 0.02
845 P�265 392.80 J�174 J�180 6 125.0 �15.50 True 0.18
848 P�267 230.91 J�89 J�181 8 125.0 61.15 True 0.39
849 P�268 290.15 J�181 J�92 8 125.0 59.75 True 0.38
851 P�269 86.82 J�181 J�182 8 125.0 0.00 True 0.00
852 P�270 272.69 J�92 J�91 6 125.0 �1.40 True 0.02
854 P�271 636.99 J�91 J�183 6 125.0 40.70 True 0.46
856 P�272 411.36 J�183 J�184 6 125.0 36.90 True 0.42
858 P�273 509.37 J�184 J�185 6 125.0 32.92 True 0.37
860 P�274 693.80 J�185 J�186 6 125.0 28.00 True 0.32
862 P�275 194.38 J�186 J�187 6 125.0 22.96 True 0.26
864 P�276 17.36 J�180 J�188 8 125.0 �15.50 True 0.10
865 P�277 883.94 J�188 J�92 8 125.0 �58.38 True 0.37
869 P�279 1,118.47 J�188 J�190 6 125.0 37.82 True 0.43
870 P�280 478.09 J�190 J�187 6 125.0 33.68 True 0.38
872 P�281 834.73 J�187 J�191 6 125.0 49.46 True 0.56
876 P�283 2,909.51 J�191 J�193 6 125.0 48.22 True 0.55
878 P�284 1,757.89 J�193 J�194 6 125.0 46.98 True 0.53
880 P�285 2,587.86 J�194 J�195 6 125.0 45.26 True 0.51

882
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P�286 1,445.70 J�195 J�196 6 125.0 35.88 True 0.41
884 P�287 353.28 J�196 J�197 6 125.0 25.94 True 0.29
886 P�288 1,571.98 J�197 J�198 6 125.0 23.75 True 0.27
888 P�289 1,526.87 J�198 J�199 6 125.0 18.31 True 0.21
890 P�290 1,074.95 J�199 J�200 6 125.0 6.46 True 0.07
892 P�291 1,516.34 J�200 J�201 6 125.0 �3.00 True 0.03
894 P�292 899.68 J�201 J�202 6 125.0 �20.80 True 0.24
896 P�293 1,568.97 J�202 J�203 6 125.0 �28.98 True 0.33
897 P�294 1,387.97 J�203 66 6 125.0 �30.18 True 0.34
902 P�296 447.41 J�205 J�206 6 125.0 �1.30 True 0.01
906 P�298 730.16 J�206 J�208 6 125.0 �3.39 True 0.04
907 P�299 1,907.11 J�208 J�201 6 125.0 �13.45 True 0.15
908 P�300 852.75 J�207 J�208 6 125.0 �5.69 True 0.06
914 P�303 583.63 J�204 J�211 6 125.0 �1.67 True 0.02
917 P�305 170.86 J�211 J�212 6 125.0 0.00 True 0.00
919 P�306 41.70 J�211 J�213 6 125.0 �1.67 True 0.02
920 P�307 1,250.31 J�213 J�200 6 125.0 �3.92 True 0.04
922 P�308 223.83 J�213 J�214 6 125.0 1.69 True 0.02
924 P�309 902.58 J�202 J�215 6 125.0 4.19 True 0.05
926 P�310 1,259.99 J�216 J�174 6 125.0 �8.79 True 0.10
929 P�311 379.92 J�217 J�218 8 125.0 0.00 True 0.00
931 P�312 237.54 J�218 J�219 8 125.0 �5.67 True 0.04
932 P�313 78.77 J�219 20 8 125.0 �33.82 True 0.22
941 P�316 126.52 J�72 J�221 6 125.0 4.20 True 0.05
942 P�317 3,472.32 J�221 J�78 6 125.0 0.92 True 0.01
945 P�319 706.88 68 J�222 6 125.0 0.00 True 0.00
952 P�323 256.98 5 J�224 8 110.0 �719.66 True 4.59
953 P�324 132.58 J�224 6 8 110.0 �719.66 True 4.59
956 P�325 334.95 7 J�226 8 110.0 155.03 True 0.99
957 P�326 439.93 J�226 9 8 110.0 147.62 True 0.94
969 P�329 1,592.27 J�227 J�230 12 125.0 442.40 True 1.25
974 P�333 88.26 240 to 232 PSV 6 12 125.0 375.90 True 1.07
978 P�335 55.51 43 327 Pump control 12 130.0 251.97 True 0.71
979 P�336 51.05 327 Pump control 207 Tank 12 130.0 251.97 True 0.71
991 P�338 221.18 J�83 J�232 6 125.0 166.84 True 1.89
995 P�341 92.68 J�232 232/460 Pump 1 6 125.0 0.00 True 0.00
996 P�342 91.24 232/460 Pump 1 J�165 6 125.0 0.00 True 0.00

1000 P�345 110.89 J�232 232/460 Pump 2 6 130.0 166.84 True 1.89
1001 P�346 62.49 232/460 Pump 2 J�165 6 130.0 166.84 True 1.89
1003 P�347 223.85 1 J�233 8 130.0 0.87 True 0.01
1004 P�348 233.64 55 58 4 130.0 12.35 True 0.32
1005 P�349 176.14 J�71 J�77 8 130.0 121.98 True 0.78
1048 P�361 168.71 J�177 J�239 6 130.0 �3.69 True 0.04
1053 P�364 65.61 J�239 327 to 232 PRV 6 130.0 0.00 True 0.00
1054 P�365 130.84 327 to 232 PRV J�175 6 130.0 0.00 True 0.00
1064 P�372 171.43 J�242 J�164 2 125.0 0.00 True 0.00
1066 P�373 155.50 J�156 J�243 2 130.0 0.00 True 0.00
1070 P�376 114.89 J�163 132 6 125.0 44.77 True 0.51
1071 P�377 336.59 132 J�155 6 125.0 �47.75 True 0.54
1073 P�378 441.25 139 J�245 2 120.0 �11.12 True 1.14
1075 P�380 212.89 J�245 J�244 4 130.0 �11.81 True 0.30
1077 P�381 385.16 J�244 133 4 125.0 �12.39 True 0.32
1078 P�382 809.31 133 J�242 4 125.0 1.04 True 0.03
1142 P�383 497.36 41 J�246 6 120.0 4.84 True 0.05
1143 P�384 1,160.68 J�246 J�118 6 120.0 4.84 True 0.05
1146 P�385 1,059.23 J�230 J�247 12 125.0 425.90 True 1.21
1147 P�386 74.53 J�247 240 to 232 PSV 12 125.0 375.90 True 1.07
1151 P�389 99.84 240 to 207 Tank PRV 207 Tank 12 130.0 50.00 True 0.14
1152 P�390 331.34 J�169 J�235 6 125.0 0.00 True 0.00
1155 P�392 55.40 68 327 to 240 PRV 8 130.0 0.00 True 0.00
1156 P�393 72.87 327 to 240 PRV J�230 8 130.0 0.00 True 0.00
1162 P�395 436.38 R�2 WTP Pump 1 8 130.0 229.75 True 1.47
1163 P�396 415.18 WTP Pump 1 J�248 8 130.0 229.75 True 1.47
1164 P�397 450.76 R�2 WTP Pump 2 8 130.0 228.44 True 1.46
1165 P�398 505.43 WTP Pump 2 J�248 8 130.0 228.44 True 1.46
1170 P�400 20.42 J�247 FCV for 207 Tank 12 130.0 50.00 True 0.14
1171 P�401 28.48 FCV for 207 Tank 240 to 207 Tank PRV 12 130.0 50.00 True 0.14
1173 P�402 9,177.69 J�227 J�249 12 130.0 �458.19 True 1.30
1174 P�403 10,848.11 J�249 J�248 12 130.0 �458.19 True 1.30
1181 P�404 2,896.20 112 J�72 8 130.0 (N/A) False (N/A)
1182 P�405 1,232.41 J�72 J�251 8 130.0 (N/A) False (N/A)
1187 P�408 393.77 J�221 J�73 6 130.0 (N/A) False (N/A)
1195 P�411 242.09 J�169 J�171 6 130.0 �2.83 True 0.03
1197 P�412 944.99 68 PRV�5 8 125.0 0.00 True 0.00
1198 P�413 77.45 PRV�5 J�235 8 125.0 0.00 True 0.00
1199 P�414 274.54 J�175 J�239 6 130.0 3.69 True 0.04
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Scenario: 2030 PHD 
Current Time Step: 0.000Hr 
FlexTable: Tank Table 

 
 
P:\Friday Harbor\Potable Water\137804 Friday Harbor WSP\400 Hydraulic Model Update\WaterCAD\fh model 20101214.wtg  

ID Label
Is 

Active?

Elevation 
(Base) 

(ft)

Elevation 
(Minimum) 

(ft)

Elevation 
(Initial) 

(ft)

Elevation 
(Maximum) 

(ft)

Diameter 
(ft)

Flow 
(Out 
net) 

(gpm)

Hydraulic 
Grade 

(ft)

188 207 Tank True 157 157 198 207 41.30 938.79 198
189 460 Tank True 442 442 462 469 19.00 :75.69 462
190 232 Tank True 208 208 230 232 84.20 78.57 230
191 Proposed 460 Tank False 442 442 462 469 19.00 (N/A) (N/A)
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Scenario: 2030 PHD 
Current Time Step: 0.000Hr 
FlexTable: Pump Table 
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ID Label
Elevation 

(ft)
Pump 

Definition
Status 
(Initial)

Hydraulic 
Grade 

(Suction) 
(ft)

Hydraulic 
Grade 

(Discharge) 
(ft)

Flow 
(Total) 
(gpm)

Pump 
Head 

(ft)

226 207/232 Large 1 156 207/232 Large Off 198 240 0.00 0.00
230 207/232 Large 2 156 207/232 Large On 198 240 465.83 42.64
198 207/232 Small 156 207/232 Small On 198 240 367.58 42.47
210 207/327 Large 156 207/327 Large Off 198 327 0.00 0.00
214 207/327 Small 1 156 207/327 Small On 198 327 203.70 129.35
206 207/327 Small 2 156 207/327 Small On 198 327 203.66 129.40
994 232/460 Pump 1 103 232/460 Off 221 472 0.00 0.00
999 232/460 Pump 2 103 232/460 On 220 472 166.84 251.48
202 460/460+ 440 460/460+ On 461 535 143.85 73.86

1160 WTP Pump 1 108 WTP to 207 On 139 264 229.75 124.60
1161 WTP Pump 2 108 WTP to 207 On 139 264 228.44 124.71
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Project Inventory: fh model 20101214.wtg

Title

Engineer

Company

10/20/2009Date

Notes

Scenario Summary

1091ID

2030 MDD + FFLabel

Notes

Existing 2009Active Topology

Peace Health DiametersPhysical

2030 MDDDemand

2030 MDD + FFInitial Settings

<I> BaseOperational

<I> BaseAge

<I> BaseConstituent

<I> BaseTrace

<I> BaseFire Flow

<I> BaseFlushing

<I> BaseEnergy Cost

<I> BaseTransient

<I> BasePressure Dependent Demand

<I> Base Failure HistoryFailure History

<I> BaseUser Data Extensions

<I> MDD - Fireflow
Steady State/EPS Solver Calculation
Options

<I> Base Calculation OptionsTransient Solver Calculation Options

Network Inventory

385Pipes
11

-Constant Speed - No Pump
Curve

308Junctions
0

-Constant Speed - Pump
Curve

0Hydrants 0-Shut Down After Time Delay

4Tanks 0-Variable Speed/Torque

4-Circular
0

-Pump Start - Variable
Speed/Torque

0-Non-Circular
0

Variable Speed Pump
Batteries

0-Variable Area 0Pump Stations

1Reservoirs 5PRV's

11Pumps 3PSV's

1-Constant Power 0PBV's

0-Custom Extended 1FCV's

8-Design Point (1 Point) 0TCV's

0-Multiple Point 0GPV's

2-Standard (3 Point) 0Isolation Valves

0-Standard Extended 0Spot Elevations

Transient Network Inventory
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Transient Network Inventory

0Air Valves 0Rupture Disks

0-Double Acting 0Surge Valves

0-Slow Closing 0Surge Tanks

0-Triple Acting 0-Simple

0-Vacuum Breaker 0-Differential

0Discharges to Atmosphere 0-Variable Area

0Orifice 0Turbines

0Rating Curve
0

Valves With Linear Area
Change

0Valve 0Periodic Head-Flows

0Check Valves 0-Sinusoidal (Head)

0-Towards Wye 0-Not Sinusoidal (Head)

0-Away from Wye 0-Sinusoidal (Flow)

0Hydropneumatic Tanks 0-Not Sinusoidal (Flow)

0Orifices Between Pipes

Pressure Pipes Inventory

ft3,309.512 (in) ft64,940.908 (in)

ft8,579.484 (in) ft26,016.3612 (in)

ft83,844.296 (in) ft186,690.55All Diameters
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Scenario: 2030 MDD + FF 
Current Time Step: 0.000Hr 
Fire Flow Node FlexTable: Fire Flow Report 

Label Zone
Fire Flow 
Iterations

Satisfies 
Fire Flow 

Constraints?

Specify 
Local Fire 

Flow 
Constraints?

Fire Flow 
(Needed) 

(gpm)

Fire Flow 
(Available) 

(gpm)

Pressure 
(Zone 
Lower 
Limit) 
(psi)

Pressure 
(Calculated 

Zone 
Lower 

Limit) (psi)

Junction 
w/ 

Minimum 
Pressure 
(Zone)

J%251 <None> (N/A) (N/A) True 750.00 (N/A) 0.0 (N/A) (N/A)
119 460/460+ 7 True False 500.00 1,149.18 20.0 20.0 120
J%159 460/460+ 14 True True 0.00 106.06 0.0 33.1 J%156
J%160 460/460+ 11 True False 500.00 1,306.06 20.0 20.0 J%161
J%161 460/460+ 3 True True 0.00 87.56 0.0 33.0 J%156
J%162 460/460+ 6 True False 500.00 1,163.07 20.0 20.0 J%161
135 460/460+ 6 True False 500.00 1,043.26 20.0 20.0 J%156
J%164 460/460+ 4 True True 0.00 130.88 0.0 29.0 J%242
J%165 460/460+ 5 True False 500.00 1,116.77 20.0 20.0 120
J%166 460/460+ 3 True True 0.00 181.95 0.0 32.4 J%243
127 460/460+ 15 True True 0.00 175.34 20.0 32.9 J%156
120 460/460+ 4 True False 500.00 806.35 20.0 29.5 J%156
J%157 460/460+ 9 True False 500.00 1,101.33 20.0 22.8 J%158
136 460/460+ 15 True True 0.00 158.80 20.0 32.2 J%156
J%156 460/460+ 4 True False 500.00 891.47 20.0 20.0 J%243
122 460/460+ 8 True False 500.00 1,382.04 20.0 20.0 J%156
J%86 460/460+ 6 True False 500.00 1,101.50 20.0 20.0 120
J%87 460/460+ 7 True False 500.00 1,092.94 20.0 20.0 120
133 460/460+ 11 False False 500.00 215.17 20.0 20.0 J%164
125 460/460+ 8 True False 500.00 995.12 20.0 29.4 J%161
105 460/460+ 6 True False 500.00 1,056.00 20.0 20.0 120
137 460/460+ 7 True False 500.00 1,169.48 20.0 20.0 J%243
130 460/460+ 4 True False 500.00 1,341.73 20.0 28.5 J%161
131 460/460+ 16 True True 0.00 85.27 20.0 20.5 139
112 460/460+ (N/A) (N/A) False 500.00 (N/A) 20.0 (N/A) (N/A)
118 460/460+ 7 True False 500.00 1,056.23 20.0 20.0 120
121 460/460+ 6 True False 500.00 1,222.95 20.0 20.0 120
138 460/460+ 3 True True 0.00 181.75 20.0 32.4 J%156
J%242 460/460+ 5 True True 0.00 163.16 20.0 20.0 J%164
J%88 460/460+ 8 True False 500.00 1,400.03 20.0 20.0 J%156
123 460/460+ 6 True False 500.00 1,261.62 20.0 20.0 138
J%243 460/460+ 15 True True 0.00 151.57 0.0 32.2 J%156
J%244 460/460+ 22 False False 500.00 215.35 20.0 20.0 J%242
J%158 460/460+ 8 True False 500.00 1,124.48 20.0 26.4 J%161
J%245 460/460+ 22 True True 0.00 215.18 20.0 20.0 J%242
139 460/460+ 3 True True 0.00 85.86 20.0 33.2 J%156
128 460/460+ 6 True False 500.00 1,216.93 20.0 20.0 J%161
124 460/460+ 6 True False 500.00 1,361.77 20.0 20.0 J%161
126 460/460+ 5 True False 500.00 1,270.99 20.0 20.0 J%161
J%227 207 13 False True 1,000.00 666.02 0.0 35.9 J%247
J%248 207 14 True False 500.00 810.75 20.0 34.5 J%249
J%249 207 13 True False 500.00 727.15 20.0 35.9 J%247
J%247 207 9 True False 500.00 2,419.84 20.0 27.5 J%230
J%230 207 12 True True 0.00 655.98 0.0 35.9 J%247
58 232 3 True False 500.00 1,155.30 20.0 21.0 J%80
29 232 21 True False 500.00 1,308.82 20.0 20.0 23
83 232 29 True False 500.00 1,520.38 20.0 20.0 23
104 232 16 True True 750.00 1,742.34 20.0 20.0 35
18 232 32 True True 750.00 1,608.02 20.0 20.0 J%217
32 232 7 True False 500.00 1,099.25 20.0 20.0 23
25 232 6 True True 750.00 1,835.43 20.0 20.0 23
30 232 7 True False 500.00 1,058.38 20.0 20.0 23
7 232 5 True True 750.00 2,559.56 20.0 20.0 23
94 232 5 True True 1,000.00 2,630.89 20.0 20.0 23
49 232 5 True True 1,000.00 1,704.80 20.0 20.0 J%80
90 232 4 True False 500.00 2,154.31 20.0 21.5 23
J%35 232 6 True True 750.00 2,304.39 20.0 20.0 23
J%27 232 9 True False 500.00 1,762.57 20.0 20.4 J%28
J%28 232 10 True False 500.00 1,510.55 20.0 21.7 J%29
J%29 232 4 True False 500.00 1,311.08 20.0 24.9 23
J%30 232 12 True False 500.00 1,880.39 20.0 20.0 23
J%31 232 23 True True 750.00 1,632.99 20.0 20.0 23
J%32 232 21 True True 750.00 1,633.00 20.0 20.0 23
J%3 232 12 True False 500.00 714.82 20.0 20.0 23
J%34 232 6 True False 500.00 2,240.62 20.0 20.0 23
J%23 232 23 True False 500.00 1,505.88 20.0 20.0 23
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J%36 232 4 True False 500.00 1,767.29 20.0 24.2 23
J%37 232 6 True True 750.00 2,365.20 20.0 20.0 23
J%38 232 4 True True 750.00 1,835.74 20.0 24.1 23
J%39 232 6 True True 750.00 2,365.05 20.0 20.0 23
J%41 232 6 True True 750.00 1,929.93 20.0 20.0 23
J%42 232 3 True True 0.00 311.26 0.0 28.9 J%80
J%43 232 6 True True 1,000.00 2,530.41 20.0 20.0 23
J%33 232 6 True False 500.00 2,240.62 20.0 20.0 23
J%13 232 4 True False 500.00 1,338.72 20.0 21.5 J%80
101 232 16 True False 500.00 1,251.99 20.0 20.0 J%80
J%1 232 12 True True 750.00 762.53 20.0 20.0 23
J%2 232 7 True False 500.00 788.95 20.0 20.0 23
22 232 30 True False 500.00 1,231.88 20.0 20.0 23
J%4 232 5 True True 750.00 2,147.09 20.0 20.0 23
J%5 232 3 True True 0.00 348.86 0.0 28.8 J%80
J%6 232 5 True True 750.00 2,147.47 20.0 20.0 23
J%26 232 6 True False 500.00 1,880.40 20.0 20.0 23
J%12 232 4 True False 500.00 1,358.34 20.0 21.3 J%80
J%24 232 29 True False 500.00 1,495.88 20.0 20.0 23
J%14 232 4 True False 500.00 1,383.25 20.0 20.6 J%13
J%15 232 23 True False 500.00 1,467.38 20.0 20.0 J%13
J%16 232 23 True False 500.00 1,497.62 20.0 20.0 J%80
J%17 232 8 True False 500.00 1,498.26 20.0 20.0 J%80
J%19 232 12 False True 750.00 732.97 20.0 20.0 23
J%22 232 11 True False 500.00 1,514.21 20.0 20.1 23
100 232 6 True False 500.00 1,336.86 20.0 20.0 J%80
J%11 232 8 True False 500.00 1,498.19 20.0 20.0 J%80
33 232 4 True True 750.00 2,424.91 20.0 20.0 23
35 232 3 True True 750.00 890.01 20.0 27.9 J%80
24 232 5 True False 500.00 690.35 20.0 20.0 23
51 232 7 True True 1,000.00 1,405.29 20.0 20.0 J%80
93 232 6 True False 500.00 2,352.79 20.0 20.0 23
73 232 7 True False 500.00 715.40 20.0 20.0 23
16 232 4 True True 750.00 2,182.02 20.0 21.5 23
11 232 4 True True 750.00 2,173.38 20.0 20.0 23
9 232 5 True True 750.00 2,218.04 20.0 20.0 23
59 232 15 True True 750.00 1,031.27 20.0 20.0 J%80
97 232 3 True True 750.00 1,303.80 20.0 26.2 23
48 232 17 True True 1,000.00 2,194.91 20.0 20.0 J%80
86 232 8 True False 500.00 2,338.70 20.0 20.0 23
80 232 7 True False 500.00 690.35 20.0 20.0 23
45 232 5 True True 1,000.00 1,834.50 20.0 20.0 J%80
5 232 3 True True 1,000.00 3,000.00 20.0 22.5 23
37 232 4 True True 750.00 2,591.58 20.0 20.0 J%80
57 232 8 True True 1,000.00 1,555.81 20.0 20.0 J%80
46 232 7 True True 750.00 1,910.30 20.0 20.0 J%80
2 232 4 True True 1,000.00 2,497.90 20.0 20.0 23
96 232 3 True True 1,000.00 3,000.00 20.0 22.2 23
55 232 3 True False 500.00 1,104.94 20.0 21.8 J%80
44 232 5 True True 750.00 2,196.21 20.0 20.0 J%80
13 232 3 True True 750.00 1,450.90 20.0 21.7 98
60 232 7 True True 750.00 1,031.66 20.0 20.0 J%80
75 232 6 True False 500.00 1,600.11 20.0 20.0 23
31 232 12 False True 750.00 727.25 20.0 20.0 23
26 232 6 True True 750.00 2,013.20 20.0 20.0 23
20 232 7 True True 750.00 944.13 20.0 20.0 J%217
53 232 3 True False 500.00 1,170.95 20.0 21.4 J%80
91 232 6 True False 500.00 2,340.82 20.0 20.0 23
95 232 21 True True 1,000.00 2,789.58 20.0 20.0 23
66 232 5 False True 750.00 699.72 20.0 20.0 J%201
21 232 4 True False 500.00 1,019.65 20.0 20.9 23
52 232 6 True False 500.00 1,459.62 20.0 20.0 J%80
J%44 232 4 True True 1,000.00 1,908.96 20.0 23.9 J%45
74 232 5 True True 1,000.00 1,943.52 20.0 20.0 J%80
98 232 3 True True 750.00 1,293.79 20.0 26.3 23
34 232 5 True True 750.00 1,246.14 20.0 20.0 35
19 232 7 True True 750.00 969.80 20.0 20.0 J%217
27 232 6 True True 750.00 1,759.62 20.0 20.0 23
36 232 4 True True 750.00 2,528.72 20.0 20.0 J%80
56 232 7 True False 500.00 1,312.37 20.0 20.0 J%80
50 232 12 True True 1,000.00 1,352.20 20.0 20.0 J%80
92 232 4 True False 500.00 2,145.48 20.0 21.6 23
72 232 30 True False 500.00 1,466.01 20.0 20.0 23
8 232 4 True True 750.00 2,395.74 20.0 20.0 23
10 232 4 True True 750.00 2,270.69 20.0 20.0 23
89 232 8 True False 500.00 2,339.68 20.0 20.0 23
1 232 5 True True 1,000.00 2,627.83 20.0 20.0 23
12 232 5 True True 750.00 2,155.20 20.0 20.0 23
4 232 6 True False 500.00 2,236.38 20.0 20.0 23
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232 12 False True 750.00 743.41 20.0 20.0 23
88 232 6 True False 500.00 2,337.22 20.0 20.0 23
39 232 2 True True 750.00 3,000.00 20.0 22.2 J%80
28 232 21 True True 750.00 1,683.05 20.0 20.0 23
J%51 232 6 True True 1,000.00 2,615.76 20.0 20.0 23
85 232 6 True False 500.00 2,258.51 20.0 20.0 23
23 232 4 True False 500.00 690.35 20.0 28.4 J%80
54 232 14 True False 500.00 1,132.71 20.0 20.0 J%80
47 232 7 True True 1,000.00 1,868.21 20.0 20.0 J%80
87 232 6 True False 500.00 2,336.94 20.0 20.0 23
76 232 14 True False 500.00 1,226.23 20.0 20.0 J%80
14 232 5 True True 750.00 2,240.88 20.0 20.0 23
82 232 7 True False 500.00 969.80 20.0 20.0 J%217
6 232 3 True True 1,000.00 3,000.00 20.0 23.2 23
J%149 232 5 True True 750.00 2,664.78 20.0 20.0 23
J%127 232 2 True True 750.00 3,000.00 20.0 22.0 J%80
J%187 232 6 True False 500.00 1,206.59 20.0 20.0 J%185
J%186 232 6 True False 500.00 1,143.95 20.0 20.0 J%185
J%185 232 4 True False 500.00 970.66 20.0 28.2 23
J%184 232 6 True False 500.00 1,115.24 20.0 20.0 J%185
J%183 232 21 True False 500.00 1,290.69 20.0 20.0 J%185
J%182 232 6 True False 500.00 2,180.32 20.0 20.0 J%185
J%181 232 6 True True 1,000.00 2,180.29 20.0 20.0 J%185
J%180 232 7 True False 500.00 2,034.25 20.0 20.0 J%185
J%176 232 3 True True 1,000.00 1,112.19 20.0 28.8 J%80
J%175 232 6 True True 1,000.00 1,488.75 20.0 20.0 J%176
J%174 232 7 True False 500.00 2,233.54 20.0 20.0 J%185
J%173 232 4 True False 500.00 1,701.56 20.0 23.4 J%176
J%190 232 21 True False 500.00 1,343.90 20.0 20.0 J%185
J%137 232 3 True True 0.00 148.59 0.0 29.2 J%80
J%128 232 3 True False 500.00 527.52 20.0 28.4 J%80
J%129 232 11 True True 750.00 977.29 20.0 27.9 J%80
J%130 232 6 True True 750.00 1,699.52 20.0 20.0 J%129
J%131 232 4 True True 750.00 2,753.11 20.0 20.0 J%80
J%133 232 5 True True 1,000.00 2,422.77 20.0 20.0 23
J%152 232 5 True True 750.00 2,380.18 20.0 20.0 23
J%136 232 3 True True 750.00 3,000.00 20.0 22.2 J%80
J%151 232 16 True True 750.00 1,742.34 20.0 20.0 35
J%45 232 4 True True 1,000.00 2,030.59 20.0 24.1 23
J%143 232 3 True True 750.00 857.26 20.0 28.3 J%80
J%49 232 6 True True 1,000.00 2,592.32 20.0 20.0 23
J%146 232 5 True True 750.00 2,052.54 20.0 20.0 J%80
J%147 232 7 True True 750.00 2,052.56 20.0 20.0 J%80
J%191 232 6 True False 500.00 921.48 20.0 20.0 J%194
J%134 232 5 True True 1,000.00 2,498.91 20.0 20.0 23
J%206 232 3 False False 500.00 479.77 20.0 21.7 J%205
J%233 232 6 True True 1,000.00 2,628.00 20.0 20.0 23
J%226 232 4 True True 750.00 2,398.62 20.0 20.0 23
J%224 232 3 True True 1,000.00 3,000.00 20.0 23.0 23
J%221 232 6 False True 750.00 608.91 20.0 20.0 J%80
J%219 232 5 True True 750.00 920.78 20.0 20.0 J%217
J%218 232 6 True True 750.00 861.83 20.0 20.0 J%217
J%217 232 4 True False 500.00 787.61 20.0 25.8 23
J%216 232 3 True False 500.00 1,015.41 20.0 28.4 J%80
J%215 232 5 True False 500.00 563.52 20.0 20.0 J%201
J%214 232 2 True False 500.00 504.10 20.0 22.7 J%212
J%213 232 19 True False 500.00 516.43 20.0 20.0 J%214
J%212 232 3 True False 500.00 507.41 20.0 21.6 J%214
J%211 232 19 True False 500.00 516.43 20.0 20.0 J%214
J%188 232 7 True False 500.00 2,030.68 20.0 20.0 J%185
J%200 232 5 True False 500.00 566.69 20.0 20.0 J%201
J%193 232 5 True False 500.00 572.99 20.0 20.0 J%194
J%194 232 3 False False 500.00 494.50 20.0 28.8 J%80
J%195 232 5 True False 500.00 546.25 20.0 20.0 J%194
J%196 232 5 True False 500.00 576.76 20.0 20.0 J%194
J%197 232 5 True False 500.00 584.53 20.0 20.0 J%194
J%208 232 3 True False 500.00 513.88 20.0 20.0 J%206
J%199 232 5 True False 500.00 590.09 20.0 20.0 J%201
J%207 232 5 True False 500.00 513.88 20.0 20.0 J%206
J%201 232 3 True False 500.00 536.13 20.0 27.1 23
J%202 232 5 True False 500.00 563.50 20.0 20.0 J%201
J%203 232 5 True False 500.00 624.09 20.0 20.0 J%201
J%204 232 5 True False 500.00 516.78 20.0 20.0 J%214
J%205 232 3 False False 500.00 469.76 20.0 22.1 J%206
J%141 232 5 True True 1,000.00 2,579.65 20.0 20.0 23
J%198 232 7 True False 500.00 621.26 20.0 20.0 J%194
J%84 232 12 False True 750.00 402.54 20.0 20.0 J%85
J%73 232 14 True True 750.00 882.91 20.0 20.0 J%80
J%74 232 12 True True 750.00 882.61 20.0 20.0 J%80

J%75
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232 6 True True 750.00 883.32 20.0 20.0 J%80
J%77 232 14 True False 500.00 988.52 20.0 20.0 J%80
J%78 232 3 False True 750.00 502.11 20.0 22.3 J%80
J%79 232 6 False True 750.00 570.00 20.0 20.0 J%80
J%98 232 7 True False 500.00 1,459.59 20.0 20.0 J%80
J%83 232 13 False True 750.00 434.23 20.0 20.0 J%85
J%70 232 13 True False 500.00 1,003.56 20.0 20.0 J%80
J%85 232 11 False True 750.00 379.90 20.0 25.8 J%84
J%89 232 6 True True 1,000.00 2,240.44 20.0 20.0 J%185
J%145 232 5 True True 750.00 2,676.86 20.0 20.0 23
J%91 232 6 True False 500.00 2,038.39 20.0 20.0 J%185
J%94 232 7 True False 500.00 1,383.83 20.0 20.0 J%80
J%95 232 7 True False 500.00 1,459.59 20.0 20.0 J%80
J%96 232 7 True False 500.00 1,459.60 20.0 20.0 J%80
J%80 232 4 False True 750.00 534.48 20.0 29.1 J%79
J%60 232 4 True True 750.00 2,598.63 20.0 20.0 J%80
J%46 232 4 True True 1,000.00 2,033.74 20.0 22.3 J%47
J%47 232 4 True True 1,000.00 1,843.17 20.0 23.8 23
J%48 232 6 True True 1,000.00 2,098.81 20.0 20.0 J%47
78 232 12 False True 750.00 731.52 20.0 20.0 23
J%50 232 5 True True 1,000.00 2,591.94 20.0 20.0 23
J%52 232 5 True True 1,000.00 2,615.73 20.0 20.0 23
J%53 232 5 True True 1,000.00 2,977.93 20.0 20.0 23
J%72 232 12 False True 750.00 608.32 20.0 20.0 J%80
J%55 232 3 True True 1,000.00 3,000.00 20.0 22.5 23
J%71 232 15 True False 500.00 1,003.68 20.0 20.0 J%80
J%61 232 5 True True 750.00 2,151.07 20.0 20.0 J%80
J%62 232 12 True True 1,000.00 1,323.81 20.0 20.0 J%80
J%63 232 14 True False 500.00 1,072.02 20.0 20.0 J%80
J%67 232 14 True False 500.00 1,167.09 20.0 20.0 J%80
J%68 232 15 True False 500.00 1,117.20 20.0 20.0 J%80
J%69 232 15 True False 500.00 1,083.86 20.0 20.0 J%80
J%92 232 6 True True 1,000.00 2,092.03 20.0 20.0 J%185
J%54 232 4 True False 500.00 3,000.00 20.0 21.3 23
J%100 232 7 True False 500.00 1,459.60 20.0 20.0 J%80
J%90 232 6 True False 500.00 2,165.30 20.0 20.0 J%185
J%113 232 5 True True 750.00 1,995.87 20.0 20.0 J%80
J%110 232 7 True False 500.00 1,459.61 20.0 20.0 J%80
J%101 232 6 True False 500.00 1,383.85 20.0 20.0 J%80
J%114 232 5 True True 750.00 1,947.71 20.0 20.0 J%80
J%112 232 6 True True 750.00 1,979.21 20.0 20.0 J%80
J%111 232 6 True True 750.00 1,971.55 20.0 20.0 J%80
J%104 232 7 True False 500.00 1,459.60 20.0 20.0 J%80
J%121 232 4 True True 750.00 1,659.76 20.0 29.5 J%80
J%106 232 7 True False 500.00 1,459.60 20.0 20.0 J%80
J%109 232 8 True True 1,000.00 1,555.78 20.0 20.0 J%80
J%99 232 7 True False 500.00 1,459.60 20.0 20.0 J%80
J%117 232 5 True True 1,000.00 2,238.40 20.0 20.0 J%80
J%116 327 5 True False 500.00 593.47 20.0 20.0 J%115
68 327 27 True False 500.00 1,588.47 20.0 20.0 J%115
J%115 327 3 False False 500.00 456.99 20.0 27.9 J%116
J%59 327 2 True False 500.00 514.48 20.0 20.0 42
43 327 21 True True 1,000.00 1,645.23 20.0 20.0 J%115
J%118 327 19 True False 500.00 532.16 20.0 20.0 42
J%119 327 5 True False 500.00 532.39 20.0 20.0 42
J%222 327 3 True True 1,000.00 1,364.89 20.0 23.7 J%115
41 327 9 True False 500.00 1,124.82 20.0 20.0 J%115
J%122 327 9 True False 500.00 1,236.44 20.0 20.0 J%115
J%246 327 5 True False 500.00 897.37 20.0 20.0 42
42 327 17 False False 500.00 482.30 20.0 22.5 J%59
108 327 7 True False 500.00 886.10 20.0 20.0 J%115
111 327 5 True False 500.00 885.94 20.0 20.0 J%115
J%124 327 9 True False 500.00 1,244.28 20.0 20.0 J%115
67 327 26 True False 500.00 1,587.66 20.0 20.0 J%115
109 327 7 True False 500.00 886.10 20.0 20.0 J%115
40 327 9 True False 500.00 1,392.92 20.0 20.0 J%115
106 327 7 True False 500.00 885.99 20.0 20.0 J%115
110 327 7 True False 500.00 886.13 20.0 20.0 J%115
J%120 no service 1 False False 500.00 0.00 20.0 12.1 J%155
132 no service 1 False True 0.00 0.00 20.0 12.1 J%155
J%232 no service 1 False False 500.00 0.00 20.0 12.1 J%155
J%155 no service 1 False False 500.00 0.00 20.0 14.1 J%163
J%163 no service 1 False False 500.00 0.00 20.0 12.1 J%155
J%154 no service 1 False False 500.00 0.00 20.0 12.1 J%155
J%81 known problem 1 False True 750.00 0.00 20.0 19.1 J%81
J%168 327 Weber Way 14 True True 1,000.00 1,301.97 20.0 20.0 J%172
J%171 327 Weber Way 22 False True 1,000.00 279.35 20.0 60.0 J%172
J%172 327 Weber Way 18 False True 1,000.00 309.93 20.0 62.6 J%178
J%177 327 Weber Way 8 False True 1,000.00 897.99 20.0 20.0 J%172

J%178
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327 Weber Way 20 False True 1,000.00 101.61 20.0 63.0 J%172
J%169 327 Weber Way 8 True True 1,000.00 1,301.97 20.0 20.0 J%172
J%235 327 Weber Way 23 True True 1,000.00 2,147.33 0.0 0.0 J%172
J%239 327 Weber Way 21 False True 1,000.00 270.00 20.0 56.9 J%172
J%179 327 Weber Way 8 False True 1,000.00 892.60 20.0 20.0 J%172
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Scenario: 2030 MDD + FF 
Current Time Step: 0.000Hr 
FlexTable: Tank Table 
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ID Label
Is 

Active?

Elevation 
(Base) 

(ft)

Elevation 
(Minimum) 

(ft)

Elevation 
(Initial) 

(ft)

Elevation 
(Maximum) 

(ft)

Diameter 
(ft)

Flow 
(Out 
net) 

(gpm)

Hydraulic 
Grade 

(ft)

188 207 Tank True 157 157 203 207 41.30 1,196.05 203
189 460 Tank True 442 442 458 469 19.00 ;256.98 458
190 232 Tank True 208 208 228 232 84.20 ;577.82 228
191 Proposed 460 Tank False 442 442 458 469 19.00 (N/A) (N/A)
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Scenario: 2030 MDD + FF 
Current Time Step: 0.000Hr 
FlexTable: Pump Table 
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ID Label
Elevation 

(ft)
Pump 

Definition
Status 
(Initial)

Hydraulic 
Grade 

(Suction) 
(ft)

Hydraulic 
Grade 

(Discharge) 
(ft)

Flow 
(Total) 
(gpm)

Pump 
Head (ft)

226 207/232 Large 1 156 207/232 Large Off 203 242 0.00 0.00
230 207/232 Large 2 156 207/232 Large On 202 243 481.90 40.48
198 207/232 Small 156 207/232 Small On 202 243 389.42 40.32
210 207/327 Large 156 207/327 Large On 201 332 1,205.53 130.96
214 207/327 Small 1 156 207/327 Small On 202 328 207.57 125.10
206 207/327 Small 2 156 207/327 Small On 202 328 207.53 125.15
994 232/460 Pump 1 103 232/460 Off 222 470 0.00 0.00
999 232/460 Pump 2 103 232/460 On 222 470 168.23 247.55
202 460/460+ 440 460/460+ On 457 535 137.61 77.11

1160 WTP Pump 1 108 WTP to 207 On 139 264 229.61 124.61
1161 WTP Pump 2 108 WTP to 207 On 139 264 228.29 124.73
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Appendix L: WTP O&M Manual 
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General 
Certain organic compounds present in drinking water supplies can combine with water disinfection 
chemicals to form disinfection by-product (DBP) contaminants, including trihalomethanes (THMs) 
and haloacetic acids (HAAs). The Calgon Granular Activated Carbon (GAC) Adsorption System was 
installed at the Town of Friday Harbor Water Treatment Facility in June 2011 to reduce 
concentrations of total organic carbon (TOC) in the filtered water, reduce subsequent DBP formation 
consistent with associated water quality regulatory limits, and improve water aesthetic quality.  

This manual provides general information on overall operation of the GAC Adsorption System in 
relation to the Town’s water treatment and supply system as a whole, and operational information 
that pertains specifically to the Town water treatment facility. For specific and detailed information 
on operation and maintenance of the GAC Adsorption System, refer to the Calgon Operation and 
Maintenance (O&M) Manual, which was provided in both bound hard-copy and electronic (PDF file) 
formats with the system.  

Safety 
Refer to all Town of Friday Harbor safety documents and requirements. 

See safety information in Calgon Operation and Maintenance Manual. 

 
WARNING!   A hazardous low-oxygen condition could exist inside the GAC vessels. Activated carbon 

absorbs oxygen. See warning information in the Calgon Operation and Maintenance Manual. 

Process Overview 
The GAC Adsorption System includes two treatment vessel tanks, each containing 20,000 pounds of 
GAC. Connecting piping and valves allow the two GAC vessels to be operated in series, parallel, or 
individually. The system is installed in the GAC Building downstream of the sand filter process to 
remove TOC (DBP precursors) from the filtered water. For details on the adsorption process, refer to 
Section 6 of the Calgon O&M Manual. 

Water from the sand filters is pumped directly through the GAC Adsorption System to the clearwell. 
The water enters each GAC vessel at the top and exits through nozzles at the bottom. Chlorine is 
injected downstream of the GAC Adsorption System to provide water disinfection in the clearwell. Any 
chlorine injected upstream of the GAC Adsorption System is removed by the carbon and reduces the 
life of the carbon. 

As the water is treated, the GAC Adsorption System is subject to accumulations within the GAC media 
via adsorption, physical filtration of suspended solids, and biological activity. These processes are 
discussed in detail in the Calgon O&M Manual. 

Adsorption is the process by which certain types of molecules (including TOC) are adsorbed into 
small pores and active sites within the carbon. Adsorption saturates and exhausts the active 
adsorption sites of the carbon; however, it does not generally cause increased pressure drop through 
the system. Physical filtration of suspended solids of size greater than 10 microns generally occurs 
within the top few inches of the carbon media and causes an increase in system pressure drop. 
Biological growth can also occur within the GAC media and form a slime layer in the top few inches of 
the media. Such growth can also cause an increase in system pressure drop. Backwashing removes 
the trapped suspended solids and biological slime layer, restoring the pressure drop to lower values. 
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The rate of adsorption is affected by several factors including temperature, concentrations of 
adsorbable contaminants, flow rate, and pH. Refer to the Calgon O&M Manual for more information 
on adsorption factors. 

Connections to Other Plant Processes 
There are four interconnections between the GAC Adsorption System and other water treatment 
plant processes: filtered water inlet to the GAC, treated water outlet from the GAC, backwash inlet, 
and drain. These connections can be seen on the schematic included as Figure A-2 in Appendix A. 

Inlet and Outlet 

The filtered water inlet and treated water outlet are connected to the riser at the south end of the 
sand filter discharge manifold. A bypass valve is located between the inlet and outlet valves. A photo 
of the valves at this location is shown in Figure 1. To put the GAC Adsorption System in operation, the 
inlet and outlet valves are OPEN and the bypass valve is CLOSED. To take the GAC Adsorption 
System offline, the inlet and outlet valves are CLOSED, and the bypass valve is OPEN. Note: The GAC 
Adsorption System does not need to be taken offline for backwashing. Refer to the Calgon O&M 
Manual for detailed instructions on backwashing one absorption unit while the other unit remains in 
service. 

Backwash Inlet 

The backwash connection is at the top of the 8-inch backwash supply riser in the Filter Building, 
south of the filters. The backwash supply valve at this connection is OPEN for backwashing and 
CLOSED at all other times. This connection and valve are shown in Figure 1. 

Drain 

The drain from the GAC Adsorption System is connected to the 16-inch drain from the sand filter 
backwash system. This drain discharges to the backwash pond. An air gap is provided between the 
GAC Adsorption System piping and the drain riser. 
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Figure 1.  GAC Adsorption System Connections and Valves in Filter Building 
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Operating Modes 
The two GAC Adsorption System vessels can be operated in three modes: lead-lag (series), parallel, 
and single unit. The normal mode is lead-lag (series); however, there are occasions when one of the 
other modes is necessary. For detailed drawings showing the valve settings to operate in each mode, 
refer to Section 8 of the Calgon O&M Manual. A table summarizing the valve positions for each mode 
is presented in Section 3.6 of the O&M Manual. 

Lead-Lag (Series) 

This is the mode that is normally used, with the two GAC vessels operating sequentially in series 
service. Either vessel can serve as the upstream lead; the other serves as the downstream lag. The 
media in the lead vessel will be exhausted and require replacement first. After media replacement, 
the lead-lag functions should be reversed and the vessel that was the lag vessel becomes the lead 
vessel. Note that while media is being replaced in one vessel, the other vessel can continue to 
operate. 

The total pressure drop through the GAC Adsorption System is greatest when operating in lead-lag 
(series) mode. During periods of very high flow demand (typically greater than 500 gallons per 
minute [gpm]), the pressure loss may reach the limit of the filter effluent pump capacity. If greater 
flow is necessary, switching to the parallel mode operation can reduce the pressure loss by a factor 
of about 4, allowing much greater throughput. However, TOC removal performance is also reduced. 

Parallel 

In parallel mode, both GAC vessels operate in parallel, with flows split between the two. Thus, each 
vessel receives only half the total system flow, resulting in a pressure loss about one fourth as great 
as for series operation. However, TOC removal efficiency is generally reduced when operating in 
parallel mode, especially if the GAC in one vessel is nearly exhausted. This mode is generally used 
only if flow demand is greater than can be accommodated by the sand filter effluent pumps given the 
pressure drop through the GAC Adsorption System when operating in series mode. 

Single Unit 

All flow can be directed through a single GAC unit if necessary. This mode is used when one vessel is 
taken offline for backwashing, media replacement, or other maintenance. Operating with a single 
GAC vessel reduces the TOC removal efficiency. 

Monitoring 
Consistent and regular monitoring of the GAC Adsorption System performance is important in 
maintaining efficient operation and avoiding treatment performance problems. The typical 
parameters to monitor include system pressures, differential pressures (DP), ultraviolet (UV) 
transmittance, TOC concentrations, and pH. These parameters should be tracked in a spreadsheet 
or other format that allows trends to be observed. 

The recommended monitoring parameters along with locations and frequencies for sampling are 
presented in the table below. Frequencies can be variable, depending on judgment and experience 
of the operator, and operating conditions. For example, pH should be monitored frequently 
immediately after GAC media replacement, but as the pH stabilizes, monitoring frequency can be 
reduced. 
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Table 1. Monitoring Parameters 

Parameter Location Frequency Comments 
System pressures and flow Influent, effluent, inter-

vessel 
Daily Differences between pressures should agree 

approximately with DP gauges. Always maintain positive 
effluent pressure to prevent air intake. 

Vessel differential pressure 
and flow 

Each vessel Daily Pressure switch allows alarming of high DP. Most 
increases in DP over time should be observed in the lead 
vessel. Because DP is a function of flow rate, always 
record flow rate along with DP. 

UV transmittance Influent, mid-bed, 
effluent 

Every 1–2 days Concentrate in area near mass transfer zone, which will 
migrate downstream over time. See Section 6.2 of the 
Calgon O&M Manual for information on the mass 
transfer zone. 

TOC Effluent Weekly Check correlation with UV transmittance. 

pH Effluent Daily at first, 
then weekly 

Reduce frequency when pH drops to stable value. 

 

Backwashing 
The backwashing procedure consists of pumping clean water backward through a GAC vessel to 
remove accumulated solids. 

When to Backwash 

Backwashing is performed in the following two situations: 

When new media has been installed. 

When pressure drop across a vessel becomes excessive due to accumulation of solids and/or 
biofouling. Note: Pressure drop is proportional to the square of the flow rate and must be monitored 
and evaluated in terms of flow rate. A good indicator of excessive pressure drop is when the drop 
across the lead vessel is substantially greater than the drop across the lag vessel. A loss of 15 
pounds per square inch (psi) through one vessel at maximum flow is generally indicative of the need 
to backwash. The loss through a single vessel should never be allowed to exceed 20 psi. 

Backwash Flow Rate: Standard Determination 

GAC backwashing requires strict adherence to proper procedures to accomplish effective removal of 
accumulated solids and to avoid damage to the internal GAC vessel structures/equipment, improper 
classifying of the media, and excessive loss of media. The procedures outlined in Section 3.4 of the 
Calgon O&M Manual should be reviewed and followed carefully. The backwash flow rate should be 
controlled to provide a bed expansion of 25 percent. The flow rate required to attain this level of 
expansion depends on water temperature as well as other factors, as discussed in the Calgon O&M 
Manual. 

Backwash Flow Rate: Alternative Determination 

An alternative method for setting the flow rate for backwashing has been recommended by Calgon 
field personnel. This method is based on observing the backwash waste characteristics and is 
performed as follows (Note: See Fig. 6 or 7 in Section 8 of the Calgon O&M Manual for valve number 
references): 

Open the backwash supply valve in the Filter Building. Refer to Figure 1. 

Open the backwash waste valve (Valve V-5 or V-6) 100 percent.  
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Turn on the backwash pump and slowly open the backwash water supply valve (Valve V-8 or V-7). For 
an initial backwash following GAC media replacement, limit the flow to 230–300 gpm at first. This 
classifies the carbon, as described in Section 3.4.1 of the Calgon O&M Manual (at least 225 gpm is 
required to expand the bed, allowing classification to occur). 

Observe the backwash waste by collecting some in a clear glass beaker. Adjust the flow rate so that 
only two or three larger pieces of carbon appear in 1 or 2 inches of water in the beaker. 

As samples clear up (fewer than two or three larger pieces of carbon), gently increase flow rate. 

Continue until backwash flow rate reaches 700 gpm. 

Once the backwash waste water is clean, slowly reduce the backwash flow (over a 4- to 5-minute 
period). 

Shut off the backwash pump when the flow drops to about 150 gpm, and then slowly close the 
backwash supply valve (Valve V-8 or V-7) all the way. Never close valves quickly; resulting water 
hammer could damage distribution nozzles in vessels! 

Close the backwash waste valve (Valve V-5 or V-6). 

Close the backwash supply valve in the Filter Building (ref. Figure 1). 

Backwash Tips 

Top up the water system reservoirs and water treatment plant clearwell before commencing 
backwash to ensure adequate supplies of water during GAC backwashing processes. This is 
especially important for the initial backwashing following replacement of the GAC media, which takes 
longer than subsequent backwashes. 

Time the GAC backwash so it does not coincide with a sand filter backwash. 

Increase the GAC backwash flow rate slowly to the recommended rate. Likewise, decrease the flow 
rate slowly when finishing the backwash. Rapid changes in flow rate could cause water hammer, 
which could damage the distribution nozzles inside the GAC vessels. 

For the initial backwash with new GAC media, maintain a lower backwash rate (200–300 gpm) for 
several minutes to classify the carbon. 

Never interrupt a backwash; complete it in one session. 

Filter to Waste 
The GAC Adsorption System includes a filter-to-waste capability outside the Calgon vendor package; 
hence it is not shown in the Calgon O&M Manual. Filter-to-waste is typically used for a few minutes 
upon restarting the system after a GAC backwash as some solids may be present in the GAC effluent. 

To run GAC in filter-to-waste mode, set the GAC Adsorption System to operate in the normal mode as 
for online filtration. For filter-to-waste, make the following changes: 

1. OPEN the valve on the intertie pipe to the drain. The intertie valve is behind the GAC 
Adsorption System piping rack. Refer to the photo in Figure 2.  

2. CLOSE the treated water outlet valve on the Treated Water (TW) line in the Filter Building. 
Refer to Figure 1. 

3. OPEN the filtered water inlet valve on the Filtered Water (FW) line in the Filter Building. Refer 
to Figure 1. 

4. CLOSE the bypass valve in the Filter Building. Refer to Figure 1.   
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Figure 2.  Filter-to-Waste Intertie as Viewed From Behind GAC Pipe Rack 
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To terminate the wasting and run the GAC Adsorption System online, there is no need to interrupt 
pumping: first OPEN the treated water outlet valve to the TW line in the Filter Building and then 
CLOSE the valve on the intertie pipe to drain. 

Media Replacement and Startup 
GAC media replacement is recommended when the TOC concentration of the lead vessel effluent 
shows a marked increase. UV transmittance of samples can provide an early warning of this 
condition, but it should be verified through TOC analysis. 

Before arranging for GAC media replacement, the carbon acceptance canister should be sent to the 
carbon supplier along with a filled in Adsorbate Profile Document form. A copy of this form is 
included in Appendix B; check with Calgon for the latest version. Detailed instructions on dealing with 
the canister are found in the Calgon O&M Manual, starting on page 8.10. 

In preparation for the GAC media delivery truck arrival, place steel plates in the unpaved driveway 
area to protect buried pipes in that area. 

Try to arrange GAC media replacement for lower demand periods as a large quantity of water is used 
in the media replacement process. 

Ensure that water system reservoirs and the water treatment plant clearwell are topped up for the 
day of media replacement. 

Ensure that the backwash pond level is as low as possible prior to GAC media replacement. 

Arrange to have an air compressor on site for GAC media replacement. 

Inspect the GAC vessel interior with assistance from Calgon personnel. Pay particular attention to 
nozzles in the internal cone and lining in weld and crevice areas.  

WARNING!   A hazardous low-oxygen condition could exist inside the GAC vessels. Activated carbon 
absorbs oxygen. See warning information in the Calgon Operation and Maintenance Manual. 

GAC media transfer is performed by the supplier. 

After water is added to the new GAC media, it must sit for at least 24 hours, depending on 
temperature, to properly wet the carbon before backwashing. 

Maintenance 
Maintenance requirements for the GAC Adsorption System are minimal. The following table 
summarizes maintenance recommendations. 

 
Table 2. Maintenance Recommendations 

Item Frequency Comments 
Inspect GAC vessel interior When changing GAC media  

Grease access hatch gasket When inspecting GAC vessel interior  

Replace GAC vessel rupture discs 3 years  

Check pressure gauges As needed If unusual or unexpected readings are observed, or 
when performing critical troubleshooting pressure 
measurements, verify calibration of gauges 

Coating touchup As needed Piping flange hardware and crevice locations tend to 
exhibit coating failure first 
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Troubleshooting 
A troubleshooting guide is included in Section 3.8 of the Calgon O&M Manual. Some additional 
troubleshooting tips are presented here. 

 
Table 3. Troubleshooting Tips 

Symptom Possible cause Remedy 
Excessive pressure loss 

 

Note: Sudden increase or greater 
increase in lag GAC vessel pressure 
loss indicates likelihood of issues 
other than a need to backwash. 

See Calgon O&M Manual for 
additional causes not listed 
here. 

 

Air binding Refer to Calgon O&M Manual. In addition, release air 
from effluent sample port (below interior cone). 

Carbon in effluent (“witch’s 
hat”) strainer (failed nozzle in 
cone) 

Verify by opening 2" drain valve. Presence of carbon 
indicates nozzle failure. Also, can measure pressure 
loss across strainer: install pressure gauge on 2" 
drain connection and compare to pressure on tank 
effluent gauge with flow passing through system. The 
difference between the two pressure readings should 
be less than 5 psi (verify accuracy of gauges). 

Clogged carbon Eliminate all other causes. 

Perform second backwash. 

If pressure loss still excessive, perform air scour. 
Connect air supply to 2" drain connection and supply 
air slowly and carefully. Do not over-pressurize 
system! 

Release air from air relief valves, carbon fill port, and 
effluent sample port. 

Air drawn into GAC vessel Pressure within GAC vessel 
below atmospheric 

May occur when pressure drop across vessels is low 
and clearwell level is low. Solutions include: 

Increase pressure in system by throttling effluent 
valve. 

Maintain higher level in clearwell. 

Pump through GAC system at a higher rate, thereby 
increasing pressure drop. 

If this becomes a troublesome issue, install pressure 
sustaining valve on effluent piping. 
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Appendix A: Granular Activated Carbon Adsorption 
System Process Drawings 

Figure A-1: Piping and Equipment Symbols 

Figure A-2: Granular Activated Carbon System 
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Appendix B: Adsorbate Profile Document Form 

 

 



 



ADSORBATE PROFILE DOCUMENT 

 
Fill in the required areas of the form and ship to the 
address at right along with the Carbon Acceptance 
Canister or Sample Bottle containing the spent 
carbon.  If carbon returns will be RCRA manifested, 
also include the Certification of Generator Form and 
the Chain of Custody Document. 

Ship completed paperwork and spent carbon sample to: 
Calgon Carbon Corporation 

Attention:  Reactivation Acceptance Dept. 
500 Calgon Carbon Drive 

Pittsburgh,  PA  15205 
 

e-mail:  carbonacceptance@calgoncarbon.com 
 
Section 1 – Generator Information   Date Completed:   
Company Name  Facility Name  

Mailing Address  Shipping address  

City, State, Zip  City, State, Zip  

Technical Contact  Title  

Telephone #   E-Mail Address  

Fax #  Cell #  

 
Note that it is the responsibility of the generator/customer to characterize the spent carbon, including 
determination and declaration of RCRA status, disclosure of contaminants present in the stream being 
treated, etc.  If you have specific questions on these subjects or if you need help completing this document 
call 1-800-422-7266 and ask for the Carbon Acceptance Department or refer to our web site at 
www.calgoncarbon.com/serviceplatform/carbon_return_procedures.htm 
 
Section 2 – Billing Information 
The fee for carbon acceptance testing is $400 (USD) for non-hazardous projects and $1000 (USD) for RCRA-
hazardous projects, plus tax where applicable.  Please provide the following billing information.  This information 
is required in order for carbon acceptance testing to begin.  
 
Calgon Carbon Technical Sales Representative  
Purchase Order # for Carbon Acceptance Testing  
 
Bill to Name    

Address  Telephone #  

City, State, Zip  Fax #  

Attention   Cell #  

 
Section 3 – Notice to RCRA Spent Carbon Generators 
As a requirement of 40 CFR 264.12(b), Calgon Carbon Corporation is required to notify hazardous waste 
generators that its facilities have the proper permits in place to accept hazardous spent carbon.  The facilities 
covered under this notification are: 
 
Facility EPA ID Number 
Catlettsburg,  KY KYD005009923 
Neville Island,  PA PAD000736942 
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ADSORBATE PROFILE DOCUMENT 
 
 
Generator Name Date 
 
Section 4 – Regulatory Profile 

If “YES”, list EPA waste code number(s): __________________________________________________________  
If “YES”, list Facility EPA ID#: 

If “YES”, list state or provincial waste code number (s):  ______________________________________________   
If “YES”, list Facility State ID#:  _________________________________________________________________ 

If “YES”, list substances: 
                                                                                                          
Does the spent carbon contain any of the following chemicals? 
 

Check the appropriate DOT shipping name for the spent carbon. 
□  Not Regulated                  □  Scrap Carbon                  
□  Hazardous Waste, Solid, N.O.S., 9, NA 3077, III, (list waste codes)          _____________________________ 
□  RQ, Hazardous Waste, Solid, N.O.S., 9, NA 3077, III, (list waste codes)  _____________________________ 
□  Other (if other, give description)  _____________________________________________________________ 
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Is the spent carbon generated at a SUPERFUND Site?  YES        NO 
Is the sample submitted for carbon acceptance testing representative as defined in 40 CFR 261 – 
Appendix I or by using an updated or equivalent method? 

    
 YES         NO 

Has TCLP testing been performed on the spent carbon sample? 
If “YES”, attached lab report and provide PA Laboratory Registration Number. 
If “NO”, attach a detailed explanation supporting use of generator process knowledge in lieu 
of actual chemical analysis.   

 YES         NO 

Has a hazardous waste determination been done for the waste stream as defined in 40 CFR Part 
262.11? 

YES          NO 

Is the spent carbon a RCRA hazardous waste as defined in 40CFR Part 261? YES          NO 

Is the spent carbon a hazardous waste in the facility’s state or province?  YES        NO 

Is the carbon treating a stream which is subject to the Benzene NESHAP Standard (40CFR Part 
61)? 

 YES        NO 

Is the carbon treating a stream which is subject to the Hazardous Organic NESHAP Standard 
(40 CFR Part 63)? 

 YES        NO 

Does the spent carbon contain substances subject to the reporting requirements of Section 313 of 
Title III of the Superfund Amendments and Reauthorization Act (SARA) of 1986 and 40 CFR 
Part 372? 

 YES        NO 

1.  Polychlorinated Biphenyls (PCBs)?  If “NO” proceed to Question 2.  If “YES”, complete 
below. 

 YES        NO 

Total PCBs on the spent carbon must be below 50 mg/kg to be accepted for reactivation.  You 
must report and certify the actual concentration as determined by a test of a representative 
composite sample of the spent activated carbon from the adsorber.  Calgon Carbon Corporation 
can arrange to have this testing done for you at an additional cost.  Contact your Technical 
Service Representative for additional information. 

Total PCBs 
_______mg/kg 
 
(Attach Lab 
Report) 

2.  Dioxins  YES        NO 
3.  1,2-Dibromo-3-chloropropane (DBCP)  YES        NO 
Is the spent carbon known to have radioactive characteristics?  If yes, please explain. 
 
 

 YES        NO 

Does the spent carbon have the potential to possess radioactive characteristics based on 
radioactivity in the treated application?  If yes, please explain. 
 
 

 YES        NO 

Does the carbon treat an aqueous stream or a vapor stream from an aqueous source?  YES        NO 



ADSORBATE PROFILE DOCUMENT 
 
Generator Name Date 
 
Section 5 – Carbon Identification and Return Information           Circle One 
Carbon Type Granular              Pellet 
  Liquid                  Vapor 
U.S. Mesh Size      ______  X  ______ 
Carbon Product Name  
Calgon Carbon Product ?       Yes                No 
If “NO”, indicate type    Coal Base                    Coconut Base                Other _______________ 
Is spent carbon free-flowing ?       Yes                No 
Are there any other filter media present in the carbon system (i.e. sand, gravel)?        Yes                No      
Does the spent carbon contain silt, sand, gravel or other foreign material?        Yes               No 
If “YES”, describe     
Adsorption Equipment by:   Calgon Carbon            Customer               Other _______________ 
Pounds of spent carbon per return  
Frequency of spent carbon returns  _____ Times per  Week,  Month,  Year or  ______ One Time Only 
Spent Carbon return via: 

Circle One 

Bulk Truck               1800 lb. Vapor Pac–Plastic       2000 lb. Cyclesorb–FRP      

Calgon Bins              1800 lb. Vapor Pac–SS             2000 lb. Cyclesorb-SS 

Super Sack                Vapor Pac 10                             1000 lb. Cyclesorb-FRP 

55 Gal. Drum            Ventsorb                                   Flowsorb 

Other _________________________________    

 
Section 6 – Stream Profile 
              Type of Stream √ Check all that Apply Stream Components 

Liquid Phase Treatment Vapor Phase Treatment List the principal components and their concen –
tration in the stream (ppm, mg/L, wt%, etc.) 

□   Spill Clean-up □   Air Stripper Component                                  Amount    Unit 
□   Industrial Process □   Industrial Process Vapor  
□   Food-Grade Process □   Food-Grade Process  
□   Potable Water – Surface □   Solvent Recovery  
□   Potable Water – GW □   Tank Vent  
□   Industrial Wastewater □   Industrial WW Vapor  
□   Groundwater □   Soil Extraction  
□   Other – Describe below □   Other – Describe below  
   
Describe the stream and how it is generated. 
 
 
What is the stream flow rate?   ___________ gpm       or        ____________ cfm 
Is the stream treated at elevated temperature? YES   NO If “YES”, Temperature ___ º F or C 
Is the stream saturated with inorganic salts ? YES   NO 
 
Section 7 – Disposal Methods 
Acceptable methods of spent carbon disposal: 

Alternate Fuels Blending (thermal destruction/incineration) 
Calgon Carbon Reactivation 
Landfill 

 

Yes       No 
Yes       No 
Yes       No 

 
Section 8 – Environmental Audit of Facilities 
Will it be necessary for you to perform an environmental audit of the disposal facilities prior to the return 
of spent carbon? 

 YES       NO 
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ADSORBATE PROFILE DOCUMENT 
 
 
Generator Name Date 
 
Section 9 – Safety Profile (attach any analyses, toxilogical studies, safety data, MSDS, etc. that are relevant) 
Are any of the following types of compounds, materials, or conditions present in the spent carbon?  If 
“YES”, describe or identify condition in the column to the right. 
 Circle One  
OSHA regulated Carcinogens (per 29 CFR 1910) YES       NO  
Halogenated Organics YES       NO  
Sulfur-Containing Organics YES       NO  
Pesticides/Herbicides YES       NO  
Highly Toxic Organics YES       NO  
Explosive (Self-Igniting/Shock Sensitive Material) YES       NO  
Biological or Disease-Causing Agents YES       NO  
Reactive Cyanide or Sulfide YES       NO  
Odorous Compounds YES       NO  
Metals (As, Ba, Cd, Cr, Pb, Hg, Se, Cu, Mn, Ni, Zn) YES       NO  
Are there any unique safe handling requirements necessary for processing the spent carbon?  If 
“YES”, describe 
 

YES       NO 

If the spent carbon contains proprietary chemicals, list any acute or chronic hazards associated with or alleged to 
be associated with human contact or exposure to the material. 
 
 
 
Section 10 – Generator Certification 
I, the Generator and/or Authorized Agent, certify this Adsorbate Profile Document and all the attachments, contain true and 
accurate descriptions of the spent activated carbon and all of the relevant information within the possession of the Generator 
regarding known or suspected hazards pertaining to the spent carbon has been disclosed to Calgon Carbon Corporations.  I, 
the Generator and/or Authorized Agent, acknowledge that Calgon Carbon Corporation must rely on the Generator 
certification of all chemical and physical characteristics of hazardous substances managed or processed by Calgon Carbon 
Corporation. 
 
To the best of my knowledge and information, the spent activated carbon to be returned to Calgon Carbon Corporation for 
reactivation does not contain PCBs greater than or equal to 50 ppm; dioxins above 20 ppb TCDD International Toxicity 
Equivalents; 1,2-dibromo-3-chloropropane greater than 1.5% by weight; nor is it a characteristically ignitable, corrosive or 
reactive water. 
 
I acknowledge that any changes in character or loading, which deviate from this profile warrant completion of a new 
Adsorbate Profile Document.  Calgon Carbon Corporation reserves the right to rescind any spent carbon returns, which 
substantially differ from the approved profile.  
 
Name _______________________________________                   Title ________________________________________ 
 
Signature ____________________________________                    Date  _______________________________________ 
 
 
Section 11 – Confidentiality 
Calgon Carbon Corporation, as a consideration of the customer’s release of the above information and any Calgon 
subsequent data provided, agrees to treat such information as confidential property and will not disclose such information to 
others except as required by law and facility operating permits. 
 
Name _______________________________________                   Title ________________________________________ 
 
Signature ____________________________________                    Date _______________________________________ 
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Waste 
Code

Regulatory Limit 
mg/L

DOT Reportable 
Quantity, 
pounds

Chronic 
Toxicity 
Level 
mg/L

D004        Arsenic         5 1 0.05
D005        Barium             100 1000 1
D018        Benzene           0.5 10 0.005
D006        Cadmium                  1 10 0.01
D019        Carbon Tetrachloride 0.5 10 0.005
D020        Chlordane                 0.03 1 0.0003
D021        Chlorobenzene          100 100 1
D022        Chloroform               6 10 0.06
D007        Chromium                5 10 0.05
D023        o-Cresol                  200 1000 2
D024        m-Cresol                  200 1000 2
D025        p-Cresol                  200 1000 2
D026        Cresol                    200 1000 2
D016        2,4-D                      10 100 0.1
D027        1,4-Dichlorobenzene      7.5 100 0.075
D028        1,2-Dichloroethane          0.5 100 0.005
D029        1,1-Dichloroethylene        0.7 100 0.007
D030        2,4-Dinitrotoluene          0.13 10 0.0005
D012        Endrin                      0.02 1 0.0002
D031        Heptachlor (and Hypoxide)  0.008 1 0.00008
D032        Hexachlorobenzene           0.13 10 0.0002
D033        Hexachloro-1,3-butadiene    0.5 1 0.005
D034        Hexachloroethane         3 100 0.03
D008        Lead                        5 *           0.05
D013        Lindane                     0.4 1 0.004
D009        Mercury                     0.2 1 0.002
D014        Methoxychlor               10 1 0.1
D035        Methyl ethyl ketone      200 5000 2
D036        Nitrobenzene                2 1000 0.02
D037        Pentachlorophenol        100 10 1
D038        Pyridine                    5 1000 0.04
D010        Selenium                    1 10 0.01
D011        Silver                      5 1 0.05
D039        Tetrachloroethylene      0.7 100 0.007
D015        Toxaphene                   0.5 1 0.005
D040        Trichloroethylene          0.5 100 0.005
D041        2,4,5-Trichlorophenol     400 10 4
D042        2,4,6-Trichlorophenol     2 10 0.02
D017        2,4,5-TP (Silvex)           1 100 0.01
D043       Vinyl chloride   0.2 1 0.002

TCLP List

Constituent

* not available
The regulatory level has been set at ~100 x the chronic toxicity level.



Characteristic/Property                Limits of Acceptability
Volatile Sulfur                    1.0 % Maximum

Volatile Halides:     
                                Chloride 1.7 % Maximum - Neville Island;    4.0% Maximum - Big Sandy
                                Bromide      0.3% Maximum
                                Fluoride     0.4 % Maximum

High Exotherm During Reactivation  Require Case-by-Case Approva

Potassium                             Maximum  of 0.1 wt. %

Sodium Maximum  of 1.0 wt. %

Metals                       Require Case-by-Case Approval

Lead <50 mg/kg

Mercury Not acceptable

Size                          Greater than or equal to 12 x 40 Mesh

pH Range                      Greater than 2.0 and less than 12.5

Ignitable (per RTM-10)                Not Acceptable (Although BSP is permitted to receive D001 manifested material, 
they may not receive any spent carbon which exhibits the characteristic of 
ignitability.)

Instantaneously Ignitable (per RTM-10) Not Acceptable 

Dioxins             Not Acceptable at BSP; Must be < 20 ug/kg TEQs at NIP

Polychlorinated Biphenyls (PCB's)     < 50 mg/kg

1,2-Dibromo-3-chloropropane (DBCP)    Not Acceptable

Unacceptable RCRA Waste Codes   Not Acceptable: D001 (NIP), D002, D003, F020, F021, F022, F023, F026, F027, 
F028, F032

        
The following waste codes are pending approval from the respective agencies.   
Calgon Carbon may not accept spent carbon which has been mainfested using 
these codes until agency approval has been granted:

Acceptable NIP/Pending BSP:  F035, K064, K065, K066, K088, K090, K091, 
K107, K108, K109, K110, K141, K142, K143, K144, K145, K147, K148, K149, 
K150, K151, P120, P121, P122, U277, U373, U379, U381, U382, U385, U386, 
U387, U389, U401, U402, U404, U409, U410, U411

Total Cyanide           <250 mg/kg

Total Sulfide          <500 mg/kg

Radioactivity                         Not to Exceed Background Level

Note 1:  Spent Granular Activated carbon to be returned for reactivation shall be free of any foreign debris (rock, wood, metal, etc.) or 
extraneous impurities, free of oil and grease, easily wetted by water, and free-flowing.

Note 2:  Acceptance for reactivation of spent carbon which has not been supplied by Calgon Carbon Corporation must be investigated on
case-by-case basis.

General Carbon Acceptance Criteria for RCRA and Non-RCRA Spent Carbon Returns to Calgon Carbon

Pending Waste Codes

Acutely Toxic, Odorous, or OSHA regulated compounds Require Case-by-Case Approval
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Material Safety Data Sheet
Potassium permanganate MSDS

Section 1: Chemical Product and Company Identification

Product Name: Potassium permanganate

Catalog Codes: SLP4912, SLP3892, SLP1075

CAS#: 7722-64-7

RTECS: SD6475000

TSCA: TSCA 8(b) inventory: Potassium permanganate

CI#: Not available.

Synonym:   Potassium Permanganate, Biotech Grade

Chemical Name: Potassium Permanganate

Chemical Formula: KMnO4

Contact Information:

Sciencelab.com, Inc.
14025 Smith Rd.
Houston, Texas 77396

US Sales: 1-800-901-7247
International Sales: 1-281-441-4400

Order Online: ScienceLab.com

CHEMTREC (24HR Emergency Telephone), call:
1-800-424-9300

International CHEMTREC, call: 1-703-527-3887

For non-emergency assistance, call: 1-281-441-4400

Section 2: Composition and Information on Ingredients

Composition:

Name CAS # % by Weight

Potassium permanganate 7722-64-7 100

Toxicological Data on Ingredients: Potassium permanganate, Biotech: ORAL (LD50): Acute: 1090 mg/kg [Rat]. 2157 mg/kg
[Mouse].

Section 3: Hazards Identification

Potential Acute Health Effects:
Hazardous in case of skin contact (irritant), of eye contact (irritant), of ingestion, of inhalation. Slightly hazardous in case of
skin contact (permeator). Possibly corrosive to eyes and skin. The amount of tissue damage depends on length of contact.
Eye contact can result in corneal damage or blindness. Skin contact can produce inflammation and blistering. Inhalation of
dust will produce irritation to gastro-intestinal or respiratory tract, characterized by burning, sneezing and coughing. Severe
over-exposure can produce lung damage, choking, unconsciousness or death. Prolonged exposure may result in skin burns
and ulcerations. Over-exposure by inhalation may cause respiratory irritation.

Potential Chronic Health Effects:
CARCINOGENIC EFFECTS: Not available. MUTAGENIC EFFECTS: Mutagenic for bacteria and/or yeast. TERATOGENIC
EFFECTS: Not available. DEVELOPMENTAL TOXICITY: Not available. The substance may be toxic to kidneys, liver, skin,
central nervous system (CNS). Repeated or prolonged exposure to the substance can produce target organs damage.
Repeated exposure of the eyes to a low level of dust can produce eye irritation. Repeated skin exposure can produce local
skin destruction, or dermatitis. Repeated inhalation of dust can produce varying degree of respiratory irritation or lung damage.

http://www.sciencelab.com/
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Section 4: First Aid Measures

Eye Contact:
Check for and remove any contact lenses. In case of contact, immediately flush eyes with plenty of water for at least 15
minutes. Cold water may be used. Get medical attention immediately.

Skin Contact:
In case of contact, immediately flush skin with plenty of water for at least 15 minutes while removing contaminated clothing
and shoes. Cover the irritated skin with an emollient. Cold water may be used.Wash clothing before reuse. Thoroughly clean
shoes before reuse. Get medical attention immediately.

Serious Skin Contact:
Wash with a disinfectant soap and cover the contaminated skin with an anti-bacterial cream. Seek immediate medical
attention.

Inhalation:
If inhaled, remove to fresh air. If not breathing, give artificial respiration. If breathing is difficult, give oxygen. Get medical
attention.

Serious Inhalation:
Evacuate the victim to a safe area as soon as possible. Loosen tight clothing such as a collar, tie, belt or waistband. If
breathing is difficult, administer oxygen. If the victim is not breathing, perform mouth-to-mouth resuscitation. WARNING: It may
be hazardous to the person providing aid to give mouth-to-mouth resuscitation when the inhaled material is toxic, infectious or
corrosive. Seek immediate medical attention.

Ingestion:
Do NOT induce vomiting unless directed to do so by medical personnel. Never give anything by mouth to an unconscious
person. If large quantities of this material are swallowed, call a physician immediately. Loosen tight clothing such as a collar,
tie, belt or waistband.

Serious Ingestion: Not available.

Section 5: Fire and Explosion Data

Flammability of the Product: Non-flammable.

Auto-Ignition Temperature: Not applicable.

Flash Points: Not applicable.

Flammable Limits: Not applicable.

Products of Combustion: Not available.

Fire Hazards in Presence of Various Substances: organic materials, metals, combustible materials

Explosion Hazards in Presence of Various Substances:
Risks of explosion of the product in presence of mechanical impact: Not available. Risks of explosion of the product in
presence of static discharge: Not available. Explosive in presence of organic materials, of metals.

Fire Fighting Media and Instructions: Not applicable.

Special Remarks on Fire Hazards:
Spontaneously flammable on contact with ethylene glycol. Potassium Permanganate being conveyed through propylene tube
ignited the tube. When solid hydroxylamine is brought into contact with solid potassium permanganate, there is produced
immediately a with flame. Potassium permanganate decomposes hydrogen trisulfide so rapidly that sufficient heat is liberated
to ignite the trisulfide. When Antimony or arsenic and solid potassium permanganate are ground together, the metals ignite.

Special Remarks on Explosion Hazards:
Take care in handling as explosions may occur if it is brought in contact with organic or other readily oxidizable substances,
either in solution or in dry state. Explosive in contact with sulfuric acid or hydrogen peroxide. Potassium permanganate +
acetic acid or acetic anhydride can explode if permanganate is not kept cold. Explosions can occur when permanganates
come on contact with benzene, carbon disulfide, diethyl ether, ethyl alcohol, petroleum, or oganic matter. Contact with glycerol
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may produce explosion. Crystals of potassium permanganate explode vigorously when ground with phosphorous. A mixture
of .5% potassium permanganate + ammonium nitrate explosive caused an explosion 7 hrs. later. Addition of Potassium
permanganate + dimethylformamide to give a 20% solution led to an explosion after 5 min. During a preparation of chlorine
by addition of the concentrated acid (Hydrochloric acid) to solid potassium permanganate, a sharp explosion occurred on one
occasion.

Section 6: Accidental Release Measures

Small Spill: Use appropriate tools to put the spilled solid in a convenient waste disposal container.

Large Spill:
Oxidizing material. Corrosive solid. Stop leak if without risk. Do not get water inside container. Avoid contact with a
combustible material (wood, paper, oil, clothing...). Keep substance damp using water spray. Do not touch spilled material.
Use water spray to reduce vapors. Prevent entry into sewers, basements or confined areas; dike if needed. Call for assistance
on disposal. Be careful that the product is not present at a concentration level above TLV. Check TLV on the MSDS and with
local authorities.

Section 7: Handling and Storage

Precautions:
Keep away from heat. Keep away from sources of ignition. Keep away from combustible material. Do not ingest. Do not
breathe dust. In case of insufficient ventilation, wear suitable respiratory equipment. If ingested, seek medical advice
immediately and show the container or the label. Avoid contact with skin and eyes. Keep away from incompatibles such as
organic materials, metals, acids.

Storage:
Keep container tightly closed. Keep container in a cool, well-ventilated area. Separate from acids, alkalies, reducing agents
and combustibles. See NFPA 43A, Code for the Storage of Liquid and Solid Oxidizers.

Section 8: Exposure Controls/Personal Protection

Engineering Controls:
Use process enclosures, local exhaust ventilation, or other engineering controls to keep airborne levels below recommended
exposure limits. If user operations generate dust, fume or mist, use ventilation to keep exposure to airborne contaminants
below the exposure limit.

Personal Protection:
Splash goggles. Synthetic apron. Vapor and dust respirator. Be sure to use an approved/certified respirator or equivalent.
Gloves.

Personal Protection in Case of a Large Spill:
Splash goggles. Full suit. Vapor and dust respirator. Boots. Gloves. A self contained breathing apparatus should be used to
avoid inhalation of the product. Suggested protective clothing might not be sufficient; consult a specialist BEFORE handling
this product.

Exposure Limits:
TWA: 5 Consult local authorities for acceptable exposure limits.

Section 9: Physical and Chemical Properties

Physical state and appearance: Solid.

Odor: Odorless.

Taste: Sweetish, astringent.

Molecular Weight: 158.03 g/mole
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Color: Purple. (Dark.)

pH (1% soln/water): Not available.

Boiling Point: Not available.

Melting Point: Decomposes.

Critical Temperature: Not available.

Specific Gravity: 2.7 @ 15 C (Water = 1)

Vapor Pressure: Not applicable.

Vapor Density: Not available.

Volatility: Not available.

Odor Threshold: Not available.

Water/Oil Dist. Coeff.: Not available.

Ionicity (in Water): Not available.

Dispersion Properties: See solubility in water, methanol, acetone.

Solubility:
Easily soluble in methanol, acetone. Partially soluble in cold water, hot water. Soluble in Sulfuric Acid

Section 10: Stability and Reactivity Data

Stability: The product is stable.

Instability Temperature: Not available.

Conditions of Instability: Incompatible materials

Incompatibility with various substances:
Highly reactive with organic materials, metals, acids. Reactive with reducing agents, combustible materials.

Corrosivity: Not available.

Special Remarks on Reactivity:
It is a powerful oxidizing agent. Incompatible with reducing agents, acids, formaldehyde, ammonium nitrate,
dimethylformamide, glycerol, combustible materials, alcohols, arsenites, bromides, iodides, charcoal, organic substances,
ferrous or mercurous salts, hypophosphites, hyposulfites, sulfites, peroxides, oxalates, ethylene glycol, Manganese salts in air
oxidize the toxic sulfur dioxide to more toxic sulfur trioxide. Can react violently with most metal powders, ammonia, ammonium
salts, phosphorous, many finely divided organic compounds (materials), flammable liquids, acids, sulfur.

Special Remarks on Corrosivity: Not available.

Polymerization: Will not occur.

Section 11: Toxicological Information

Routes of Entry: Absorbed through skin. Eye contact. Inhalation. Ingestion.

Toxicity to Animals:
Acute oral toxicity (LD50): 1090 mg/kg [Rat]. Lowest Published Lethal Dose: LDL[Woman] - Route: Oral; Dose: 100 mg/kg
LDL[Human] - Route: Oral; Dose: 143 mg/kg.

Chronic Effects on Humans:
MUTAGENIC EFFECTS: Mutagenic for bacteria and/or yeast. May cause damage to the following organs: kidneys, liver, skin,
central nervous system (CNS).

Other Toxic Effects on Humans:
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Hazardous in case of skin contact (irritant), of eye contact (corrosive), of ingestion, of inhalation. Slightly hazardous in case of
skin contact (permeator).

Special Remarks on Toxicity to Animals: Not available.

Special Remarks on Chronic Effects on Humans:
May cause adverse reproductive effects (Male and Female fertility) based on animal data. May affect genetic material
(mutagenetic) based on animal data.

Special Remarks on other Toxic Effects on Humans:

Section 12: Ecological Information

Ecotoxicity: Not available.

BOD5 and COD: Not available.

Products of Biodegradation:
Possibly hazardous short term degradation products are not likely. However, long term degradation products may arise.

Toxicity of the Products of Biodegradation: The products of degradation are less toxic than the product itself.

Special Remarks on the Products of Biodegradation: Not available.

Section 13: Disposal Considerations

Waste Disposal:
Waste must be disposed of in accordance with federal, state and local environmental control regulations.

Section 14: Transport Information

DOT Classification: CLASS 5.1: Oxidizing material.

Identification: : Potassium permanganate UNNA: 1490 PG: II

Special Provisions for Transport: Not available.

Section 15: Other Regulatory Information

Federal and State Regulations:
Connecticut carcinogen reporting list.: Potassium permanganate Illinois toxic substances disclosure to employee act:
Potassium permanganate Illinois chemical safety act: Potassium permanganate New York release reporting list: Potassium
permanganate Rhode Island RTK hazardous substances: Potassium permanganate Pennsylvania RTK: Potassium
permanganate Massachusetts RTK: Potassium permanganate Massachusetts spill list: Potassium permanganate New Jersey:
Potassium permanganate New Jersey spill list: Potassium permanganate Louisiana spill reporting: Potassium permanganate
California Director's list of Hazardous Substances: Potassium permanganate

Other Regulations:
OSHA: Hazardous by definition of Hazard Communication Standard (29 CFR 1910.1200). EINECS: This product is on the
European Inventory of Existing Commercial Chemical Substances.

Other Classifications:

WHMIS (Canada):
CLASS C: Oxidizing material. CLASS E: Corrosive solid.

DSCL (EEC):
R8- Contact with combustible material may cause fire. R22- Harmful if swallowed. R50/53- Very toxic to aquatic organisms,
may cause long-term adverse effects in the aquatic environment. S60- This material and its container must be disposed of as
hazardous waste. S61- Avoid release to the environment. Refer to special instructions/Safety data sheets.
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HMIS (U.S.A.):

Health Hazard: 2

Fire Hazard: 0

Reactivity: 0

Personal Protection: j

National Fire Protection Association (U.S.A.):

Health: 1

Flammability: 0

Reactivity: 0

Specific hazard:

Protective Equipment:
Gloves. Synthetic apron. Vapor and dust respirator. Be sure to use an approved/certified respirator or equivalent. Wear
appropriate respirator when ventilation is inadequate. Splash goggles.

Section 16: Other Information

References: Not available.

Other Special Considerations: Not available.

Created: 10/10/2005 08:50 PM

Last Updated: 11/06/2008 12:00 PM

The information above is believed to be accurate and represents the best information currently available to us. However, we
make no warranty of merchantability or any other warranty, express or implied, with respect to such information, and we assume
no liability resulting from its use. Users should make their own investigations to determine the suitability of the information for
their particular purposes. In no event shall ScienceLab.com be liable for any claims, losses, or damages of any third party or for
lost profits or any special, indirect, incidental, consequential or exemplary damages, howsoever arising, even if ScienceLab.com
has been advised of the possibility of such damages.



 

 

 
 
 
 

MATERIAL SAFETY DATA SHEET ISSUED:    10/23/97 
CHLORINE REVISED: 11/01/99 
 
 
SECTION I - PRODUCT IDENTIFICATION 
 
Westlake CA&O      Telephone No.:  (270) 395-4151 
2468 Industrial Parkway     Transportation Emergency No.: 
P O Box 527       CHEMTREC:  (800) 424-9300 
Calvert City, KY  42029     Medical Emergency No.: 
        POISON CENTER:  (216) 379-8562 
 
Chemical Family:  Halogen 
Chemical Name/Synonyms:  Chlorine 
Trade Mark:  None 
Formula:  Cl2; (Cl-Cl) 
C.A.S. Registry No.:  7782-50-5  
TSCA Inventory Status:  All ingredients are listed on the USEPA's TSCA inventory 
Canadian Domestic Substances List Status:  All ingredients have been nominated or are 

eligible for inclusion. 
Workplace Hazardous Materials Information System (WHMIS) Classification:  C,E 
Product Use:  Various Applications 
SARA 313 Information:  This product contains a toxic chemical or chemicals subject to the 

reporting requirements of section 313 of Title III of the Superfund 
Amendments and Reauthorization Act of 1986 and 40 CFR part 372. 

 
 

SECTION II - HAZARDOUS INGREDIENTS 
 
Hazard Summary Statement:  WARNING!  HIGHLY TOXIC.  CORROSIVE.  May be fatal if 
inhaled.  Strong oxidizer.  Most combustibles will burn in chlorine as they do in oxygen.  Read 
entire Material Safety Data Sheet (MSDS). 
 

     C.A.S.    Amount    ACGIH    OSHA 
Material  Number  in Product  TLV-TWA  PEL-TWA 
Chlorine 

1,2,4,5,6
  7782-50-5   > 99.5%    0.5 ppm 1 ppm - ceiling  

       1 ppm  
       short term 
       exposure  
       limit (STEL)  
 

N.A. - Not Applicable             N.E. - Not Established



 

 

 
Legislative Footnotes 

 
1
Ingredient listed on SARA Section 313 List of Toxic Chemicals. 

 
2
Ingredient listed on the Pennsylvania Hazardous Substances List. 

 
3
Ingredient listed on the California listing of Chemicals Known to the State to Cause Cancer or 

Reproductive Toxicity. 
 
4
Ingredient listed on the Massachusetts Substance List. 

 
5Workplace Hazardous Materials Information System ingredient found on the Ingredient 

Disclosure List - Canada. 
 
6
Ingredient listed on the New Jersey Right to Know Hazardous Substance List. 

 
 

Notes:   
 
TLV-TWA - Threshold Limit Value - Time Weighted Average guideline for concentration of the 

chemical substance in the ambient workplace air.  (The skin notation calls attention to 
the skin as an additional significant route of absorption of the listed chemical.)  American 
Conference of Governmental Industrial Hygienists (ACGIH). 

 
OSHA PEL - OSHA Permissible Exposure Limit, 8-hour TWA.  29 CFR 1910.1000, Transitional 

Limits column, Table Z-1-A, Table Z-2, and Table Z-3. 
 
 

SECTION III - PHYSICAL DATA 
 
Appearance:  Greenish-yellow gas Specific Gravity:  Dry Gas (2.48 @ 0°C) 

or amber liquid    Liquid  (1.47 @ 0/4°C) 
Odor:  Pungent, suffocating bleach  Melting Point:  -101°C (-150°F) 

like odor   Molecular Weight:  70.9 
Percent Volatiles:  >99.5     Vapor Pressure:  73 psia @ 50°F 
Solubility in Water:  Slight  Vapor Density:  2.5 (Air=1) 
Physical State:  Gas (liquid under pressure) 

 
 
SECTION IV - FIRE & EXPLOSION HAZARD DATA 
 
Flash Point:  Test is not applicable to gases.  Not combustible.  Chlorine can support 
combustion and is a serious fire risk. 
 
Flammable Limits in Air:  Not Applicable 
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Note: 
 
Flash Point:  The lowest initial temperature of air passing around the specimen at which 
sufficient combustible gas is evolved to be ignited by a small external pilot flame. 
 
Extinguishing Media:  For small fires use dry chemical or carbon dioxide.  For large fires use 
water spray, fog or foam. 
 
Special Firefighting Procedures:  Wear full face positive pressure self-contained breathing 
apparatus (SCBA).  Wear full protective gear to prevent all body contact (moisture or water and 
chlorine can form hydrochloric and hypochlorous acids which are corrosive).  Personnel not 
having suitable protection must leave the area to prevent exposure to toxic gases from the fire. 
Use water to keep fire-exposed containers cool (if containers are not leaking).  Use water spray 
to direct escaping gas away from workers if it is necessary to stop the flow of gas.  In enclosed 
or poorly ventilated areas, wear SCBA during cleanup immediately after a fire as well as during 
the attack phase of firefighting operations. 
 
Unusual Fire and Explosion Hazards:  Chlorine and water can be very corrosive.  Corrosion of 
metal containers can make leaks worse.  Although non-flammable, chlorine is a strong oxidizer 
and will support the burning of most combustible materials.  Flammable gases and vapors can 
form explosive mixtures with chlorine.  Chlorine can react violently when in contact with many 
materials and generate heat with possible flammable or explosive vapors.  Chlorine gas is 
heavier than air and will collect in low-lying areas. 
 
Explosive Characteristics:  Containers heated by fire can explode. 
 
 

SECTION V - Reactivity 
 
Stability:  Stable 
 
Hazardous Polymerization:  Will not occur. 
 
Hazardous Decomposition Products:  Hydrogen chloride may form from chlorine in the 
presence of water vapor. 
 
CAUTION!  Oxidizer.  Extremely reactive. 
 
Incompatibility (Materials to Avoid):  Chlorine is extremely reactive.  Liquid or gaseous chlorine 
can react violently with many combustible materials and other chemicals, including water.  
Metal halides, carbon, finely divided metals and sulfides can accelerate the rate of chlorine 
reactions.  Hydrocarbon gases, e.g., methane, acetylene, ethylene or ethane, can react 
explosively if initiated by sunlight or a catalyst.  Liquid or solid hydrocarbons, e.g., natural or 
synthetic rubbers, naphtha, turpentine, gasoline, fuel gas, lubricating oils, greases or waxes, 
can react violently.  Metals, e.g., finely powdered aluminum, brass, copper, manganese, tin, 
steel and iron, can react vigorously or explosively with chlorine.  Nitrogen compounds, e.g., 
ammonia and other nitrogen compounds, can react with chlorine to form highly explosive 
nitrogen trichloride.  Non-metals, 
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e.g., phosphorous, boron, activated carbon and silicon can ignite on contact with gaseous 
chlorine at room temperature.  Certain concentrations of chlorine-hydrogen can explode by 
spark ignition.  Chlorine is strongly corrosive to most metals in the presence of moisture.  
Copper may burn spontaneously.  Chlorine reacts with most metals at high temperatures.  
Titanium will burn at ambient temperature in the presence of dry chlorine. 
 
 

SECTION VI - HEALTH HAZARD DATA 
 
Threshold Limit Value:  See Section II.    
 
Primary Routes of Exposure:  Inhalation, skin and eye contact. 
 
Effects of Overexposure:   
 
Acute:  Low concentrations of chlorine can cause itching and burning of the eyes, nose, throat 
and respiratory tract.  At high concentrations chlorine is a respiratory poison.  Irritant effects 
become severe and may be accompanied by tearing of the eyes, headache, coughing,  
choking, chest pain, shortness of breath, dizziness, nausea, vomiting, unconsciousness and 
death.  Bronchitis and accumulation of fluid in the lungs (chemical pneumonia) may occur hours 
after exposure to high levels.  Liquid as well as vapor contact can cause irritation, burns and 
blisters.  Ingestion can cause nausea and severe burns of the mouth, esophagus and stomach. 
 
Chronic:  Prolonged or repeated overexposure may result in many or all of the effects reported 
for acute exposure (including pulmonary function effects). 
 
Emergency and First Aid Procedures: 
 
Inhalation (of process emissions):  Take proper precautions to ensure rescuer safety before 
attempting rescue (wear appropriate protective equipment and utilize the "buddy system").  
Remove source of chlorine or move victim to fresh air.  If breathing has stopped, trained 
personnel should immediately begin artificial respiration or, if the heart has stopped, 
cardiopulmonary resuscitation (CPR).  Avoid mouth-to-mouth contact.  Oxygen may be 
beneficial if administered by a person trained in its use, preferably on a physician's advise.  
Obtain medical attention immediately. 
 
Eye Contact:  Immediately flush the contaminated eye(s) with lukewarm, gently flowing water 
for at least 20 minutes while the eyelid(s) are open.  Take care not to rinse contaminated water 
into the non-affected eye.  If irritation persists, obtain medical attention immediately. 
 
Skin Contact:  As quickly as possible, flush contaminated area with lukewarm, gently running 
water for at least 20 minutes.  Under running water, remove contaminated clothing, shoes, and 
leather watchbands and belts.  If irritation persists, obtain medical attention immediately.  
Completely decontaminate clothing, shoes and leather goods before re-use, or, discard. 
 
Ingestion:  Not an anticipated hazard. 
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SECTION VII - SPILL & LEAK PROCEDURE 
 
Steps to be taken in case material is released or spilled:  Restrict access to the area until 
completion of the cleanup.  Issue a warning:  POISON GAS.  DO NOT TOUCH SPILLED 
LIQUID. Do no use water on a chlorine leak (corrosion of the container can occur, increasing 
the leak).  Shut off leak if safe to do so.  Wear NIOSH/MSHA-approved, self-contained, full-
face, positive pressure respirator and full protective clothing capable of protection from both 
liquid and gas phases.  Persons without suitable respiratory and body protection must leave the 
area. 
 
The following evacuation guide was developed by the U.S. Department of Transportation 
(DOT):  Spill or leak from a smaller container or small leak from a tank - isolate in all directions 
250 feet.  Large spill from a tank or from a number of containers - first, isolate 520 feet in all 
directions; secondly, evacuate in a downwind direction 1.3 miles wide and 2.0 miles long.  Keep 
upwind from leak.  Vapors are heavier than air and pockets of chlorine are likely to be trapped 
in low-lying areas.  Use water spray on the chlorine vapor cloud to reduce vapors.  Do not flush 
into public sewer or water systems.  Chlorine can be neutralized with caustic soda or soda ash. 
 Alkaline solutions for absorbing chlorine can be prepared as follows: 
 
For 100 pound containers:  125 lbs. of caustic soda and 40 gallons of water 
For 2,000 pound containers:  2,500 lbs. of caustic soda and 800 gallons of water 
For 100 pound containers:  300 lbs. of soda ash and 100 gallons of water 
For 2,000 pound containers:  6,000 lbs. of soda ash and 2,000 gallons of water 
 
CAUTION:  Observe appropriate safety precautions for handling alkaline chemicals.  Heat will 
be generated during the neutralization process. 
 
Waste Disposal Method:  Due to its inherent properties, hazardous conditions may result if the 
material is managed improperly.  It is recommended that any containerized waste chlorine be 
managed as hazardous waste in accordance with all applicable federal, state, and local health 
and environmental laws and regulations. 
 
 

SECTION VIII - SPECIAL PROTECTION INFORMATION 
 
Ventilation:  Effective exhaust ventilation should always be provided to draw fumes or vapors 
away from workers to prevent routine inhalation.  Ventilation should be adequate to maintain 
the ambient workplace atmosphere below the legislated levels listed in Section II. 
 
Respiratory Protection:  Use NIOSH approved acid gas cartridge or canister respirator for 
routine work purposes when concentrations are above the permissible exposure limits.  Use full 
facepiece respirators when concentrations are irritating to the eyes.  A cartridge-type escape 
respirator should be carried at all times when handling chlorine for escape only in case of a spill 
or leak.  Re-enter area only with NIOSH approved, self-contained breathing apparatus with full 
facepiece.  The respiratory use limitations made by NIOSH or the manufacturer must be 
observed.  Respiratory protection programs must be in accordance with 29 CFR 1910.134. 
 
Eye/Face Protection:  Non-ventilated chemical safety goggles or a full face shield. 
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Skin Protection:  Wear impervious gloves, coveralls, boots and/or other resistance protective 
clothing.  Safety shower/eyewash fountain should be readily available in the work area.  Some 
operations may require the use of an impervious full-body encapsulating suit and respiratory 
protection. 
 

Note:  Neoprene, polyvinyl chloride (PVC), Viton, and chlorinated polyethylene show good 
resistance to chlorine.   
 
Additional:  Do not eat, drink or smoke in work areas.  Maintain good housekeeping. 
 

SECTION IX - SPECIAL PRECAUTIONS 
 
Material Handling:  Do not use near welding operations, flames or hot surfaces.  Move cylinders 
by hand truck or cart designed for that purpose.  Do not lift cylinders by their caps.  Do not 
handle cylinders with oily hands.  Secure cylinders in place in an upright position at all times.  
Do not drop cylinders or permit them to strike each other.  Leave valve cap on cylinder until 
cylinder is secured and ready for use.  Close all valves when not in actual use.  Insure valves 
on gas cylinders are fully opened when gas is used.  Open and shut valves at least once a day 
while cylinder is in use to avoid valve "freezing".  Use smallest possible amounts in designated 
areas with adequate ventilation.  Have emergency equipment for fires, spills and leaks readily 
available. Wash thoroughly after handling product.  Provide a safety shower/eyewash station in 
handling area.  An emergency contingency program should be developed for facilities handling 
chlorine. 
 
Storage:  Store in steel pressure cylinders in a cool, dry area outdoors or in well-ventilated, 
detached or segregated areas of noncombustible construction.  Keep out of direct sunlight and 
away from heat and ignition sources.  Cylinder temperatures should never exceed 51°C 
(125

o
F).  Isolate from incompatible materials.  Store cylinders upright on a level floor secured in 

position and protected from physical damage.  Use corrosion resistant lighting and ventilation 
systems in the storage area.  Keep cylinder valve cover on.  Label empty cylinders.  Store full 
cylinders separately from empty cylinders.  Avoid storing cylinders for more than six months.  
Comply with applicable regulations for the storage and handling of compressed gases. 
 

SECTION X - HAZARD CODES 
 
NFPA     HMIS 
(National Fire Protection Association) (Hazardous Materials Identification System) 
 
Health:  4  Health:     3 
Flammability:  0  Flammability:  0 
Reactivity:  0  Reactivity:  0 
Special:  OXY  Personal Protection: X

*
 

 
Key: 
0 = Insignificant

   *
 See MSDS for specified protection 

1 = Slight 
2 = Moderate 
3 = High 
4 = Extreme 
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USER'S RESPONSIBILITY 
 
This bulletin cannot cover all possible situations which the user may experience during 
processing.  Each aspect of the user's operation should be examined to determine if, or where, 
additional precautions may be necessary.  All health and safety information contained within 
this bulletin should be provided to the user's employees or customers.  Westlake CA&O 
Corporation must rely upon the user to utilize this information to develop appropriate work 
practice guidelines and employee instructional programs for his or her operation. 
 
 

DISCLAIMER OF LIABILITY 
 
As the conditions or methods of use are beyond our control, we do not not assume any 
responsibility and expressly disclaim any liability for any use of this material.  Information 
contained herein is believed to be true and accurate but all statements or suggestions are 
made without warranty, expressed or implied, regarding the accuracy of the information, the 
hazards connected with the use of the material or the results to be obtained from the use 
thereof.  Compliance with all applicable federal, state and local laws and regulations remains 
the responsibility of the user. 
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SHIPPING INFORMATION 
 
IDENTIFICATION - DOMESTIC TRANSPORTATION 

 

Proper Shipping Name (172.101(c)):  Chlorine 

(Technical Name(s)) 172.203(k):  N/A 

Hazard Class 172.101(d):  2.3 

UN/NA# 172.101(e):  UN 1017 

Haz. Substance 171.8:  RQ (Chlorine) 
Reportable Quantity (Appendix A to 172.101):  10 LB 

Inhalation Hazard 172.2a(b):  Zone B, Poison-Inhalation Hazard, Marine Pollutant 
Package Code 172.101(f):  N/A 

Placarded:  Poison Gas 
 
PACKAGING (Part 173) 
 

♦ Packaging Section (172.101(i)) - Col. 8(a):   None 
     Col. 8(b):  173.304 
     Col. 8(c):  173.314, 173.315 
    

♦ General Packaging Section - General 173.24 Hazard Class:   POISON GAS 
 
 MARKING 
 
A. Proper Shipping Name (172.301(a))     (Technical Name) (172.301(b)) 
B. UN/NA Number (172.301(a)) 
C. Name & Address (172.301(d)) 
D. THIS END UP (172.312(a)) 
E. Hazardous Substance RQ (Name) (172.324) 
  ORM Designation (172.316(a)) 
  Inhalation Hazard (172.313(a)) 
 
 
        DOMESTIC LABELING 
1. HMT LABELS (172.400) 
2. Additional SubsidiaryHazard (172.402(a)): 
     8 (Corrosive) 
 
 
 
 
 
--------------------------------------------------------------------------------------------------------------------------------- 

DANGEROUS GOODS DETERMINATION (38th Edition) IATA 
 

♦  Air Transport of This Material if Forbidden (Passenger and Cargo) 
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Material Safety Data Sheet
Sodium Hypochlorite, 5% MSDS

Section 1: Chemical Product and Company Identification

Product Name: Sodium Hypochlorite, 5%

Catalog Codes: SLS1654

CAS#: Mixture.

RTECS: Not applicable.

TSCA: TSCA 8(b) inventory: Sodium hypochlorite; Sodium
hydroxide; Water

CI#: Not applicable.

Synonym:   Chlorine Bleach, Bleach, Soda Bleach,
Chlorox; Sodium Hypochlorite, Solution, 5% Available
Chlorine

Chemical Name: Hypochlorous acid, sodium salt, solution

Chemical Formula: Not applicable.

Contact Information:

Sciencelab.com, Inc.
14025 Smith Rd.
Houston, Texas 77396

US Sales: 1-800-901-7247
International Sales: 1-281-441-4400

Order Online: ScienceLab.com

CHEMTREC (24HR Emergency Telephone), call:
1-800-424-9300

International CHEMTREC, call: 1-703-527-3887

For non-emergency assistance, call: 1-281-441-4400

Section 2: Composition and Information on Ingredients

Composition:

Name CAS # % by Weight

Sodium hypochlorite 7681-52-9 4-7

Sodium hydroxide 1310-73-2 <1

Water 7732-18-5 >92

Toxicological Data on Ingredients: Sodium hypochlorite: ORAL (LD50): Acute: 5800 mg/kg [Mouse]. 8910 mg/kg [Rat].

Section 3: Hazards Identification

Potential Acute Health Effects:
Very hazardous in case of skin contact (irritant), of eye contact (irritant), of ingestion, . Hazardous in case of skin contact
(corrosive), of eye contact (corrosive). Slightly hazardous in case of inhalation (lung sensitizer). Non-corrosive for lungs. Liquid
or spray mist may produce tissue damage particularly on mucous membranes of eyes, mouth and respiratory tract. Skin
contact may produce burns. Inhalation of the spray mist may produce severe irritation of respiratory tract, characterized by
coughing, choking, or shortness of breath. Prolonged exposure may result in skin burns and ulcerations. Over-exposure by
inhalation may cause respiratory irritation. Inflammation of the eye is characterized by redness, watering, and itching. Skin
inflammation is characterized by itching, scaling, reddening, or, occasionally, blistering.

http://www.sciencelab.com/
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Potential Chronic Health Effects:
Slightly hazardous in case of skin contact (sensitizer). CARCINOGENIC EFFECTS: Classified 3 (Not classifiable for human.)
by IARC [Sodium hypochlorite]. MUTAGENIC EFFECTS: Mutagenic for bacteria and/or yeast. [Sodium hypochlorite].
Mutagenic for mammalian somatic cells. [Sodium hydroxide]. TERATOGENIC EFFECTS: Not available. DEVELOPMENTAL
TOXICITY: Not available. The substance may be toxic to lungs, mucous membranes, skin, eyes. Repeated or prolonged
exposure to the substance can produce target organs damage. Repeated or prolonged contact with spray mist may produce
chronic eye irritation and severe skin irritation. Repeated or prolonged exposure to spray mist may produce respiratory tract
irritation leading to frequent attacks of bronchial infection.

Section 4: First Aid Measures

Eye Contact:
Check for and remove any contact lenses. In case of contact, immediately flush eyes with plenty of water for at least 15
minutes. Cold water may be used. Get medical attention immediately.

Skin Contact:
In case of contact, immediately flush skin with plenty of water for at least 15 minutes while removing contaminated clothing
and shoes. Cover the irritated skin with an emollient. Cold water may be used.Wash clothing before reuse. Thoroughly clean
shoes before reuse. Get medical attention immediately.

Serious Skin Contact:
Wash with a disinfectant soap and cover the contaminated skin with an anti-bacterial cream. Seek medical attention.

Inhalation:
If inhaled, remove to fresh air. If not breathing, give artificial respiration. If breathing is difficult, give oxygen. Get medical
attention immediately.

Serious Inhalation:
Evacuate the victim to a safe area as soon as possible. Loosen tight clothing such as a collar, tie, belt or waistband. If
breathing is difficult, administer oxygen. If the victim is not breathing, perform mouth-to-mouth resuscitation. Seek medical
attention.

Ingestion:
Do NOT induce vomiting unless directed to do so by medical personnel. Never give anything by mouth to an unconscious
person. Loosen tight clothing such as a collar, tie, belt or waistband. Get medical attention if symptoms appear.

Serious Ingestion: Not available.

Section 5: Fire and Explosion Data

Flammability of the Product: Non-flammable.

Auto-Ignition Temperature: Not applicable.

Flash Points: Not applicable.

Flammable Limits: Not applicable.

Products of Combustion: Not available.

Fire Hazards in Presence of Various Substances: combustible materials, metals, organic materials

Explosion Hazards in Presence of Various Substances:
Slightly explosive in presence of open flames and sparks. Non-explosive in presence of shocks.

Fire Fighting Media and Instructions: Not applicable.

Special Remarks on Fire Hazards:
Releases chlorine when heated above 35 deg. C. The substance itself is non-combustible and does not burn. However,
when heated to decomposition it emits corrosive and/or toxic fumes. May ignite combustibles. Fire risk in contact with organic
materials. Contact with metals may evolve flammable hydrogen gas.
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Special Remarks on Explosion Hazards:
Anydrous Sodium Hypochlorite is very explosive. Primary amines and calcium hypochlorite or sodium hypochlorite react
to form normal chloroamines, which are explosive. Interaction of ethyleneimine with sodium (or other) hypochlorite gives
the explosive N-chloro cmpd. Removal of formic acid from industrial waste streams with sodium hypochlorite soln becomes
explosive at 55 deg C. Several explosions involving methanol and sodium hypochlorite were attributed to formation of methyl
hypochlorite, especially in presence of acid or other esterification catalyst. Use of sodium hypochlorite soln to destroy acidified
benzyl cyanide residues caused a violent explosion, thought to have been due to formation of nitrogen trichloride. (Sodium
hypochlorite)

Section 6: Accidental Release Measures

Small Spill:
Dilute with water and mop up, or absorb with an inert dry material and place in an appropriate waste disposal container.

Large Spill:
Corrosive liquid. Oxidizing material. Stop leak if without risk. Absorb with DRY earth, sand or other non-combustible material.
Do not get water inside container. Avoid contact with a combustible material (wood, paper, oil, clothing...). Keep substance
damp using water spray. Do not touch spilled material. Use water spray curtain to divert vapor drift. Prevent entry into sewers,
basements or confined areas; dike if needed. Call for assistance on disposal. Be careful that the product is not present at a
concentration level above TLV. Check TLV on the MSDS and with local authorities.

Section 7: Handling and Storage

Precautions:
Keep locked up.. Keep container dry. Keep away from heat. Keep away from sources of ignition. Keep away from combustible
material.. Do not ingest. Do not breathe gas/fumes/ vapor/spray. Never add water to this product. In case of insufficient
ventilation, wear suitable respiratory equipment. If ingested, seek medical advice immediately and show the container or
the label. Avoid contact with skin and eyes. Keep away from incompatibles such as reducing agents, combustible materials,
organic materials, metals, acids.

Storage:
Keep container tightly closed. Keep container in a cool, well-ventilated area. Separate from acids, alkalies, reducing agents
and combustibles. See NFPA 43A, Code for the Storage of Liquid and Solid Oxidizers. Air Sensitive Sensitive to light. Store in
light-resistant containers.

Section 8: Exposure Controls/Personal Protection

Engineering Controls:
Provide exhaust ventilation or other engineering controls to keep the airborne concentrations of vapors below their respective
threshold limit value.

Personal Protection:
Face shield. Full suit. Vapor respirator. Be sure to use an approved/certified respirator or equivalent. Gloves. Boots.

Personal Protection in Case of a Large Spill:
Splash goggles. Full suit. Vapor respirator. Boots. Gloves. A self contained breathing apparatus should be used to avoid
inhalation of the product. Suggested protective clothing might not be sufficient; consult a specialist BEFORE handling this
product.

Exposure Limits:
Sodium hypochlorite TWA: 1 CEIL: 1 (ppm as Cl2) STEL: 1 (ppm as Cl2) from ACGIH (TLV) [United States] Sodium hydroxide
STEL: 2 (mg/m3) from ACGIH (TLV) [United States] TWA: 2 CEIL: 2 (mg/m3) from OSHA (PEL) [United States] CEIL: 2 (mg/
m3) from NIOSH Consult local authorities for acceptable exposure limits.

Section 9: Physical and Chemical Properties
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Physical state and appearance: Liquid.

Odor: Characteristic. Chlorine-like (Slight.)

Taste: Not available.

Molecular Weight: Not applicable.

Color: Colorless to light greenish yellow

pH (1% soln/water): Neutral.

Boiling Point: Decomposition temperature: 40°C (104°F)

Melting Point: Not available.

Critical Temperature: Not available.

Specific Gravity: 1.07 - 1.093 (Water = 1)

Vapor Pressure: 2.3 kPa (@ 20°C)

Vapor Density: The highest known value is 0.62 (Air = 1) (Water).

Volatility: Not available.

Odor Threshold: Not available.

Water/Oil Dist. Coeff.: Not available.

Ionicity (in Water): Not available.

Dispersion Properties: See solubility in water.

Solubility: Easily soluble in cold water.

Section 10: Stability and Reactivity Data

Stability: The product is stable.

Instability Temperature: Not available.

Conditions of Instability: Incompatible materials. light, air, heat

Incompatibility with various substances: Reactive with reducing agents, combustible materials, organic materials, metals,
acids.

Corrosivity:
Extremely corrosive in presence of aluminum. Corrosive in presence of stainless steel(304), of stainless steel(316). Non-
corrosive in presence of glass.

Special Remarks on Reactivity:
Decomposed by carbon dioxide from air. Slowly decomposes on contact with air. Unstable in air unless mixed with sodium
hydroxide. Incompatible with ammonium acetate, ammonium carbonate, ammonium nitrate, ammonium oxalate, and
ammonium phosphate. Decompostion of sodium hypochlorite takes place within a few seconds with these salts. Also
incompatible with primary amines, phenyl acetonitrile, ethyleneimine, methanol, acidified benzyl cyanide, formic acid,
urea, nitro compounds, methylscellulose, celloluse, aziridine, ether, ammonia. Mixing this product with chemicals (e.g.
ammonia, acids, detergents, etc.) or organic matter (e.g. urine, feces, etc.) will release chlorine gas. Chloramine gas may be
evolved when ammonia and bleach are mixed. Decomposed by hot water. Sensitive to light. Exposure to light accelerates
decompositon.

Special Remarks on Corrosivity:
Sodium Hypochlorite is extremely corrosive to brass, and moderately corrosive to bronze. There is no corrosivity information
for copper.

Polymerization: Will not occur.



p. 5

Section 11: Toxicological Information

Routes of Entry: Absorbed through skin. Eye contact. Inhalation. Ingestion.

Toxicity to Animals: Acute oral toxicity (LD50): 5800 mg/kg [Mouse]. (Sodium hypochlorite).

Chronic Effects on Humans:
CARCINOGENIC EFFECTS: Classified 3 (Not classifiable for human.) by IARC [Sodium hypochlorite]. MUTAGENIC
EFFECTS: Mutagenic for bacteria and/or yeast. [Sodium hypochlorite]. Mutagenic for mammalian somatic cells. [Sodium
hydroxide]. Contains material which may cause damage to the following organs: lungs, mucous membranes, skin, eyes.

Other Toxic Effects on Humans:
Very hazardous in case of skin contact (irritant), of ingestion, . Hazardous in case of skin contact (corrosive), of eye contact
(corrosive). Slightly hazardous in case of inhalation (lung sensitizer, lung corrosive).

Special Remarks on Toxicity to Animals: Not available.

Special Remarks on Chronic Effects on Humans: May affect genetic material (mutagenic) (Sodium hypochlorite)

Special Remarks on other Toxic Effects on Humans:
Potential Health Effects: Can cause severe irritation and possible burns to skin and eyes. Eye contact may also cause
corneal and conjunctival edema, conjunctival hemorrhages. Contact with skin may also cause vesicular eruptions and
eczematoid dermatitis which becomes evident upon re-exposure. Prolonged or repeated eye contact may cause conjunctivitis.
Ingestion can cause burns to the digestive tract. Symptoms may include: 1. pain and inflammation of the mouth, pharynx,
esophagus, and stomach, 2. erosion of the mucous membranes (chiefly of the stomach), nausea, vomiting, choking,
coughing, hemorrhage, 3. circulatory collapse with cold and clammy skin (due to methemoglobinemia), cyanosis, and shallow
respirations, 4. confusion, delirium, coma, 5. edema of the pharynx, glottis, larynx with stridor and obstruction, 6. perforation
of the esophagus, or stomach, with mediastinitis or peritonitis. Inhalation causes slight to severe respiratory tract irritation and
delayed pulmonary edema. Prolonged or repeated inhalation may cause allergic respiratory reaction (asthma).

Section 12: Ecological Information

Ecotoxicity: Not available.

BOD5 and COD: Not available.

Products of Biodegradation:
Possibly hazardous short term degradation products are not likely. However, long term degradation products may arise.

Toxicity of the Products of Biodegradation: The product itself and its products of degradation are not toxic.

Special Remarks on the Products of Biodegradation: Not available.

Section 13: Disposal Considerations

Waste Disposal:
Dilute with water and flush to sewer of local ordinances allow, otherwise, whatever cannot be saved for recovery or recycling
should be managed in an appropriate and approved waste disposal facility. Waste must be disposed of in accordance with
federal, state and local environmental control regulations.

Section 14: Transport Information

DOT Classification: Class 8: Corrosive material

Identification: : Hypochlorite solution UNNA: 1791 PG: III

Special Provisions for Transport: Not available.

Section 15: Other Regulatory Information
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Federal and State Regulations:
Illinois toxic substances disclosure to employee act: Sodium hydroxide Illinois chemical safety act: Sodium hydroxide New
York release reporting list: Sodium hydroxide Rhode Island RTK hazardous substances: Sodium hydroxide Pennsylvania RTK:
Sodium hypochlorite; Sodium hydroxide Florida: Sodium hypochlorite Minnesota: Sodium hypochlorite; Sodium hydroxide
Massachusetts RTK: Sodium hypochlorite; Sodium hydroxide New Jersey: Sodium hypochlorite; Sodium hydroxide Louisiana
spill reporting: Sodium hydroxide TSCA 8(b) inventory: Sodium hypochlorite; Sodium hydroxide; Water CERCLA: Hazardous
substances.: Sodium hypochlorite: 100 lbs. (45.36 kg); Sodium hydroxide: 1000 lbs. (453.6 kg);

Other Regulations: OSHA: Hazardous by definition of Hazard Communication Standard (29 CFR 1910.1200).

Other Classifications:

WHMIS (Canada): CLASS E: Corrosive liquid.

DSCL (EEC):
R8- Contact with combustible material may cause fire. R31- Contact with acids liberates toxic gas. R36/38- Irritating to eyes
and skin. S28- After contact with skin, wash immediately with plenty of water. S36/37/39- Wear suitable protective clothing,
gloves and eye/face protection. S45- In case of accident or if you feel unwell, seek medical advice immediately (show the label
where possible).

HMIS (U.S.A.):

Health Hazard: 3

Fire Hazard: 0

Reactivity: 0

Personal Protection:

National Fire Protection Association (U.S.A.):

Health: 1

Flammability: 0

Reactivity: 0

Specific hazard:

Protective Equipment:
Gloves. Full suit. Vapor respirator. Be sure to use an approved/certified respirator or equivalent. Wear appropriate respirator
when ventilation is inadequate. Face shield.

Section 16: Other Information

References: Not available.

Other Special Considerations: Not available.

Created: 10/09/2005 06:32 PM

Last Updated: 11/06/2008 12:00 PM

The information above is believed to be accurate and represents the best information currently available to us. However, we
make no warranty of merchantability or any other warranty, express or implied, with respect to such information, and we assume
no liability resulting from its use. Users should make their own investigations to determine the suitability of the information for
their particular purposes. In no event shall ScienceLab.com be liable for any claims, losses, or damages of any third party or for
lost profits or any special, indirect, incidental, consequential or exemplary damages, howsoever arising, even if ScienceLab.com
has been advised of the possibility of such damages.



SUMMIT RESEARCH LABS - HUGUENOT DIVISION 
MATERIAL SAFETY DATA SHEET 

 
MATERIAL NAME:  SUMACLEAR 801B  Page 1 of 3 
   
EMERGENCY TELEPHONE NUMBER:  (845) 856-5261   
 

SECTION 1 - GENERAL INFORMATION 
 
MANUFACTURER’S NAME:   SUMMIT RESEARCH LABS - HUGUENOT DIVISION 
                               ADDRESS:    15 BIG POND ROAD 
                                         HUGUENOT, NEW YORK, USA   12746-0626 
 
PRODUCT AND TECHNICAL INFORMATION NUMBER: (908) 782-9500  

DESCRIPTION: PROPRIETARY BLEND 

NSF LISTED NAME: SUMACLEAR 801B 
MAXIMUM USE OF PRODUCT IN POTABLE WATER IS: 200mg/L 
        

SECTION 2 - HAZARDOUS INGREDIENTS 
 
CAS NO.  INGREDIENT                 TLV-TWA 
 
PROPRIETARY  CONTAINS WATER SOLUBLE   OSHA PEL FOR ALUMINUM, 
   ALUMINUM COMPOUNDS  SOLUBLE SALTS:   
        TWA 2 mg/M3 AS ALUMINUM 

 
SECTION 3 - EFFECTS OF OVEREXPOSURE 

 
EYES:   DIRECT CONTACT IRRITATES SLIGHTLY TO MODERATELY WITH REDNESS & 
SWELLING. 
 
SKIN: SINGLE, RELATIVELY SHORT EXPOSURE CAUSES NO KNOWN ADVERSE EFFECT. 
REPEATED EXPOSURES MAY CAUSE IRRITATION. 
 
INHALATION: INHALING DUST OR MIST CREATED DURING USE MAY INJURE THE  
RESPIRATORY SYSTEM AND CAUSE AN ADVERSE LUNG REACTION. 
 
ORAL: SMALL AMOUNTS TRANSFERRED TO THE MOUTH BY FINGERS DURING USE, ETC., 
SHOULD NOT INJURE.   SWALLOWING LARGE AMOUNTS MAY CAUSE INJURY. 
 
COMMENTS:  THIS PRODUCT, AS WITH ANY CHEMICAL, MAY ENHANCE ALLERGIC 
CONDITIONS ON CERTAIN PEOPLE.  

SECTION 4 - EMERGENCY AND FIRST AID PROCEDURES 

EYES: IMMEDIATELY FLUSH WITH WATER FOR 15 MINUTES; GET IMMEDIATE MEDICAL   
ATTENTION. 

SKIN: FIRST FLUSH WITH CLEAR WATER, THEN WASH WITH SOAP AND WATER. 

INHALATION:  GET MEDICAL ATTENTION FOR ANY DISCOMFORT. 

ORAL: GET MEDICAL ATTENTION IF LARGE AMOUNT SWALLOWED OR THERE IS ANY 
DISCOMFORT. 

NFPA HAZARD RATINGS 
HEALTH  2 
FLAMMABILTY 0 
REACTIVITY 0
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MATERIAL SAFETY DATA SHEET 

 
MATERIAL NAME:  SUMACLEAR 801B  Page 2 of 3 

 
SECTION 5 - FIRE AND EXPLOSION DATA 

 
FLASH POINT: NONE, PRODUCT IS NOT FLAMMABLE. 
 
UNUSUAL FIRE AND EXPLOSION HAZARDS: HAZARDOUS CHLORINE COMPOUNDS MAY 
FORM WHEN EXPOSED TO FIRE OR HIGH HEAT. 
 
EXTINGUISHING MEDIA: COOL CONTAINERS WITH WATER FOG. 
 
SPECIAL FIRE FIGHTING PROCEDURES: SELF-CONTAINED BREATHING APPARATUS AND 
PROTECTIVE CLOTHING SHOULD BE WORN IN FIGHTING FIRES INVOLVING 
 CHEMICALS. 
 

SECTION 6 - PHYSICAL DATA 
 
BOILING POINT: WATER PORTION WILL BOIL OFF AT 100C AT 760mm Hg. 
SPECIFIC GRAVITY AT 25C:  1.33 
MELTING POINT:   APPROX. 0C 
VAPOR PRESSURE:   AS WATER 
PERCENT VOLATILE BY WEIGHT: 50% 
SOLUBILITY IN WATER  100% 
APPEARANCE, COLOR, ODOR CLEAR, SLIGHTLY YELLOW LIQUID, SLIGHT ODOR. 
 
NOTE:   ABOVE INFORMATION IS NOT INTENDED FOR USE IN PREPARING SPECIFICATIONS. 
 

SECTION 7 - REACTIVITY DATA 
 
STABILITY: STABLE; HAZARDOUS POLYMERIZATION WILL NOT OCCUR. 
 
INCOMPATIBILITY (MATERIALS TO AVOID): STRONG OXIDIZERS MAY REACT WITH 
PRODUCT; CAUSTICS WILL PRECIPITATE ALUMINUM HYDROXIDE. 
 
CONDITIONS TO AVOID: EXPOSURE TO ABOVE AND CONTINUOUS HIGH TEMPERATURE. 
 
HAZARDOUS DECOMPOSITION PRODUCTS: CHLORIDE COMPOUNDS, NITROGEN AND 
CARBON OXIDES AND COMPOUNDS THAT MAY BE HAZARDOUS. 
 

SECTION 8 - SPILL, LEAK AND DISPOSAL 
 
IF MATERIAL IS SPILLED, USE ABSORBANT MATERIAL TO COLLECT AND CONTAIN.  WASH 
SPILL AREA WITH CLEAR WATER ONLY; SOAP MAY PRECIPITATE ALUMINUM HYDROXIDE. 
 
PERSONAL PROTECTIVE EQUIPMENT:   
EYES:  SAFETY GLASSES AS A MINIMUM.  GOGGLES IF SPLASHING COULD OCCUR. 
SKIN:  WASHING AT MEALTIME AND END OF SHIFT IS ADEQUATE. 
INHALATION: NO RESPIRATORY PROTECTION IS NEEDED UNLESS PRODUCT FORMS MIST. 
 
WASTE DISPOSAL METHOD: MUST CONFORM WITH LOCAL, STATE AND FEDERAL 
REGULATIONS CONCERNING HEALTH AND POLLUTION. CONTACT MANUFACTURER IF YOU 
HAVE ANY QUESTIONS. 
 
D.O.T. (49CFR  171.8)/E.P.A. (40CFR 117) SPILL REPORTING INFORMATION: 
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MATERIAL NAME:  SUMACLEAR 801B  Page 3 of 3 
HAZARDOUS SUBSTANCE:  NONE  REPORTABLE QUANTITY:  NOT APPLICABLE 
 

SECTION 9 - ROUTINE HANDLING PRECAUTIONS 
 
PERSONAL PROTECTIVE EQUIPMENT: 

EYES:   SAFETY GLASSES AT A MINIMUM, GOGGLES IF SPLASHING COULD OCCUR. 

SKIN:   SAFE HANDLING PRACTICES ARE TO AVOID CONTACT WITH ANY CHEMICALS; IF 
EXPOSED, REMOVE AS SOON AS POSSIBLE, WASH BEFORE MEALS AND AT END OF SHIFT. 

INHALATION:  RESPIRATORY PROTECTION NOT NEEDED UNLESS PRODUCT PRODUCES A 
MIST IN HANDLING, IN WHICH CASE USE DUST/MIST RESPIRATOR. 

VENTILATION: NO SPECIAL REQUIREMENTS. 

THESE PRECAUTIONS ARE FOR ROOM TEMPERATURE HANDLING.  USE AT ELEVATED  
TEMPERATURES OR AEROSOL/SPRAY APPLICATIONS MAY REQUIRE ADDED PRECAUTIONS. 

COMMENTS:  AVOID EYE CONTACT. 
 

SECTION 10 - SPECIAL PRECAUTIONS 
 
USE REASONABLE CARE AND CAUTION IN STORAGE AND HANDLING.  STORE BETWEEN 0C 
AND 49C . 
 

SECTION 11 - COMMENTS 
 
ADDITIONAL SARA REGULATORY COMPLIANCE INFORMATION: 
SEC. 312 HAZARD CLASS: IMMEDIATE AND DELAYED. 

SEC. 313 NOTIFICATION: NONE PRESENT IN REGULATED QUANTITIES 
 
THIS INFORMATION IS OFFERED IN GOOD FAITH AS TYPICAL VALUES AND NOT AS A 
PRODUCT SPECIFICATION.  NO WARRANTY, EITHER EXPRESSED OR IMPLIED IS HEREBY 
MADE.  THE RECOMMENDED INDUSTRIAL HYGIENE AND SAFE HANDLING PROCEDURES 
ARE BELIEVED TO BE GENERALLY APPLICABLE.  HOWEVER, EACH USER SHOULD REVIEW 
THESE RECOMMENDATIONS IN THE SPECIFIC CONTEXT OF THE INTENDED USE AND 
DETERMINE WHETHER THEY ARE APPROPRIATE. 
 
PREPARED BY: JOHN KRUPUNICH     DATE: 20JULY2006 
FILECODE: S801B 
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MATERIAL NAME:  SUMACLEAR P20     Page 1 of 3 

 1

   
EMERGENCY TELEPHONE NUMBER:  (845) 856-5261     
 
DISTRIBUTED BY: SUMMIT RESEARCH LABS - HUGUENOT DIVISION     
   15 BIG POND ROAD 
   HUGUENOT, NEW YORK 12746-0626 
   PRODUCT AND TECHNICAL INFORMATION NUMBER:  (908) 782-9500 

 
MATERIAL IDENTIFICATION 

 
PRODUCT NAME: SUMACLEAR P20 
CHEMICAL NAME: POLYQUATERNARY AMINE SOLUTION 
CAS NUMBER:  PRODUCT IS A BLEND OF PROPRIETARY MATERIALS 

NSF LISTED NAME: SUMACLEAR P20 
MAXIMUM USE OF PRODUCT  IN POTABLE WATER: 20 mg/L 

 
HAZARDOUS INGREDIENTS 

 

HAZARDOUS COMPONENTS    HAZARD DATA 

PRODUCT DOES NOT CONTAIN                              
SECTION 313 REPORTABLE CHEMICALS   NO TLV OR STEL ON INGREDIENTS   
 

HEALTH HAZARDS 
 
INHALATION:  MIST, IF FORMED, MAY IRRITATE RESPIRATORY TRACT. 

INGESTION:  MAY IRRITATE GASTROINTESTINAL TRACT. 

SKIN:  MAY CAUSE IRRITATION, ESPECIALLY AFTER PROLONGED OR REPEATED CONTACT. 

EYES:  MAY CAUSE IRRITATION, ESPECIALLY AFTER PROLONGED OR REPEATED CONTACT. 

UNUSUAL CHRONIC TOXICITY:  NONE KNOWN. 
  

FIRST AID MEASURES 
 

EYES AND FACE: IMMEDIATELY FLUSH WITH WATER  FOR 15  MINUTES.  GET MEDICAL ATTENTION. 

SKIN:  FLUSH WITH WATER FOR AT LEAST 15 MINUTES.  IF IRRITATION PERSISTS, GET MEDICAL ATTENTION. 

INHALATION:  REMOVE TO FRESH AIR.  GET IMMEDIATE MEDICAL ATTENTION. 

INGESTION:  DO NOT INDUCE VOMITING DUE TO LOW ORAL TOXICITY, GET IMMEDIATE MEDICAL ATTENTION. 
 

FIRE AND EXPLOSION HAZARDS 
 
FLASHPOINT AND METHOD OF DETERMINATION:  NONE, PRODUCTS ARE NOT FLAMMABLE. 
UNUSUAL FIRE HAZARDS:  NONE KNOWN 

UNUSUAL EXPLOSION HAZARDS:  NONE KNOWN 

NFPA HAZARD RATINGS
HEALTH  2 
FLAMMABILITY 0 
REACTIVITY  0 
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MATERIAL NAME:  SUMACLEAR P20     Page 2 of 3 
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PRECAUTIONS AND PROCEDURES 

 

FIRE EXTINGUISHING AGENTS RECOMMENDED:  COOL CONTAINERS WITH WATER FOG. 

SPECIAL FIRE FIGHTING:  WEAR  SELF-CONTAINED BREATHING APPARATUS APPROVED BY NIOSH.  USE  
WATER SPRAY TO KEEP CONTAINERS COOL.  SOLUTIONS OF PRODUCTS ARE SLIPPERY. 

VENTILATION:  LOCAL EXHAUST-IF MISTY CONDITIONS PREVAIL, NATURAL VENTILATION IS ADEQUATE IN  
THE ABSENCE OF MIST AND FOR NON-ENCLOSED AREAS. 

NORMAL HANDLING:  AVOID CONTACT WITH SKIN, EYES OR CLOTHING.  DO NOT INHALE MISTS.  USE  
NORMAL PERSONAL HYGIENE AND HOUSEKEEPING PRACTICES. 

STORAGE:  STORE ABOVE THE FREEZING POINT OF WATER AND BELOW 40 DEGREES CENTIGRADE. 
 

LEAK AND SPILL PROCEDURES 
 
DIKE AND ABSORB SPILL WITH INERT MATERIAL SUCH AS SAND, VERMICULITE OR DIRT.  SHOVEL INTO 
DRUMS FOR DISPOSAL.  DO NOT ALLOW SPILLS TO ENTER WATERWAYS.  WATER MAY BE USED TO COMPLETE 
CLEANING. 
 
OTHER PRECAUTIONS:  MATERIAL AND ITS SOLUTIONS MAY BE EXTREMELY SLIPPERY. 

 
PERSONAL PROTECTIVE EQUIPMENT 

 

RESPIRATORY PROTECTION:  IF PRODUCT FORMS A MIST, WEAR NIOSH DUST/MIST APPROVED RESPIRATOR. 

EYES AND FACE:  WEAR SAFETY GLASSES AS A MINIMUM, GOGGLES FOR RISK OF CONTACT. 

HANDS, ARMS AND BODY:  RUBBER GLOVES AND FULL WORK CLOTHING.  ADD PROTECTIVE CLOTHING  
(RUBBER) IF SPLASHING OR REPEATED CONTACT WITH MATERIAL IS LIKELY. 

OTHER CLOTHING & EQUIPMENT:  EYE WASH AND QUICK DRENCH SHOWER. 
 
 

PHYSICAL DATA 
 
PHYSICAL STATE:  LIQUID 
APPEARANCE AND ODOR:  AMBER COLORED LIQUID 
BOILING POINT:  100 DEGREES C 
SPECIFIC GRAVITY (H2O=1):  1.13 - 1.14 
VAPOR PRESSURE(MM HG @ 20c).NDA (NO DATA AVAILABLE) 
SOLUBILITY IN WATER:  COMPLETE 
pH:  5.5 - 6.6 
% VOLATILES BY VOLUME (AT 20C):  NOT TESTED 
EVAPORATION RATE:   (NO DATA AVAILABLE) 
 

REACTIVITY DATA 
 
CONDITIONS TO AVOID: FREEZING TEMPERATURES AND HEAT GREATER THATN 40C 

INCOMPATIBILITY (MATERIALS TO AVOID):  .STRONG OXIDIZING AGENTS 

DECOMPOSITION PRODUCTS:  MAY PRODUCE CARBON DIOXIDE AND/OR CARBON MONOXIDE; OXIDES OF   
NITROGEN AND SOME HYDROCHLORIC ACID VAPORS. 

HAZARDOUS POLYMERIZATION:WILL NOT OCCUR. 
 



SUMMIT RESEARCH LABS - HUGUENOT DIVISION 
MATERIAL SAFETY DATA SHEET 

 
MATERIAL NAME:  SUMACLEAR P20     Page 3 of 3 

 3

 
ENVIRONMENTAL  

 
DEGRADABILITY:  (NO DATA AVAILABLE) 

AQUATIC TOXICITY:  CATIONIC POLYMERS ARE TOXIC TO FISH  

WASTE DISPOSAL METHODS  INCINERATION AND/OR DISPOSAL IN CHEMICAL LANDFILL.  DISPOSER MUST  
COMPLY WITH FEDERAL, STATE AND LOCAL DISPOSAL OR DISCHARGE LAWS. 

RCRA STATUS OF UNUSED MATERIAL IF DISCARDED:  NOT A HAZARDOUS WASTE. 

HAZARDOUS WASTE NUMBER:  NONE 

REPORTABLE QUANTITY (RQ):   NONE 

THRESHOLD PLANNING QUANTITY:  NONE 

TOXIC CHEMICAL RELEASE REPORTING:  NOT APPLICABLE 
 

EPA HAZARD CLASSIFICATION CODE 
 
ACUTE HEALTH HAZARD:  YES 

FIRE:  NO 

CHRONIC HEALTH HAZARD:  NO 

PRESSURE:  NO 
 

COMMENTS 
 
THESE DATA ARE OFFERED IN GOOD FAITH AS TYPICAL VALUES AND NOT AS A PRODUCT SPECIFICATION. 
NO WARRANTY, EITHER EXPRESSED OR IMPLIED, IS HEREBY MADE.  THE RECOMMENDED INDUSTRIAL 
HYGIENE AND SAFE HANDLING PROCEDURES ARE BELIEVED TO BE GENERALLY APPLICABLE.  HOWEVER, 
EACH USER SHOULD REVIEW THESE RECOMMENDATIONS IN THE SPECIFIC CONTEXT OF THE INTENDED  
USE AND DETERMINE WHETHER THEY ARE APPROPRIATE. 
 
PREPARED BY: JOHN KRUPUNICH     DATE: 20July2006 
Filecode:  P20 



Section 1 - Product Identi!cation
PRODUCT NAME: Sodium Carbonate/Soda Ash
GENERAL USE: Glass manufacture, detergent manufacture, sodium chemicals and carbonate chemicals manufacture, pulp 
and paper, brine treatment, water hardness removal, pH adjustment in water or wastewater, !ue gas desulfurization, coal 
treatment, ion exchange resin regeneration.

Section 2 - Hazardous Identi!cation
EMERGENCY OVERVIEW: White, odorless, granular solid. Product is non-combustible. Reacts with acid to release carbon 
dioxide gas and heat. Irritating to the eyes and continuous contact may irritate the skin. Not expected to be toxic to the 
environment, nor to aquatic organisms.
POTENTIAL HEALTH EFFECTS: Direct contact with the product causes irritation of the eyes and continuous contact may cause skin 
irritation (red, dry, cracked skin). Excessive levels of airborne dust may irritate the mucous membranes and upper respiratory tract.

Section 3 - Composition/Information on Ingredients
CHEMICAL NAME (COMMON NAME) CAS NO. WT. % EC NO. EC CLASS 
Sodium Carbonate Anhydrous 497-19-8 99.8% 207-838-8 R36; S2-22-26

Section 4 - First Aid Measures
EYES: Immediately !ush with water for at least 15 minutes, lifting the upper and lower eyelids intermittently. See a medical 
doctor or ophthalmologist as necessary.
SKIN: Wash with plenty of soap and water. Get medical attention if irritation occurs and persists.
INGESTION: Rinse mouth with water. Dilute by giving 1 or 2 glasses of water. Do not induce vomiting. Never give anything by 
mouth to an unconscious person. See a medical doctor immediately.
INHALATION: Remove to fresh air. If breathing di"cultly or discomfort occurs and persists, obtain medical attention.
Notes to Medical Doctor: While internal toxicity is low, irritant e#ects of high concentrations may produce corneal opacities and 
vesicular skin reactions in humans with abraded skin only. Treatment is symptomatic and supportive.

Section 5 - Fire Fighting Measures
EXTINGUISHING MEDIA: Water, water fog, carbon dioxide (CO2), dry chemical
FIRE/EXPLOSION HAZARDS: not applicable
FIRE FIGHTING PROCEDURES: Wear full protective clothing and self-contained breathing apparatus.
FLAMMABLE LIMITS: not applicable
HAZARDOUS COMBUSTION PRODUCTS: Fumes of sodium oxide.
SENSITIVITY TO IMPACT: none
SENSITIVITY TO STATIC DISCHARGE: none

Section 9 - Accidental Release Measures
PERSONAL PRECAUTIONS: Refer to Section 8 Exposure Controls/Personal Protection.
CONTAINMENT: Prevent large quantities of this product from contacting vegetation or waterways; large spills could kill 
vegetation and $sh.
CLEAN UP: This product, if spilled, can be recovered and re-used if contamination does not present a problem. Vacuum or sweep 
up the material. If the spilled product is unusable due to contamination, consult state or federal environmental agencies for 
acceptable disposal procedures and locations. See Section 13 Disposal Considerations.
NOTIFICATION REQUIREMENTS: Federal regulations do not require noti$cation for spills of this product. State and local 
regulations may contain di#erent requirements; consult local authorities.
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Section 7 - Handling and Storage
HANDLING: Use air conveying/mechanical systems for bulk transfer to storage. For manual handling or bulk transfer use mechanical 
ventilation to remove airborne dust from rail car, ship or truck. Use approved respiratory protection when ventilation systems are not 
available. Selection of respirators is based on the dust cloud generation. Keep material out of lakes, streams, ponds and sewer drains.
STORAGE: Store in cool, dry area, away from acids.

Section 8 - Exposure Controls / Personal Protection
ENGINEERING CONTROLS: Where possible, provide general mechanical and/or local exhaust ventilation to prevent release of 
airborne dust into work environment.
PERSONAL PROTECTIVE EQUIPMENT

EYES AND FACE: Appropriate eye and face protection equipment (ANSI Z87 approved) should be selected for the 
particular use intended for this material. Safety glasses with side shields are recommended.
RESPIRATORY: Whenever dust is  in the worker’s breathing zone cannot be controlled with ventilation or other 
engineering means, workers should wear respirators or dust masks approved by NIOSHA/MSHA, EU CEN or comparable 
certi$cation organization to protect them against airborne dust.
PROTECTIVE CLOTHING: Dry product is generally non-irritating to intact skin. However, this product can be irritating 
where skin has been damaged and can create skin irritation after long exposures when moisture is present. Under such 
conditions, gloves and long-sleeved clothing are recommended to minimize skin contact.

ADDITIONAL EXPOSURES GUIDELINES: Federal guidelines treat the ingredients in this product as a nuisance dust, as no 
product-speci$c guidelines have been issued for exposure. As with all nuisance dusts, worker breathing zone concentrations 
should be measured by validated sampling and analytical methods. The following limits (OSHA and MSHA) apply to this material:

Particulates not otherwise regulated: OSHA (PEL/TWA):  15 mg/m3 (total dust); 5mg/m3 (resp fraction)
   MSHA (PEL/TWA):  10 mg/m3 (total dust)

The information noted above provides general guidance for handling this product. Speci$c work environments and material 
handling practices will dictate the selection and use of personal protection equipment (PPE).

Section 9 - Physical and Chemical Properties
ODOR: Odorless
APPEARANCE: White, granular solid
AUTO-IGNITION TEMPERATURE: not applicable
BOILING POINT: Decomposes
COEFFICIENT OF OIL/WATER: not applicable
DENSITY/WEIGHT PER VOLUME: (g/mL) Dense Grades = 0.86 - 1.12; Light Grades = 0.70 - 0.90
EVAPORATION RATE: not applicable
FLASH POINT: Non-combustible
FREEZING POINT: 851° C (1564° F)
ODOR THRESHOLD: not applicable
OXIDIZING PROPERTIES: not applicable
PERCENT VOLATILE: not applicable
EVAPORATION RATE: not applicable
pH: 11.4 (1% solution)
SOLUBILITY IN WATER: 33.2% maximum
VAPOR DENSITY: not applicable
VAPOR PRESSURE: not applicable

Section 10 - Stability and Reactivity
CONDITIONS TO AVOID: Contact with acids except under controlled conditions.
STABILITY: Stable
POLYMERIZATION: Will not occur
INCOMPATIBLE MATERIALS: Reacts with acids with release of large volumes of carbon dioxide gas and heat.
HAZARDOUS DECOMPOSITION PRODUCTS: Heated to decomposition, it emits fumes of sodium oxide.
MATERIALS TO AVOID: Aluminum powder, acids, !uorine, molten lithium

Material Safety Data Sheet — Sodium Carbonate/Soda Ash Revision Date: February 2, 2007
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Section 11 - Toxicological Information
EYE EFFECTS: Severe irritant (rabbit) (Toxicology 23:281 (1982)).
SKIN EFFECTS: Non-irritating to intact skin. Minor irritation may occur on abraded skin.  (Toxicol. Appl. Pharmacol. 31:481 (1975))
DERMAL LD50: No data available for the product.
ORAL LD50: Harmful if swallowed.
INHALATION LC50: 2.3mg/1 (2h) (rat) (Environ, Res. 31:138 (1983)).
SENSITIZATION: 0.25% sodium carbonate: Non-sensitizing (human) (Toxicol. Appl. Pharmacol. 31:481 (1975)).
TARGET ORGANS: Eyes.
ACUTE EFFECTS FROM OVEREXPOSURE: May cause severe irritation of the eyes, including corneal opacities. Dusts and mists 
may be irritating to the skin, mucous membranes and upper respiratory tract. No signi$cant acute toxicological e#ects expected.
CHRONIC EFFECTS FROM OVEREXPOSURE: No data available for the product.
 EYES: Immediately !ush with cool, running water for at least 15 minutes.
 SKIN: Immediately wash skin and clothing with soap and water.
 INHALATION: Remove to fresh air. If breathing is di"cult, get medical attention.
 INGESTION: Rinse mouth at once; give vinegar or juice of lemon, orange or grapefruit. Do not induce vomiting.
CARCINOGENICITY:
 NTP: not listed
 IARC: not listed
 OSHA: not listed
 OTHER: (ACGIH) not listed

Section 12 - Ecological Information
ECOTOXICOLOGICAL INFORMATION: 96-hour LC50 = 265-565 mg/L (daphnia magnia) (low toxicity)
 96-hour LC50 = 300-320 mg/L (bluegill sun$sh) (low toxicity)
CHEMICAL FATE INFORMATION: Biodegradability does not apply to inorganic substances. No signi$cant toxicity to aquatic 
organisms is expected.

Section 13 - Disposal Method
DISPOSAL METHOD: When this product is discarded or disposed of, as purchased, it is neither a characteristic nor a listed 
hazardous waste according to US Federal RCRA regulations (40 CFR 261). As a non-hazardous waste the material may be disposed 
of in a land$ll in accordance with government regulations; check local or state regulations for applicable requirements prior to 
disposal. Any processing, usage, alteration, chemical additions to, or contamination of, the product may alter the disposal 
requirements. Under Federal regulations, it is the generator’s responsibility to determine if a waste is a hazardous waste.

Section 14 - Transportation Information
US DEPARTMENT OF TRANSPORTATION (DOT)
 PROPER SHIPPING NAME: not regulated
 PRIMARY HAZARD CLASS/DIVISION: not applicable
 UN/NA NUMBER: none
 LABEL(S): not applicable
 PLACARD(S): not applicable
 MARKING(S): not applicable
 ADDITIONAL INFORMATION: Hazardous Substance/RQ:  not applicable  49 STCC Number:  not applicable
INTERNATIONAL MARITIME DANGEROUS GOODS (IMDG)
 ADDITIONAL INFORMATION: not regulated
ADR - EUROPEAN AGREEMENT CONCERNING THE INTERNATIONAL CARRIAGE OF DANGEROUS GOODS BY ROAD
 ADDITIONAL INFORMATION: not regulated
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Section 15 - Regulatory Information
UNITED STATES
SARA TITLE III (SUPERFUND AMENDMENTS AND REAUTHORIZATION ACT) 
 SECTION 302 EXTREMELY HAZARDOUS SUBSTANCES (40 CFR 355, APPENDIX A): not listed
 SECTION 311 HAZARD CATEGORIES (40 CFR 370): Immediate (Acute) Health Hazard
 SECTION 312 THRESHOLD PLANNING QUANTITY (40 CFR 370): The Threshold Planning Quantity (TPQ) for this product, if 
 treated as a mixture, is 10,000 lb; however, this product contains the following ingredients with a TPQ of less than 10,000 lb: None
 SECTION 313 HAZARD REPORTABLE INGREDIENTS (40 CFR 370): not listed
CERCLA (COMPREHENSIVE ENVIRONMENTAL RESPONSE COMPENSATION AND LIABILITY ACT)
 CERCLA DESIGNATION AND REPORTABLE QUANTITIES (RQ) (40 CFR 302.4): not listed
TSCA (TOXIC SUBSTANCE CONTROL ACT)
 TSCA INVENTORY STATUS (40 CFR 710): listed
RESOURCE CONSERVATION AND RECOVERY ACT (RCRA)
 RCRA IDENTIFICATION OF HAZARDOUS WASTE (40 CFR 261): Waste Number: Refer to Section 13 Disposal Methods for RCRA status.
CANADA
WHMIS (WORKPLACE HAZARDOUS MATERIALS INFORMATION SYSTEM)
 PRODUCT IDENTIFICATION NUMBER: not applicable
 HAZARD CLASSIFICATION / DIVISION: D.2.B, E
 INGREDIENT DISCLOSURE LIST: listed
 DOMESTIC SUBSTANCE LIST: listed
 E NUMBERS: E500
 EU EINECS NUMBERS: 011-005-00-2
INTERNATIONAL LISTINGS
 AUSTRALIA (AICS): listed
 CHINA: listed
 JAPAN (ENCS): (1)-164
 KOREA: KE-31380
 PHILIPPINES (PICCS): listed
INTERNATIONAL LISTINGS
 AUSTRALIA (AICS): listed
 HAZARD, RISK AND SAFETY PHRASE DESCRIPTIONS
 SODIUM CARBONATE: 
  EC Symbols: Xi (irritant)
  EC Risk Phrases: R36 (Irritating to eyes)
  EC Safety Phrases: S2 (Keep out of reach of children)
   S22 (Do not breathe dust)
   S26 (In case of contact with eyes, rinse immediately with plenty of water and seek medical advice)

The information and recommendations in this Material Safety Data Sheet are based upon data believed to be correct and does not 
relate to its use in combination with any other material or process. Since use conditions vary, we assume no liability for failure to 
follow product use direction and safety precautions. As data, standards and regulations change; NO WARRANTY, EXPRESS OR 
IMPLIED, IS MADE AS TO THE COMPLETENESS OR CONTINUING ACCURACY OF THIS INFORMATION.
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PRODUCT IDENTIFICATION
Product name: Vita-D-Chlor, Tablets
Functional use: Dechlorinator
Chemical formula: Proprietary
Chemical family: Organic acid
Product number: V325.50

COMPOSITION/INFORMATION ON INGREDIENTS
ACGIH TLV/TWA OSHA PEL/TWA

Organic acid 75% Not listed Not listed
Organic binder 25% Not listed Not listed

PHYSICAL DATA

HEALTH HAZARD INFORMATION
Effects of overexposure:

Contact: Contact may cause skin or eye irritation.
Ingestion: No harmful effects expected.
Inhalation: Inhalation may irritate the nose, throat and upper respiratory tract.

Chronic effects of overexposure: None identified
Medical conditions aggravated by exposure: None identified
Target organs: None identified
Reproductive effects: None identified
Exposure limits: None established
Toxicity data: No information available
Carcinogenicity: No listings by NTP, IARC, or OSHA

HAZARD OVERVIEW
HMIS Rating: 0-1-0-B
NPFA: None established

Warning Label:  Caution.  Use safe chemical handling practices.  Keep container  closed.  Use with adequate ventilation.
Avoid breathing dust.  Avoid contact with skin, eyes, and clothing.  Wash thoroughly after handling.

Boiling point: NA
Melting point: NA
Specific gravity: NA
Evaporation rate: NA
Vapor pressure: NA

Vapor density: NA
Solubility: 33g/100mL water @25°C
pH (1% solution): 2 to 3
Appearance: 2 5/8” tablets, slight citrus odor

FIRE AND EXPLOSION DATA
Flash point: NA
Auto-ignition temperature: NA
Flammable limits (% by volume in air)

Upper: NA
Lower: NA

Fire extinguishing media: Water spray, CO2, dry chemical, or foam
Special firefighting procedures: Use water to cool nearby containers and structures.  Wear full protective equipment,

including suitable respiratory protection.
Unusual fire and explosion hazards:  As with most organic solids, combustion is possible at elevated temperatures.

Manufactured by:
Integra Chemical Co
1216 6th Ave N
Kent  WA  98032
253.479.7000

MATERIAL SAFETY DATA SHEET
MSDS Number: V325, Revision 005
Revision date: 4/8/08
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REACTIVITY DATA
Stability: Stable
Hazardous polymerization: Will not occur
Incompatibles: Incompatible with strong acids, strong bases, strong oxidizers
Decompostion products: Oxides of carbon (CO, CO2)
Conditions to avoid: Exposure to light, air, moisture and high temperatures.

SPILL AND DISPOSAL PROCEDURES
Spill and leak procedures:  Sweep or scoop into clean, dry disposal container.  Wear protective equipment.  Flush spill area
with water.
Disposal procedures:  Dispose in accordance with all Local, State and Federal regulations.

PROTECTIVE EQUIPMENT
Ventilation:  Use adequate general or local exhaust ventilation to keep fume dust levels as low as possible.
Respiratory protection: None needed unless use generates annoying or irritating dusts. Use a dust respirator mask if neces-
sary.
Skin and eye protective equipment:  Safety glasses.  Use good chemical handling practices.

STORAGE AND HANDLING PRECAUTIONS
Storage area:  General.  Store in a cool, dry area.  Keep away from incompatible substances.  Protect from direct light and
minimize contact with air.  Protect containers from physical damage.  Keep material dry.

TRANSPORTATION INFORMATION
Material is not regulated via either ground or air transportation.

EMERGENCY FIRST AID PROCEDURES
Skin contact: Wash with soap and water.  Seek medical attention if irritation develops.
Eye contact: Flush eyes with water for at least 15 minutes.  If irritation persists, seek medical attention.
Inhalation: Remove to fresh air.  If adverse symptoms develop, seek medical attention.
Ingestion: If adverse symptoms develop, seek medical attention.

REGULATORY INFORMATION
TSCA Inventory: SARA EHS TPQ:
CERCLA RQ: SARA 313 Toxic Release de minimus:
SARA hazard categories: Acute Chronic Flammability Pressure Reactvity

Clean Air Act categories: SOCMI HAP Volatile HAP Organic HAPOzone depleting

NE = Not established; NA = Not applicable or Not available
The information presented above is offered for informational purposes only.  This MSDS, and the associated product, is intended for use only by technically
qualified persons, and at their own discretion and risk.  Since conditions and manner of use are outside the control of Integra Chemical Company, we make

no warranties, either expressed or implied, and assume no liability in connection with any use of the information.

Manufactured by:
Integra Chemical Co
1216 6th Ave N
Kent  WA  98032
253.479.7000

MATERIAL SAFETY DATA SHEET
MSDS Number: V325, Revision 005
Revision date: 4/8/08
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24 Hour Emergency Response:  CHEMTREC 800-424-9300
(Outside USA: 703-527-3887)

Tablets

MSDS Revision History:
001 - Original MSDS
002 - Updated header information
003 - Zip Code Change
004 - Overall review, reformat

005 - Updated header information
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