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Acronym Definition
AC Asbestos Cement

AC-FT/YR Acre-feet per Year
A-COMM Group A Community Water System

ADD Average Day Demand
AG Air Gap

ANSI American National Standards Institute
A-NTNC Group A Non-Transient Non-Community Water System
A-TNC Group A Transient Non-Community Water System
AWWA American Water Works Association

BAT Backflow Assembly Technician
BTO Basic Treatment Operator
CCC Cross Connection Control
CCR Consumer Confidence Report
CCS Cross Connection Specialist
CEU Continuing Education Unit
CF 100 cubic feet

CFR Code of Federal Regulations
CFR Calculated Fixed Radius
CIP Capital Improvement Plan
CPI Consumer Price Index
CU Color Unit

CWSP Coordinated Water System Plan
DBP Disinfectant Byproduct
DI Ductile Iron

DOE Washington State Department of Ecology
DOH Washington State Department of Health
DSL Distribution System Leakage
EPA Environmental Protection Agency
ERU Equivalent Residential Unit
FF Fire Flow Rate, gpm

FPS Feet per Second
FWSD Freeland Water & Sewer District
GPD Gallons per Day
GPM Gallons per Minute

GROUP A Group A Water System
GROUP B Group B Water System

HAA5 Haloacetic Acids
HDPE High Density Polyethylene

HERB1 General Herbicide

LIST OF ACRONYMS
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Acronym Definition
HGL Hydraulic Grade Line
HH Harbor Hill Water System

HHC Harbor Hills Community Water System
ICCP Island County Comprehensive Plan
IOC Inorganic Chemical and Physical
LID Local Improvement District

LRAA Locational Running Annual Average
LUST Leaking Underground Storage Tank
MCL Maximum Contaminant Level
MDD Maximum Day Demand
MFL Millions of Fibers per Liter
MG Million gallons

mg/L Milligrams per Liter
MTCA Model Toxics Control Act

N Number of ERUs for Design
NMUGA Non-Municipal Urban Growth Area

NSF National Sanitation Foundation
NTU Nephelometric Turbidity Unit
O&M Operation and Maintenance
pCi/L Picocuries per Liter

PEST1 General Pesticide
PGG Pacific Groundwater Group, Inc.
PHD Peak Hour Demand
PLC Programmable Logic Controller
PM Preventative Maintenance

PRV Pressure Reducing Valve
PSI Pounds per square inch

PVC Polyvinyl Chloride
PWTF Public Works Trust Fund

Qa Maximum annual withdrawal allowed under a water right
Qi Maximum instantaneous withdrawal rate allowed under a water right
QL Capacity of Largest Single Source, gpm
QPH Peak Hourly Demand, gpm
QS Total Source of Supply Capcity (excluding emergency supplies), gpm
R Rural

RA Rural Agriculture
RCRA Resource Conservation and Recovery Act
RCW Revised Code of Washington

RF Rural Forest
ROW Right-of-Way
RPBA Reduced Pressure Backflow Assembly
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Acronym Definition
RPDA Reduced Pressure Detector Assembly

SCADA Supervisory Control and Data Acquisition
SMA Satellite Management Agency
SOC Synthetic Organic Chemical

SR525 State Route 525
SVF Sunny View Farms

TTHM Total Trihalomethanes
ULID Utility Local Improvement District
UST Underground Storage Tank
VES Equalizing Storage, gallons
VFSS Volume of Fire Suppression Storage, gallons
VOC Volatile Organic Chemical
VSB Total Standby Storage, gallons

WAC Washington Administrative Code
WDM Water Distibution Manager

WETRC Washington Environmental Training Resource Center
WFI Water Facilities Inventory

WHPA Wellhead Protection Area
WLCAP Water Loss Control Action Plan
WSDOT Washington State Department of Transportation

WSP Water System Plan
WTPO Water Treatment Plant Operator
WUE Water Use Efficiency
WWS Whidbey Water Services, LLC
ZOC Zones of Contribution (aka "Capture Zones")
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April 2019 Water System Plan 

Well 2:  The well log for Well 2 indicates it was drilled in 1980 with a completed depth 
of 200 feet and a tested capacity of 42 gpm.  It is not clear from the record when this well 
was acquired by, and put into service for, FWSD; however, Certificate of Change for 
Water Right 5825-A was issued December 1985, adding Well 2 as a second point of 
withdrawal. 
 
Wood-Stave Reservoir Replaced:  FWSD constructed a new 200,000-gallon concrete 
storage reservoir in 1990 to replace the wood stave tank, which was converted into a 
District maintenance workshop building, which is still in use.  The district is currently 
installing an iron and manganese treatment system in the building that was the old wood 
stave reservoir. 
 
Data System Improvements and System Expansion:  In 1991 the District established a 
computerized system for tracking both well withdrawal and individual user consumption 
data, which aids in leak detection.  Also, in 1991/1992, the District extended its 
boundaries pursuant to an annexation petition and almost tripled its area.  Water Right 
Application G1-29039, dated June 1999, indicates that FWSD was serving an area of 
1,029.6 acres using two wells and a 200,000-gallon water storage tank.  Amended Water 
Right Application G1-29039, dated October 2002, indicates that at that time the system 
was serving 376 ERUs. 
 
Well 1 Rehabilitated:  In 1999 Well 1 was rehabilitated to remove mineral buildup from 
the well screen.  Testing and analysis at the time recommended a maximum pumping rate 
of 180 gpm. 
 
Well 3:  The well log for Well 3 indicates that it was completed in August 2000, with a 
completed depth of 368 feet and a tested capacity of 90 gpm.  The well was acquired by 
the District in 2002 and put into service in 2009.  Amended water right application G2-
28039 is dated October 2002.  Water from this well has excessive iron and manganese, so 
use of this well was limited until a treatment system was installed in 2011. 
 
2004 Water System Plan Update:  FWSD completed and received approval for their 
2004 WSP update. 
 
New Pump Station:  FWSD constructed a new pump station in 2003 that provided the 
minimum system pressures required for the customers on the west end of Bercot Road 
near the intersection with Honeymoon Bay Road.  That pump station has since been 
removed and the area is now pressurized by an intertie with the HHC water system. 
 
Cameron Road Extension:  The Cameron Road loop was completed in 2004 with an 
8-inch main extension crossing State Route 525 (SR 525) and connecting with an existing 
water main on Cameron Road approximately 300 feet south of SR 525.  
 
Stewart Road Water Main Replacement: The existing 6-inch AC water main along 
Stewart Road was replaced with a new 8-inch HDPE water main in 2004. 
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FWSD Well 3 (DOE ID #AFJ868)8 was completed in July 2000.  It is a 6-inch well 
drilled to a depth of 369 feet with a 6-inch 0.30-slot stainless steel screen between 357 
and 368 feet depth.  At the time it was drilled it had a static water level 321.5 feet below 
land surface and was pump tested at 90 gpm with 13 feet of drawdown after four hours of 
pumping.  Well 3 has elevated levels of iron and manganese, which cause staining of 
household fixtures and laundry.  For this reason Well 3 was used only minimally until 
2011 when a treatment system was installed at the well site.  Based on well run-time 
hours pumped and metered water production between January 2011 and August 2017, 
Well 3 pumps at an average rate of approximately 124 gpm. 
 
FWSD also has an intertie with HHC water system.  The intertie presently supplies water 
on a continuous basis to six FWSD residential customers that otherwise would experience 
low water pressure and could supply water on an emergency basis (e.g., fire flow) 
through a pressure reducing valve station to the FWSD system.  The HHC water system 
operates at a higher HGL than the FWSD water system at the point of the intertie, and 
there is no pumping system at the intertie, so the intertie transfers water only from HHC 
water system to FWSD, but not vice versa. 
 
SVF water system has one well, identified as SVF Well (DOE ID #ALQ382)9.  SVF Well 
was completed in August 1994.  It is a 6-inch well drilled to a depth of 235 feet and 
screened between 220 and 235 feet depth with a 6-inch, 0.10-slot, stainless steel screen.  
SVF Well had a static water level 203 feet below land surface, and was pump tested at 
the time of construction at 10 gpm with 5 feet of drawdown after two and a half hours of 
pumping.  Metered production and run time data are not available for the SVF well.  The 
production capacity of the SVF well is reported by FWSD to be 40 gpm. 
 
  

 
8 The name on the Well 3 log is David McClellan. 
9 The name on the SVF Well log is Steve Arnold. 
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TABLE 1 -5 
 

Existing Water Mains 
 

Pipe Size, 
inches 

AC, 
feet 

PVC, 
feet 

HDPE, 
feet DI, feet 

Totals, 
feet Percent 

2 35 2,534 0   2,569 3.0% 
4 900 3,863 0   4,763 5.6% 
6 3,260 17,325 0   20,585 24.2% 
8 1,961 42,374 3,667 95 48,097 56.6% 
10 4,274 4,636 0   8,910 10.5% 

Totals, feet 10,430 70,732 3,667 95 84,924 100.0% 
Percent 12.3% 83.3% 4.3% 0.1% 100.0%  

 
Pressure Zones 
 
The FWSD water system operates primarily on a single pressure zone controlled by the 
water elevation in Reservoir 1.  The overflow elevation of Reservoir 1 is 286.15 feet, so 
this main zone is referred to as the 286-foot pressure zone, although the operational water 
level in Reservoir 1 fluctuates between 284 and 285 feet during normal operation. 
 
There are four additional small pressure zones.  The first additional pressure zone is the 
area fronted by the water line between Reservoir 2 and Reservoir 1.  With a Reservoir 2 
overflow elevation of 344.5 feet, we will refer to this as the 344-foot pressure zone.  This 
zone is fed by Well 3.  This zone feeds the 286-foot pressure zone through a pressure 
reducing valve.  There are currently no services on the 344-foot pressure zone. 
 
A second additional pressure zone consists of a pump station located at the Well 1 site 
and a four-inch water main extending from the pump station to a house located 
immediately adjacent to Reservoir 2.  The house is at an elevation of approximately 
320 feet.  If the district is maintaining a pressure of 50 psi at this house, then the 
Hydraulic Grade Line (HGL) for this zone is 435 feet.  There are two residential services 
on this 435-foot pressure zone. 
 
A third additional pressure zone is the higher elevations of the Fish Forest community, 
located off from Fish Road at the south end of the water system.  The pump station is 
located at the intersection of Silver Fin Drive and Sockeye Lane, and boosts pressure for 
the six lots located on the northeast branch of Sockeye Lane.  The highest elevation 
served by this pump station is approximately 230 feet.  To maintain a minimum service 
pressure of 50 psi, the HGL for the Sockeye Lane pressure zone is 345 feet. 
 
A fourth pressure zone is the north end of Honeymoon Bay Road and the west end of 
Bercot Road east of Honeymoon Bay Road.  This section of the FWSD water system is 
isolated from the main system by a closed gate valve on Honeymoon Bay Road 
approximately 900 feet south of Bercot Road, and by a pressure reducing valve on Bercot 
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Road approximately 550 feet east of Honeymoon Bay Road.  This zone is fed through a 
master meter from the HHC water system. 
 
Pump Stations 
 
The FWSD water system includes two pump stations: The Well 1 pump station and the 
Silver Fin Drive pump station. 
 
Well 1 Pump Station 
 
The Well 1 pump station, located at the Well 1 site, serves two residences on the 435-foot 
pressure zone described above.  The elevation at the Well 1 site is approximately 
246 feet.  Therefore, to maintain a pressure of 50 psi at the house adjacent to Reservoir 2, 
the pump output pressure should be approximately 82 psi. 
 
Silver Fin Drive Pump Station 
 
The Silver Fin Drive pump station is located at the intersection of Silver Fin Drive and 
Sockeye Lane at an elevation of approximately 135 feet.  The pump station consists of 
three pumps, controlled by a variable frequency drive.  The system currently serves three 
residences, and has the potential to serve up to six total residences.  The highest elevation 
served by this pump station is approximately 230 feet.  To maintain a pressure of 50 psi 
at the highest water service, the HGL is 345 feet.  The system must maintain a minimum 
output pressure of approximately 91 psi to maintain a HGL of 345 feet. 
 
Pressure Reducing Stations 
 
There are two pressure reducing stations in the FWSD water system.  One is located at 
Reservoir 1, is solenoid activated, and allows water to flow from Reservoir 2 to Reservoir 
1 when activated.  The other is located at the north end of the system on Bercot Road, and 
allows water to flow from the HHC water system to the FWSD water system in the event 
of low pressure on the FWSD water system. 
 
BACKUP POWER 
 
A propane powered generator and manual transfer switch are located outside the Well 1 
well house.  The generator set is capable of providing the power needed for Well 1, the 
Well 1 booster pump system, the system telemetry, and the solenoid valve in the PRV 
station allowing water to be drawn from Reservoir 2 as needed in the event of a power 
outage.  A separate backup power supply is also located at the Silver Fin Drive pump 
station. 
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COMPLAINTS  
 
Policy for Dealing with Complaints 
 
Complaints are forwarded to the District administration for investigation.  The District 
administration makes contact with the complainant, when necessary, investigates the 
complaint, resolves the complaint when possible, or recommends a solution to the Board 
of Commissioners.  The District Manager is responsible for resolving the complaint, 
contacting the complainant regarding the resolution of the complaint, and recording the 
resolution of the complaint in the complaint log.  Complaints unresolved by the District 
Manager may be appealed to the Board of Commissioners. 
 
Complaint Record Keeping 
 
All complaints are promptly referred to and handled by Whidbey Water Services.  A log 
of complaints is kept at Whidbey Water Services Business Office. If necessary, the 
system operator is dispatched to investigate the complaint.  However, most contacts are 
in regard to billing matters. 
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FIGURE 2-1 
 

Projected Service Area Population 
 
CURRENT SERVICE CONNECTIONS 
 
During 2017, FWSD served a total of 587 active service connections including 486 active 
residential connections and 101 active commercial connections. 
 

TABL E 2-2 
 

FWSD Active Service Connections in 2017 
 

Customer Description 
Active Service 
Connections 

Percent of 
Total 

Residential 486 82.8% 
Commercial 101 17.2% 
Total Active Connections 587 100.00% 
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TOTAL ANNUAL PRODUCT ION 
 
Annual water production is summarized in Table 2-3.  The table shows a steady increase 
in total production from 2011 through 2017.  The lowest production year was 2011, and 
the highest production year was 2017. 
 

TABL E 2-3 
 

Annual Water Production Records 
 

 Well 1 Well 2 Well 3 Totals 
Year MG Ac Ft MG Ac Ft MG Ac Ft MG Ac Ft 
2011 10.75 32.99 17.38 53.32 4.56 14.00 32.69 100.32 
2012 15.23 46.73 11.73 35.98 7.69 23.60 34.65 106.32 
2013 16.52 50.71 10.07 30.91 8.63 26.49 35.23 108.12 
2014 15.99 49.07 12.30 37.76 9.10 27.91 37.39 114.74 
2015 21.68 66.54 14.26 43.76 8.75 26.84 44.69 137.14 
2016 24.46 75.05 12.59 38.64 16.78 51.50 53.83 165.20 
2017 24.08 73.91 17.28 53.04 15.26 46.84 56.63 173.79 

Minimum 10.75 32.99 10.07 30.91 4.56 14.00 32.69 100.32 
Maximum 24.46 75.05 17.38 53.32 16.78 51.50 56.63 173.79 
Average 18.39 56.43 13.66 41.92 10.11 31.03 42.16 129.37 
Percent 44% 32% 24% 100% 

(1) MG is million gallons produced for the indicated year. 
(2) Ac-Ft is Acre-feet produced for the indicated year.  One ac-ft is approximately 325,851 gallons. 
 
MAXIMUM DAY PRODUCTI ON 
 
Monthly water production records are available, as shown in Figure 2-2, but daily 
production records are not available.  Based on the December 2009 edition of the DOH 
Water System Design Manual, Section 5.2.1, when daily water production data is not 
available, maximum day demand in Western Washington is to be estimated as 1.7 times 
maximum month demand.  Maximum month and average month production, maximum 
month to average month ratio, and estimated maximum day to average day ratio based on 
the 1.7 factor from the DOH Water System Design Manual, are shown in Table 2-4.  
Annual maximum day to average day ratios based on this methodology range from 2.48 
to 3.04.  Since the purpose of the estimated maximum day demand is to size equipment 
and facilities to meet system demands at critical times, the highest maximum demand in 
Table 2-4 will be used to represent the maximum day to average day water demand ratio 
for the FWSD water system.  Maximum Day to Average Day Ratio is Estimated at 
3.04. 
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FIGURE 2-3 
 

Water Use by Customer Class 
 
Annual water usage and percent by customer class are shown in Table 2-5 for 2013 
through 2017. 
 

TABL E 2-5 
 

Annual Water Usage by Customer Class 
 

Year 
Residential 
Use, MG 

Percent 
Residential 

Commercial 
Use, MG 

Percent 
Commercial 

Other 
Use, MG 

Percent 
Other 

Total 
Use, MG 

2013 19.53 59.6% 13.02 39.7% 0.24 0.7% 32.79 
2014 20.96 59.6% 13.93 39.6% 0.28 0.8% 35.17 
2015 22.77 59.2% 15.35 39.9% 0.32 0.8% 38.44 
2016 19.89 57.9% 14.10 41.0% 0.39 1.1% 34.38 

2017(1) 26.12 66.2% 12.84 32.5% 0.49 1.2% 39.44 
(1) At the time of this writing water use data for October through December 2017 was not yet 

available.  Therefore, water sales for 2017 are based on data from October 2016 through 
September 2017. 

 

0

1

2

3

4

5

6

O
ct

-1
2

D
ec

-1
2

Fe
b-

13

A
pr

-1
3

Ju
n-

13

A
ug

-1
3

O
ct

-1
3

D
ec

-1
3

Fe
b-

14

A
pr

-1
4

Ju
n-

14

A
ug

-1
4

O
ct

-1
4

D
ec

-1
4

Fe
b-

15

A
pr

-1
5

Ju
n-

15

A
ug

-1
5

O
ct

-1
5

D
ec

-1
5

Fe
b-

16

A
pr

-1
6

Ju
n-

16

A
ug

-1
6

O
ct

-1
6

D
ec

-1
6

Fe
b-

17

A
pr

-1
7

Ju
n-

17

A
ug

-1
7

M
on

th
ly

 U
sa

ge
, M

G

Residential/ Multi-family MG Commercial MG Other MG



Gray & Osborne, Inc., Consulting Engineers 

2-8 Freeland Water and Sewer District 
April 2019 Water System Plan 

Average Residential Water Use Rate 
 
Total annual residential water use and average number of active residential connections 
for 2013 through 2017 are shown in Table 2-6.  Table 2-6 summarizes average day 
residential water use.  Note that the number of residential service connections in 
Table 2-6 is the annual average number of active residential service connections, which is 
not the same as the year-end service connections shown in the Water Facilities Inventory.  
Average number of connections is used in Table 2-6 because it better relates to the total 
year water use.  Average day residential water use ranged from 128 gpd per connection in 
2016 to 160 gpd per connection in 2015.  The average from 2013 through 2017 is 
149 gpd per connection.  The average use rate of 149 gallons per connection per day 
is the current calculated equivalent residential unit (ERU) value for the FWSD 
water system. 
 

TABL E 2-6 
 

Average Single-Family Residential Water Use 
 

Year 
Residential 
Use, MG 

Average Active 
Residential Connections Days 

Average Day Water Use, 
gpd per Connection 

2013 19.53 356 365 150 
2014 20.96 364 365 158 
2015 22.77 389 365 160 
2016 19.89 424 366 128 
2017 26.12 483 365 148 

   Average 149 
 
MAXIMUM DAY DEMAND P ER ERU 
 
As discussed above under the heading, Maximum Day Production, the estimated 
maximum day to average day ratio for the FWSD water system is 3.04.  With an average 
day demand per ERU of 149 gpd per residential connection, the maximum day demand 
is estimated at 453 gpd per ERU. 
 
PEAK HOUR DEMAND  
 
Peak Hour Demand (PHD) is a value that applies to the system as a whole, not to any 
individual service, and is estimated using Equation 5-3 from the Water System Design 
Manual.  This formula estimates peak hour system demands, not including fire flow: 
 

PHD = (MDD/1440)[(C)(N)+F]+18 
 





Gray & Osborne, Inc., Consulting Engineers 

2-10 Freeland Water and Sewer District 
April 2019 Water System Plan 

Monthly production, sales and DSL are depicted in Figure 2-4.  The blue bars represent 
water sales and the gold bars represent DSL.  The overall height of each blue and gold 
bar stack represents water production for each billing period.  Gold bars appearing below 
the blue bars represent negative DSL, which occurs when metered water sales exceed 
metered water production.  This can occur if there are sources contributing to the water 
system that are not accounted for, if source meters are under-reading, or if there are 
problems with the water accounting system.  Note that all instances of negative DSL 
occurred prior to May 2015. 
 

 
 

FIGURE 2-4 
 

Water Production, Sales and DSL 
 
Annual DSL is summarized in Table 2-8.  DSL has varied over the data period from a 
low of 2.22 MG per year in 2014 to a high of 19.45 MG per year in 2016.  Percent DSL 
varied from a low of 5.93 percent in 2014 to a high of 36.13 percent in 2017.  The 3-year 
average percent DSL has varied from 9.30 percent for 2013 through 2015, to a high of 
27.64 percent for 2015 through 2017. 
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TABL E 2-8 
 

Annual Distribution System Leakage 
 

Year 
Production, 

MG Sales, MG DSL, MG 
Annual 

Percent DSL 
3-Year 

Percent DSL 
2013 35.23 32.79 2.44 6.94%  
2014 37.39 35.17 2.22 5.93%  
2015 44.69 38.44 6.25 13.99% 9.30% 
2016 53.83 34.38 19.45 36.13% 20.54% 
2017 56.63 39.44 17.19 30.35% 27.64% 

 
EQUIVALENT RESIDENTI AL UNITS  
 
As described above under the heading Average Residential Water Use Rate, the value of 
an ERU for the FWSD water system for the current planning period is 149 gallons per 
day, based on the average use per residential connection over a five-year period.  For 
single-family residential water connections, each active meter represents one ERU 
served, regardless of actual water use for a given year.  From Table 2-2, there were 486 
residential connections, and, therefore, 486 residential ERUs in 2017. 
 
For non-residential water use, the number of ERUs represented is determined by dividing 
the annual average day water demand by the ERU value of 149 gpd per ERU.  Table 2-5 
shows 12.84 MG of commercial water use in 2017, which is an average of 35,178 gallons 
per day of commercial water use.  Dividing this by 149 gpd per ERU yields 236 
commercial ERUs for 2017.  Thereby, the 101 commercial connections shown in Table 
2-2 represent 236 ERUs, and the total metered water use represents 722 ERUs. 
 
Table 2-5 shows 0.49 MG of other water use.  This includes water main flushing, hydrant 
testing, construction water use, and firefighting.  A volume of 0.49 MG for the year is an 
average of 1,342 gpd.  Dividing this by 149 gpd per ERU yields 9 ERUs of miscellaneous 
water use. 
 
Table 2-3 shows a total of 56.63 MG of water production in 2017.  Table 2-5 shows a 
total of 39.44 MG of water use in 2017.  Table 2-8 shows that the difference between 
these two is 17.19 MG, which is defined as Distribution System Leakage, or DSL.  
17.19 MG for the year 2017 is an average of 47,096 gpd.  Dividing this by 149 gpd per 
ERU yields a DSL equivalent of 316 ERUs. 
 
Adding the 486 residential ERUs, the 236 commercial ERUS, the 9 miscellaneous ERUs, 
and the 316 DSL ERUS yields a total of 1,047 ERUs of water produced by the system in 
2017.  2017 ERUs are summarized in Table 2-9. 
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DSL is likely to go down.  These factors will be more thoroughly discussed in Chapter 4 
of this plan.  However, for projection of water system needs it is more conservative not to 
assume that water usage per ERU or DSL will decrease. 
 
WATER RATES AND RATE  IMPACTS ON WATER DE MAND  
 
The FWSD residential water rate includes a base fee of $40.31 per quarter, with no 
minimum usage, and usage rates of $1.35 for every 100 cubic feet, or part thereof, up to 
1,500 cubic feet, $1.70 per 100 cubic feet, or part thereof, for 1,501 to 3,000 cubic feet, 
$2.05 per 100 cubic feet, or part thereof, for 3,001 to 4,500 cubic feet, $2.45 per 
100 cubic feet, or part thereof, for 4,501 to 6,000 cubic feet, and $2.85 per 100 cubic feet, 
or part thereof, for everything over 6,000 cubic feet per quarter.  This rate structure 
provides an incentive to conserve by increasing rates as usage increases.  Rates are 
summarized in Table 2-11. 
 

TABL E 2-11 
 

FWSD Residential Water Rates 
 

Cost Factor Amount Units 
Base Rate, No Minimum Usage $40.31 per Quarter 
Usage Rate, 0-1,500 CF per Quarter $1.35 per 100 CF(1) 
Usage Rate, 1,501-3,000 CF per Quarter $1.70 per 100 CF(1) 
Usage Rate, 3,001-4,500 CF per Quarter $2.05 per 100 CF(1) 
Usage Rate, 4,501-6,000 CF per Quarter $2.45 per 100 CF(1) 
Usage Rate, > 6,000 CF per Quarter $2.85 per 100 CF(1) 

(1) Billed amounts are per 100 cubic feet or portion thereof, such that anything over 100 CF is 
billed as 200 CF, anything over 200 CF is billed as 300 CF, etc.  

 
At the average day use rate of 149 gpd per ERU, the average usage would be 
13,596 gallons, which is 1,818 cubic feet, per quarter.  The quarterly bill for the average 
use rate would be as follows: 
 

Base Rate ............................................................................................$40.31 
1,500 CF @ $1.35 per 100 CF ............................................................$20.25 
400 CF @ $1.70 per 100 CF .................................................................$6.80 
Total Average Quarterly Bill ..............................................................$67.36 
Monthly Bill Equivalent .....................................................................$22.45 
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installing water mains intended to be owned by FWSD, including 1) detailed 
specifications for materials and workmanship for installation of water main extensions, 
and 2) piping installation details, thrust blocking, in-line valves, fire hydrants, air release 
valves, service connections of various types, backflow preventions devices, and blow 
offs.  These standards are in Appendix G. 
 
WATER QUALITY STANDA RDS 
 
The FWSD water system is a public water supply system regulated by Washington State 
Department of Health Drinking Water Regulations, WAC 246-290, as well as sections of 
Code of Federal Regulations (CFR) Title 40, Parts 141 and 143, adopted by reference in 
WAC 246-290.  FWSD has a groundwater supply, so only groundwater supply 
regulations apply. 
 
SYSTEM CAPACITY STAN DARDS 
 
General Design Standards 
 
FWSD uses the DOH Water System Design Manual as a guide for establishing water 
system capacity standards.  Table 3-1 lists the recommended standards from the DOH 
Manual and the FWSD policies regarding each standard for general facility design. 
 

TABLE 3 -1 
 

General Facilities Requirements 
 

Standard 
DOH Water System Design Manual 

(December 2009) FWSD Water System Standard 

Average 
Day and 
Maximum 
Day 
Demand 

Average day demand should be determined 
from previous metered water production and 
consumption data.  Maximum day demand is 
estimated at approximately 2.0 times the 
average day production requirement if 
metered data is not available. 

Average day consumption per 
ERU is 149 gpd.  The maximum 
day to average day factor is 3.04, 
and the maximum day 
consumption per ERU is 453 gpd, 
as developed in Chapter 2 of this 
Plan. 

Peak Hour 
Demand 

Peak hour demand is determined using the 
following equation: 

PHD = (MDD/1440)((C)(N) + F) + 18 
C = Coefficient from DOH Water System 

Design Manual Table 5-1 
N = Number of connections, ERUs 
F = Factor from DOH Water System 

Design Manual Table 5-1 

Peak hour demand is determined 
by applying the DOH Water 
System Design Manual Formula 
where MDD = 453, C=1.6 and 
F = 225, which simplifies to the 
equation: 

PHD = 0.50 x N + 89 
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of standby and fire suppression storage is not allowed, or it will be the sum of equalizing 
storage plus the greater of either standby or fire suppression storage if nesting of standby 
and fire storage is allowed. 
 
For the FWSD water system, no local ordinance or authority has required fire storage to 
be additive, so nesting of standby and fire storage is allowed.  Table 3-3 summarizes the 
total effective storage requirements as they apply to the FWSD water system. 
 

TABLE 3 -3 
 

Effective Storage Requirement 
 
If Nesting Is Not Allowed 
by Local Fire Authority  

If Nesting Is Allowed by 
Local Fire Authority  

Standard Applicable to 
FWSD Water System 

The sum of: 
Equalizing Storage, plus 
Standby Storage, plus 
Fire Suppression Storage. 

The sum of: 
Equalizing Storage, plus the 
Greater of either 

Standby Storage, or 
Fire Suppression Storage. 

The FWSD standard is 
based on nesting of 
standby and fire 
suppression storage. 

 
Figure 3-1 illustrates an elevation view of a typical reservoir indicating dead storage, 
operational storage and effective storage volumes. 
 

 
 

FIGURE 3-1 
 

Typical Storage Reservoir Effective Capacity 
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TABLE 3 -4 
 

Inorganic Chemical Sampling Results 
 

  Well 1 Well 2 Blended Wells 1 and 2 
Blended Wells 

1, 2, and 3 Well 3 
MCL (1) Analyte Name Units 10/16/1995 6/6/2017 10/16/1995 6/6/2017 12/9/1998 12/12/2001 12/7/2004 7/22/2015 11/27/2012 6/6/2017 

Primary Regulated Chemicals(2) 
Antimony mg/L(3) <0.005 <0.006 <0.005 <0.006 <0.005 <0.005 <0.005 <0.006 <0.006 <0.006 0.006 
Arsenic mg/L(3) <0.01 0.0043 <0.01 0.0036 <0.01 <0.005 0.004 0.0024 0.0032 0.0039 0.0104 
Barium mg/L(3) <0.1 <0.4 <0.1 <0.4 <0.02 <0.02 <0.02 <0.4 <0.4 <0.4 2 
Beryllium mg/L(3) <0.002 <0.0008 <0.002 <0.0008 <0.002 <0.002 <0.002 <0.0008 <0.0008 <0.0008 0.004 
Cadmium mg/L(3) <0.002 <0.002 <0.002 <0.002 <0.0005 <0.0005 <0.0005 <0.002 <0.002 <0.002 0.005 
Chromium mg/L(3) <0.01 <0.02 <0.01 <0.02 <0.005 <0.005 <0.005 <0.02 <0.02 <0.02 0.1 
Copper mg/L(3) <0.02 <0.02 <0.02 <0.02 0.032 <0.005 <0.005 0.2 <0.02 <0.02 1.3(4) 
Cyanide mg/L(3) <0.1 <0.01 <0.1 <0.01 <0.02 <0.05 <0.05 <0.01 <0.01 <0.01 0.2 
Fluoride mg/L(3) <0.5 0.6 <0.5 0.48 <0.2 <0.2 0.3 <0.5 <0.5 0.48 2, 4(5) 

Lead mg/L(3) <0.002 <0.001 <0.002 <0.001 0.003 <0.001 <0.001 <0.001 <0.001 <0.001 0.015(4) 

Mercury mg/L(3) <0.0005 <0.0004 <0.0005 <0.0004 <0.0005 <0.0005 <0.0005 <0.0004 <0.0004 <0.0004 0.002 
Nickel mg/L(3) <0.04 <0.1 <0.04 <0.1 <0.01 <0.01 <0.01 <0.1 <0.1 <0.1 0.1 
Nitrate + Nitrite mg/L(3) 2.4 2.9 2.8 4.6 3.2 3.4 3 2.9 2.1 <0.5 10 
Nitrate-N mg/L(3) 2.4 2.9 2.8 4.6 3.2 3.4 3 2.9 2.1 <0.2 10 
Nitrite-N mg/L(3) <0.5 <0.2 <0.5 <0.2 <0.5 <0.5 <0.5 <0.2 <0.2 <0.2 1 
Selenium mg/L(3) <0.005 <0.01 <0.005 <0.01 <0.005 <0.005 <0.005 <0.01 <0.01 <0.01 0.05 
Sodium mg/L(3) 19 19 17 17 15 15 15 16 14 14 20(6) 

Thallium mg/L(3) <0.001 <0.002 <0.001 <0.002 <0.001 <0.002 <0.002 <0.002 <0.002 <0.002 0.002 
Turbidity NTU(7) 0.2 0.19 0.2 0.23 0.1 <0.1 0.6 <0.1 0.4 1.8 1(8) 

Secondary Regulated Chemicals(9) 

Chloride mg/L(3) <20 <20 <20 <20 17 17 18 <20 <20 <20 250 
Color CU(10) <5 <15 <5 <15 5 <5 10 <15 <15 <15 15 
Conductivity µmhos/cm(11) 410 470 320 410 382 380 410 440 360 400 700 
Hardness mg/L(3) 210 200 160 170 150 170 190 200 190 180 500(12) 

Iron mg/L(3) <0.05 0.15 <0.05 <0.1 0.02 <0.021 0.036 <0.1 <0.1 0.57 0.3 
Manganese mg/L(3) <0.083 0.047 <0.01 <0.01 <0.01 <0.005 0.018 <0.01 <0.01 0.19 0.05 
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MCL Exceedances 
 
The only MCL exceedances shown in Table 3-4 are Iron, Manganese and Turbidity in 
Well 3 on June 6, 2017.  A previous sample from Well 3 taken on November 27, 2012 
did not exceed the MCL on any of these constituents.  Treatment for removal of iron and 
manganese is in place at Well 3.  The 2012 sample report indicates that the sample was 
taken after treatment, whereas the 2017 sample report indicates that the sample was taken 
prior to treatment.  Therefore it is not surprising that the 2017 sample exceeded the MCLs 
for iron and manganese.  The exceedance for turbidity is likely related to the exceedances 
for iron and manganese.  When iron and/or manganese levels in water are excessive, the 
iron and/or manganese often precipitate out of solution, and the resulting small particles 
of iron and/or manganese create turbidity. 
 
Iron and Manganese are secondary contaminants, meaning that they are regulated for 
reasons other than public health.  Iron and manganese are regulated due to their tendency 
to precipitate out of solution in the presence of oxygen and form particulates that make 
the water look murky (turbid), and stain household fixtures and laundry.  As stated 
previously, a treatment process is in place to remove iron and manganese from the water 
from Well 3 so that water from this source does not cause staining problems in the water 
distribution system.  A similar treatment system exists for water from Wells 1 and 2 so 
that when the water is blended together in the reservoirs and distribution system it will all 
have received similar treatment. 
 
Annual Nitrate Tests 
 
Additional IOC samples include annual nitrate samples.  Separate sampling for nitrate is 
required in years when complete inorganic chemical samples are not required.  Table 3-5 
summarizes additional nitrate monitoring results.  All nitrate test results are well below 
the MCL of 10 mg/L.  Well 1 appears to be showing an increasing level of nitrate.  
Well 2 appears to have reached a maximum level of nitrate in 2012 and the level has 
since declined.  Nitrate in Well 3 has always been below the reporting limit.  The SVF 
well has the highest level of nitrate in any of the wells, at slightly over half of the MCL, 
but the most recent sample show a decrease in Nitrate at the SVF well. 
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TABLE 3 -5 
 

Nitrate Monitoring Results(1) 

 

Sample Date Well 1 Well 2 

Blended 
Wells 1 
and 2 Well 3 SVF Well 

5/6/1996 2.2 2.8    
4/2/2001   3.4   
4/8/2002    <0.5  
6/2/2003     5.7 
6/22/2005   3.1   
12/12/2006   2.3   
4/9/2007   2.0   
9/19/2007   3.0   
12/3/2008   3.2   
12/1/2009    <0.5  
12/30/2009     5.1 
9/28/2010   1.8 <0.5  
12/22/2010    <0.5  
11/29/2011   2.6 <0.5  
10/31/2012 2.2 4.0    
12/17/2012  4.1    
12/19/2012  4.1    
12/26/2012     5.4 
9/25/2013 2.5 3.7  <0.2  
12/23/2014 2.7 4.0  <0.2  
12/30/2015     3.8 
11/1/2016    <0.2  
8/24/2017 4.75 3.0  <0.2  

(1) All sample results are mg/L.  The MCL for Nitrate is 10 mg/L.  Samples were also analyzed 
for Nitrite, and all results for Nitrite were <0.1 mg/L. 

 
Radionuclides 
 
Results of all radionuclide testing since 1980 are shown in Table 3-6.  All radionuclide 
samples are well below their respective standards.  There is no radionuclide data 
available for the SVF well because, as a Group B water system, SVF is not required to 
monitor for radionuclides. 
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TABLE 3 -7 
 

VOC Sampling History 
 

Sample 
Year Well 1 Well 2 

Blended 
Wells 1 
and 2 Well 3 

2016   X  
2015 X    
2011    XX 
2009   X  
2007   X  
2004   X  
2001   X  
2000    X 
1998   X  
1995 X X   
1991 X X   

 
Synthetic Organic Chemicals 
 
Synthetic Organic Chemical (SOC) samples since 2009 were collected for general 
herbicide (HERB1) and general pesticide (PEST1) analyses in the years indicated in 
Table 3-8.  No SOCs were detected in any of the source SOC samples.  There is no SOC 
data available for the SVF well because, as a Group B water system, SVF is not required 
to monitor for SOCs. 
 

TABLE 3 -8 
 

SOC Sampling History 
 
Sample Year Blended Wells 1 and 2 Well 3 
Sample Suite PEST1 HERB1 PEST1 HERB1 

2009 X X   
2012   X X 

 
DELIVERED WATER QUAL ITY  
 
Delivered water quality applies to a number of water quality monitoring requirements of 
the water distribution system.  Monitoring of delivered water quality is necessary because 
some water quality parameters have been demonstrated to change in the distribution 
system, or even in the plumbing of buildings.  Locations of distribution system 
monitoring vary depending on the monitoring program.  Coliform monitoring locations 
are distributed about the system so as to effectively monitor all portions of the system.  
Lead and copper sampling locations are based on areas that have vulnerable types of 
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service lines and/or plumbing.  Disinfection byproducts monitoring locations are based 
on maximum distribution system retention time and a history of previous monitoring that 
has indicated where maximum concentrations have been previously found.  Asbestos 
monitoring is directed to portions of the system where asbestos cement pipe is in 
prevalent use.  The following sections summarize delivered water quality monitoring by 
FWSD. 
 
Coliform Bacteria Monitoring  
 
WAC 246-290-300(3) sets distribution system coliform monitoring requirements.  The 
number of coliform samples required per month is based on the population served during 
the month.  The FWSD water system is currently required to take two distribution system 
coliform samples per month, year round.  Sampling locations are rotated around the 
distribution system as designated in the FWSD coliform monitoring plan, a copy of 
which is included in Appendix H of this Water System Plan, and which is subject to 
approval by DOH.  As the population grows, the required number of coliform samples 
will also increase. 
 
WAC 246-290-310(2) sets E. coli bacteria maximum contaminant levels.  An E. coli 
MCL violation occurs each month in which a system is required to monitor for total 
coliforms when there is: 
 

(i) E. coli presence in a repeat sample following a total coliform presence 
routine sample; 

 
(ii)  Total coliform presence in any repeat samples collected as a follow-up to a 

sample with E. coli presence; 
 

(iii)  The system fails to take all required repeat samples following an E. coli 
presence routine sample; or 

 
(iv) The system fails to test for E. coli when any repeat samples test positive 

for total coliform. 
 
The coliform monitoring record since 1996 was reviewed for this report.  Only one 
sample from the FWSD water system since January 1996 has been positive for coliform 
bacteria.  That sample, taken on September 13, 2004, was positive for total coliform, and 
negative for E. Coli.  Four repeat samples taken on September 22, 2004 were all negative 
for coliform bacteria.  Since no follow-up samples were positive for coliform bacteria, 
this event did not constitute a coliform MCL violation. 
 
As a Group B water system, the SVF water system is only required to take one coliform 
sample per year.  Sample results were reviewed from 2002 through 2017 and no coliform 
bacteria is reported in any sample on record. 
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conservative design, it is assumed that source production should be limited to something 
less than continuous, 24 hours per day operation.  Therefore, projected demands are 
compared with the volume of water that the wells can produce in 22 hours per day of 
operation.  Table 3-12 compares existing FWSD water system source capacity to 
projected water system demands.  Based on projected demands at current water usage 
rates, FWSD has adequate source capacity to meet 20-year projected water demands in 
22 hours per day of source production, with 79 gpm of source capacity to spare. 
 

TABLE 3 -12 
 

Projected Water Demands and Source Capacity 
 

Year 
Existing Reliable 

Source Capacity, gpm(1) 
Recommended Source 

Capacity, gpm(2) 
Source Capacity 

Surplus/(Deficit), gpm 
2017 471 359 112 
2018 471 361 110 
2019 471 362 109 
2020 471 364 107 
2021 471 365 106 
2022 471 367 104 
2023 471 369 102 
2024 471 370 101 
2025 471 372 99 
2026 471 373 98 
2027 471 375 96 
2028 471 377 94 
2029 471 378 93 
2030 471 380 91 
2031 471 382 89 
2032 471 383 88 
2033 471 385 86 
2034 471 387 84 
2035 471 388 83 
2036 471 390 81 
2037 471 392 79 

(1) Existing Reliable Source Capacity does not include the 40 gpm capacity of the SVF Well because 
that well is currently not connected to the FWSD water system. 

(2) Recommended source capacity is the minimum source capacity necessary to meet projected 
Maximum Day Demand, from Table 2-10, in 22 hours per day of pumping.  Projected demands do 
not include SVF water system. 
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TABLE 3 -13 
 

Projected Water Rights Status 
 

Year 

Recommended 
Source 

Capacity, 
gpm(1) 

Instantaneous 
Water Rights 

Surplus/(Deficit), 
gpm(2) 

Projected 
Annual Water 

Demand, 
ac-ft/yr (3) 

Annual Water 
Rights 

Surplus/(Deficit), 
ac-ft/yr (4) 

2017 359 176 175 255 
2018 361 174 176 254 
2019 362 173 176 254 
2020 364 171 177 253 
2021 365 170 178 252 
2022 367 168 178 252 
2023 369 166 179 251 
2024 370 165 180 250 
2025 372 163 180 250 
2026 373 162 181 249 
2027 375 160 183 247 
2028 377 158 184 246 
2029 378 157 184 246 
2030 380 155 185 245 
2031 382 153 186 244 
2032 383 152 186 244 
2033 385 150 187 243 
2034 387 148 188 242 
2035 388 147 189 241 
2036 390 145 189 241 
2037 392 143 190 240 

(1) Recommended source capacity is the minimum source capacity necessary to meet projected 
Maximum Day Demand, from Table 2-10, in 22 hours of pumping. 

(2) Instantaneous Water Rights Surplus/(Deficit) is the total available instantaneous water rights of 
535 gpm from Table 1-3 (not including the SVF water system water right), less the Recommended 
Source Capacity. 

(3) Projected Annual Water Demand is Annual Demand from Table 2-10. 
(4) Annual Water Rights Surplus is the total available annual water rights of 430 ac-ft/yr from 

Table 1-3 (not including the SVF water system water right), less the Projected Annual Water 
Demand from Table 2-10. 

 
WATER TREATMENT  
 
There are two iron and manganese treatment systems, one at the Well 1 site that treats 
water from Wells 1 and 2, and one at Well 3.  The treatment system consists of chlorine 
injection into the water prior to filtration, followed by filtration through a granular 
pyrolusite medium.  The treated water then enters the reservoirs. 
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STORAGE 
 
The existing system has two reservoirs.  These are described briefly in Chapter 1.  The 
two reservoirs are approximately one quarter mile from each other and are at different 
elevations.  Reservoir 1 has base elevation of 247 feet and a top of wall elevation of 
287 feet.  Reservoir 2 has a base elevation of 325 feet and a top-of-wall elevation of 
345 feet.  Reservoir 1 is the main system reservoir.  The water level in Reservoir 1 
controls the water pressure throughout most of the FWSD water system.  Wells 1 and 2 
feed into Reservoir 1.  Reservoir 2 is fed by Well 3, and feeds into Reservoir 1 via an 
8-inch water main and a pressure reducing station.  There are currently no services served 
directly from Reservoir 2, but it provides supplemental storage capacity for Reservoir 1 
and the main system pressure zone. 
 
General Condition 
 
Reservoir 1 is a cast-in-place concrete reservoir constructed in 1990.  This reservoir is 
now 27 years old and is in good condition.  Reservoir 2 is a cast-in-place reservoir 
constructed in 2007.  This reservoir is now 10 years old and is in good condition. 
 
Storage Capacity Analysis 
 
Existing Effective Storage 
 
As described earlier in this chapter, the effective storage capacity is that capacity of a 
reservoir that is reliably available in the reservoir and capable of being withdrawn from 
the reservoir at the rates and pressures required for the water use purposes, and meeting 
all other regulatory requirements associated with the reservoir.  Details regarding 
dimensions and capacities of the FWSD reservoirs are presented in Table 3-14.  Based on 
the operational dimensions and water levels in Table 3-14 it is estimated that the total 
effective storage capacity for the FWSD water system reservoirs is 352,000 gallons. 
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TABLE 3 -15 
 

Projected Effective Storage Capacity Recommendations 
 

Year 

Recommended Effective Storage, gallons 
Existing 
Effective 
Storage, 
gallons(4) 

Storage 
Surplus/ 
(Deficit), 
gallons Equalizing(1) Standby(2) 

Fire 
Suppression Total(3) 

2017 21,200 209,400 60,000 230,600 352,000 121,400 
2018 21,500 210,200 60,000 231,700 352,000 120,300 
2019 21,900 211,200 60,000 233,100 352,000 118,900 
2020 22,200 212,000 60,000 234,200 352,000 117,800 
2021 22,600 213,000 60,000 235,600 352,000 116,400 
2022 23,000 214,000 60,000 237,000 352,000 115,000 
2023 23,300 214,800 60,000 238,100 352,000 113,900 
2024 23,600 215,800 60,000 239,400 352,000 112,600 
2025 23,900 216,600 60,000 240,500 352,000 111,500 
2026 24,300 217,600 60,000 241,900 352,000 110,100 
2027 24,700 218,600 60,000 243,300 352,000 108,700 
2028 25,100 219,600 60,000 244,700 352,000 107,300 
2029 25,400 220,400 60,000 245,800 352,000 106,200 
2030 25,700 221,400 60,000 247,100 352,000 104,900 
2031 26,100 222,400 60,000 248,500 352,000 103,500 
2032 26,500 223,400 60,000 249,900 352,000 102,100 
2033 26,900 224,400 60,000 251,300 352,000 100,700 
2034 27,200 225,400 60,000 252,600 352,000 99,400 
2035 27,500 226,200 60,000 253,700 352,000 98,300 
2036 27,900 227,200 60,000 255,100 352,000 96,900 
2037 28,300 228,200 60,000 256,500 352,000 95,500 

(1) Equalizing Storage is peak hour demand from Table 2-10, minus the existing source capacity of 
471 gpm, times 150 minutes, but no less than zero. 

(2) Standby Storage is two days of average day demand, minus 22 hours of pumping at the existing 
source capacity with the largest source out of service or 200 gallons times the projected number of 
ERUs, whichever is greater.  Total source capacity from Table 1-2 is 471 gpm.  The largest source 
is Well 2 at 184 gpm.  Therefore the source capacity with the largest source out of service is 
287 gpm. 

(3) Total Recommended Storage is the sum of equalizing, plus the greater of either standby or fire 
suppression storage, since nesting is allowed. 

(4) Existing Effective Storage Capacity is from Table 3-14. 
 
PUMP STATIONS 
 
The FWSD water system has two pump stations, the Well 1 Pump Station and the Silver 
Fin Drive Pump Station, as described in Chapter 1:  The Well 1 Pump Station is at the 
Well 1 and Reservoir 1 site, and pumps from the main, gravity-controlled 286-foot 
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pressure zone to the small 435-foot pressure zone, which currently has only two water 
services connected to it. 
 
The Silver Fin Drive Pump Station is at the intersection of Silver Fin Drive and Sockeye 
Lane in the Fish Forest subdivision. The station pumps from the main, gravity-controlled 
286-foot pressure zone to the small 345-foot pressure zone, which currently has three 
water services on it, and has the potential for up to six water services. 
 
CONTROL SYSTEM 
 
There is no centralized control system.  There are separate control systems at Reservoir 1, 
Reservoir 2 and at each pump station.  The control system at Reservoir 1 controls Well 1, 
Well 2, the PRV station allowing water to flow from Reservoir 2, and an autodialer.  The 
lead source call rotates among the three sources, and the lag source call activates the 
remaining sources.  The control system activates the autodialer in the event that the 
reservoir level rises above the sources off level or drops below the all sources on level, or 
in the event of a power outage.  The autodialer then automatically calls a list of pre-
programmed phone numbers until the call is answered and acknowledged by the operator. 
 
The control system at Reservoir 2 controls Well 3.  When the water level in Reservoir 2 
falls to the Well 3 on level it turns Well 3 on, and when the water level rises to the Well 3 
off level it turns Well 3 off.  In the event that Well 3 does not turn on or shut off at the 
appropriate time, or if the reservoir level is not within the normal operating range, there is 
no system alarm or other feedback such as an autodialer.   
 
Control systems at the two pump stations are controlled locally by the pump station 
discharge pressure.  There are no autodialers activated by the pump stations. 
 
DISTRIBUTION SYSTEM  
 
The water distribution system includes all the piping distributing water from the source 
and storage facilities to the water customers.  The following sections evaluate the general 
condition and the hydraulic capacity of the water distribution system. 
 
General Description and Condition 
 
Water Mains 
 
The FWSD water distribution system is described in general terms in Chapter 1 under the 
heading Transmission and Distribution System.  The water distribution system has water 
mains of various ages, materials and sizes.  Per Table 1-5, the system has approximately 
16.1 miles of water main.  Approximately 83.3 percent of the water main is PVC pipe, 
approximately 12.3 percent is AC pipe, approximately 4.3 percent of the pipe is HDPE 
pipe, and approximately 0.1 percent of the pipe is DI.  Approximately 91.4 percent of the 
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system is 6-inches in diameter or larger, 5.6 percent is 4-inch, and 3.0 percent is 2-inch.  
The district was first created in 1964, so no piping is older than about 54 years. 
 
AC pipe, PVC pipe, and HDPE pipe are not subject to corrosion, and good quality DI 
pipe includes corrosion resistant coatings that result in long life expectancy for DI pipe.  
However, the life expectancy of any pipe depends on the quality of the pipe and the 
methods used to install the pipe, as well as soil and water conditions.  Gasket jointed 
C-900 PVC pipe, for example, has a longer life expectancy than glue joint Schedule 40 
PVC pipe.  There were also various grades of AC pipe that were on the market in the 
1960s, some more resilient than others.  Some grades of AC pipe can be subject to 
softening by gradual leaching of carbonate from the pipe matrix in an acidic environment.  
AC pipe also can be more brittle than other types of pipe and subject to cracking if the 
ground around the pipes settles excessively or unevenly. 
 
No information is available as to what grades of PVC and AC pipe were installed or how 
the pipes were installed.  Statements have been made by the water system operator that 
some of the PVC pipe is Schedule 40, glue-joint pipe, although it is not known how much 
of this lower grade pipe has been installed or where it may be located.  The AC pipe and 
Schedule 40 PVC pipe may have a life expectancy of approximately 50 years, whereas 
the C-900 PVC pipe, the HDPE pipe and the DI pipe may have a life expectancy more on 
the order of 100 years or more. 
 
Water mains are generally the most expensive part of a water system.  Water main 
replacement costs in 2018 dollars can be expected to range from approximately $0.5 to 
$1.0 million or more per mile of water main.  Based on Table 1-5, replacement of the 
entire distribution system could be expected to cost between $8 and $16 million.  Since 
the FWSD water mains were installed over a period of time beginning in about 1964, and 
since various water main materials and classes have different life expectancies, the mains 
can also be expected to require replacement over a wide time span.  Some of the water 
mains installed shortly after incorporation of FWSD, that may have used lower grade 
materials, may be reaching the end of their useful life now.  Water mains installed more 
recently, and with higher grade materials, may not reach the end of their life expectancy 
for another 50 to 100 years, or longer. 
 
To avoid having water mains failing in the future and having inadequate funds to replace 
the water mains it is recommended that FWSD budget to replace water mains.  To budget 
to replace all water mains on a 100-year schedule, the replacement cost of approximately 
1/100th of the water mains would be set aside per year for a water main replacement fund.  
If the total cost of replacing all water mains is about $12 million, then approximately 
$120,000 should be set aside per year for a water main replacement fund. 
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hydraulic model through verification and adjustment of pipe type, size, roughness 
coefficients, and nodal elevations. 
 
The testing locations include multiple points within the system.  A description of each 
testing location is presented in Table 3-16 and shown on Figure 3-2. 
 

TABLE 3 -16 
 

Hydrant Testing Locations 
 

Test 
Number Pressure Hydrant Location Flow Hydrant Location  

1 Fish and Scenic Sylvan 
2 Paulina and Fish Shell 
3 Morningside Roxlin and Chrismar 
4 2nd Hydrant North on Cameron South End Cameron 
5 Harbor & Main Harbor/Layton and Main 
6 Newman at Senior Housing Last Hydrant on Newman 
7 Topaz and Layton South End Topaz 

8 End of Line Honeymoon Bay Road Honeymoon Bay Road at Street 
Augustines 

9 End of Line Bercot Road Bercot Road, East of Honeymoon Bay 
Road 

10 First Hydrant South 5107 Bercot Road/Holly Farm 
11 Shoreview Honeymoon Bay Road Cameron and Shoreview 
12 Shoreview and Freeland Avenue Shoreview East of Cameron Road 
13 Myrtle and Dutch Hollow Road 5335 Myrtle Avenue 
14 Vinton Avenue 1647 Lynn Drive 

15 2nd Hydrant from End East Harbor 
Road End Main East Harbor Road 

 
The system conditions at the time of testing were replicated in the hydraulic model during 
the calibration process, based on records available of distribution system improvements 
that have been completed since 2002.  The connection that now exists under SR 525 at 
Cameron Road was closed, the closed isolation valve on Honeymoon Bay Road was 
opened, the PRV on East Bercot Road was bypassed, and the intertie with Harbor Hills 
was closed.  The water main on Joanne Drive between Freeland Avenue and Myrtle 
Avenue was closed, and pipe sizes on Stewart Road and other locations around the 
system were adjusted to reflect the sizes in the system in 2002. 
 
Calibration Results 
 
Using the system conditions for each hydrant test, the hydraulic model was used to 
generate static pressure and residual pressure at the measured hydrant flow rate.  The 
total system demand used to calibrate the model was the estimated average day demand 
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for 2017.  Model output was generated at points in the model equivalent to the locations 
of the hydrant tests.  Model output for residual pressure was generated at each hydrant 
test location by placing an added nodal demand equal to the measured hydrant flow rate 
and recording the resulting pressure at the pressure hydrant. 
 
The system pressures and pipe flow rates determined in the hydraulic analysis are 
dependent on the elevations established in the model for each node and the friction loss 
characteristics established for each pipe.  The friction factors for the pipes also 
compensate for system pressure losses through valves and pipe fittings.  The friction 
factors for the pipes in the modeled system were adjusted throughout the calibration 
process, with the goal for the model output to best approximate the measured values and 
be within the DOH specified limits of plus or minus 5 psi.  Hazen-Williams C-factors 
between 100 and 150 were used throughout the system.  Larger friction factors represent 
lower pipe friction, and smaller frictions factors represent higher pipe friction.  These 
friction factors are typical values for most pipes of this age and materials. 
 
The field values measured in the static and hydrant flow tests are compared to the model 
output values in Table 3-17.  Tests number 4, 6, and 15 were disregarded because the 
static and residual pressures were assigned to the same node in the 2002 analysis.  The 
static pressures at these nodes were useful, but residual pressure during the hydrant 
opening were left out of this analysis.  
 

TABLE 3 -17 
 

Calibration Results 
 

Test 
No. Flow, gpm 

Static Pressure, psi Residual Pressure, psi 
Field Model Difference Field Model Difference 

1 1,282 82 84 -2 62 57 5 
2 1,355 91 91 0 64 64 0 
3 1,181 69 70 -1 39 34 5 
4 1,157 95 96 -1 50 - - 
5 1,334 75 75 0 66 67 -1 
6 1,238 76 78 -2 54 - - 
7 1,215 76 76 1 65 65 0 
8 989 39 38 1 15 0 15 
9 989 22 22 0 0 -17 17 
10 1,314 99 100 -1 73 35 38 
11 1,623 95 98 -3 70 58 12 
12 1,598 92 93 -1 71 67 4 
13 1,536 95 95 0 74 79 -5 
14 1,157 100 97 3 84 79 5 
15 901 71 72 -1 33 - - 
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INSTANTANEOUS WATER RIGHT CAPACITY LIMIT  
 
Similar to source capacity, instantaneous water rights must be adequate to meet 
maximum day system demand.  Currently the SVF water system water right (G1-27463) 
is not available to the FWSD water system because the SVF well is not connected to the 
FWSD water system, and none of the FWSD wells are included as points of withdrawal 
for the SVF water right.  From Table 1-3, FWSD water system has 535 gpm of 
instantaneous water rights, not including the SVF water right.  Based on existing water 
rights currently available to FWSD water system, the instantaneous water right limitation 
on FWSD water system connections is as follows: 
 
Instantaneous Water Rights Connections 

Limit  excluding SVF Water Right = 535 gpm x 1,320 min/day = 1,558 ERUs 453 gpd per ERU 
 
If the SVF water right can be made available to the FWSD water system, either by 
connecting the systems together or by adding one or more FWSD wells to the SVF water 
right, then the available instantaneous water right would be 635 gpm, and the 
instantaneous water rights limit would be calculated as follows: 
 
Instantaneous Water Rights Connections 

Limit  including SVF Water Right = 635 gpm x 1,320 min/day = 1,850 ERUs 453 gpd per ERU 
 
ANNUAL WATER RIGHT C APACITY LIMIT  
 
As with instantaneous water rights, the system capacity limit based on annual water rights 
depends on which annual water rights are available to the FWSD water system.  
Currently the SVF water system water rights are not available to the FWSD water 
system.  Therefore, from Table 1-3, the current annual water rights available to the 
FWSD water system are 430 ac-ft/yr.  The annual water right limit is based on average 
day demand.  An acre-foot is approximately 325,851 gallons.  Therefore the current water 
system capacity limit based on annual water rights is as follows: 
 

Annual Water Rights Connections 
Limit  Excluding SVF Water Right = 430 ac-ft/yr x 325,851 gal/ac-ft = 2,576 ERUs 149 gpd per ERU x 365 days/year 
 
If the SVF water rights are made available to the FWSD water system, either by 
connecting the water systems or by adding one or more FWSD wells to the SVF water 
right, then the total annual water right available to the FWSD water system would be 
510 ac-ft/yr, and the system capacity limit based on annual water rights would be as 
follows: 
 

Annual Water Rights Connections 
Limit  Including SVF Water Right = 510 ac-ft/yr x 325,851 gal/ac-ft = 3,055 ERUs 149 gpd per ERU x 365 days/year 
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STORAGE CAPACITY LIM IT  
 
Table 3-15 projects that installed storage capacity is adequate through 2037.  To find the 
number of ERUs supportable by existing storage it is necessary to calculate storage 
requirements for various numbers of ERUs until the required storage exceeds the existing 
effective storage.  Table 3-19 shows storage requirements for 1,488 ERUs and for 
1,489 ERUs.  The existing effective storage capacity is adequate for 1,488 ERUs, but it is 
200 gallons deficient for 1,489 ERUs.  Therefore, the existing storage is adequate for 
1,488 ERUs. 
 

TABLE 3 -19 
 

Storage Requirement Limit 
 

ERUs 

Required Effective Storage, gallons 
Existing 
Effective 
Storage, 
gallons(4) 

Storage 
Surplus/ 
(Deficit), 
gallons Equalizing(1) Standby(2) 

Fire 
Suppression Total(3) 

1,488 54,300 297,600 60,000 351,900 352,000 100  
1,489 54,400 297,800 60,000 352,200 352,000 (200) 

(1) Equalizing Storage is peak hour demand for the indicated number of ERUs based on the PHD 
formula in Table 2-7, minus the existing source capacity of 471 gpm, times 150 minutes, but not 
less than zero. 

(2) Standby Storage is two days of average day demand for the indicated number of ERUs, minus 22 
hours of pumping at the existing source capacity of 287 gpm from Table 1-2 with the largest 
source (184 gpm) out of service, or it is 200 gallons times the projected number of ERUs, 
whichever is greater. 

(3) Total Recommended Storage is the sum of equalizing, plus the greater of either standby or fire 
suppression storage. 

(4) Existing Effective Storage Capacity is from Table 3-14. 
 
SUMMARY OF SYSTEM CA PACITY FACTORS  
 
The water system capacity limits derived above are summarized in Table 3-20.  Note that 
these system limiting factors apply to the FWSD water system and do not include 
facilities of the SVF water system.  The most limiting factor is installed source, which 
limits the system to 1,372 ERUs.  This is an additional 325 ERUs above the 1,047 ERUs 
represented by 2017 water use data, as shown in Table 2-9.  With additional source 
capacity, the system could expand to the storage capacity limit of 1,488 ERUs, or an 
additional 441 ERUs.  With additional storage capacity, the system could expand to the 
instantaneous water rights limit of 1,558 ERUs, or an additional 511 ERUs.  With 
additional instantaneous water rights, the system could expand to the annual water rights 
limit of 2,576 ERUs, or an additional 1,529 ERUs. 
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CONTROL SYSTEM 
 
The existing control system is adequate and functions reasonably well.  It would be 
beneficial to have a central location were all of the most pertinent system information can 
be accessed.   
 
WATER DISTRIBUTION S YSTEM 
 
Leak Detection and Repair 
 
Water production and water sales records analyzed in Chapter 2 indicate an excessive 
amount of DSL.  It is not clear how much DSL is actual system leakage, how much may 
be accounting errors, and how much may be under-reading service meters, and other 
unaccounted water use.  However, as will be discussed in Chapter 4, the Water Use 
Efficiency Rule requires that any system with in excess of ten percent leakage must 
institute a Water Loss Control Action Plan (WLCAP).  Routine leak detection and repair 
is generally a major component of a WLCAP. 
 
Water Meter Replacement 
 
Water service meters are generally accurate for about ten years, after which it is 
recommended that they either be tested to see if they are still accurate or replaced.  Most 
utilities have found that it is more cost effective to simply replace water meters 
approximately every 10 years.  It is recommended that all water service meters should be 
replaced every ten years.  With 587 currently active water services, an average of 59 
meters would need to be replaced per year. 
 
Fire Flow Deficiencies 
 
There are no areas served by the District which cannot provide minimum fire flow. 
 
Pressure Reducing Stations 
 
The setting at the Bercot Road pressure reducing station should be periodically checked 
and adjusted as needed.  In addition, it is recommended that a flow meter be installed at 
the pressure reducing station so that it can be known if, and how much, water flows from 
the HHC water system to the FWSD water system through this pressure reducing station.  
Currently, the District compares master meter readings with the consumption readings to 
determine flow through the PRV, but does not report this information. 
 
PUMP SYSTEMS 
 
No pump system deficiencies have been identified. 
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BACKUP POWER SUPPLY 
 
The existing propane powered generator at the Well 1 site is capable of powering the 
telemetry control system at the Well 1 site, Well 1, the Well 1 booster pump station, and 
the solenoid that activates the PRV allowing flow from Reservoir 2 to Reservoir 1.  There 
is no backup power for Well 2 or Well 3.  A backup power system is in place for the 
Silver Fin Drive pump station.  With most of the system pressurized by gravity from 
Reservoir 1, and Reservoir 2 capable of supplementing Reservoir 1 in the event of a 
power outage, the existing backup power system is capable of keeping the system in 
service through an extended power outage. 
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REGIONAL CONSERVATIO N PROGRAMS 
 
The effects of a customer conservation program extend beyond the water service area.  
For example, Seattle Public Utilities heavily promoted water conservation to its 
customers in 2001 and communities throughout Puget Sound experienced a decrease in 
consumption.  As the WUE Rule takes effect, neighboring water systems will likely 
increase their conservation efforts, thus increasing awareness of the need to conserve.  
FWSD may also be affected by regional water use efficiency promotion efforts, or may 
affect water conservation among neighboring utilities by their own WUE promotion 
efforts. 
 
TARGET WATER SAVINGS  PROJECTIONS 
 
In this section we estimate the projected water savings that may be realized by meeting 
the WUE Goals.  The revised WUE Goals, as stated above, are to reduce DSL to 
10 percent or less, to reduce residential average day water usage from 149 gpd per ERU 
to 148 gpd per ERU, and reduce average day commercial usage from 348 gpd to 345 gpd, 
by the year 2027. 
 
Commercial water use is represented by an equivalent number of residential units, or 
ERUs.  Thus, when the value of an ERU is reduced in demand projections, that reduction 
also results in a proportional reduction in non-residential usage as represented by non-
residential ERUs.  From Table 2-9, 101 commercial connections was equivalent in 2017 
to approximately 236 ERUs, which is an average of approximately 2.34 ERUs per 
commercial connection.  Thus a reduction of the ERU value from 149 gpd to 148 gpd 
represents a reduction in average commercial use from 348 gpd to approximately 
345 gpd, which is the 10-year WUE goal for commercial water use. 
 
Table 4-2 shows how much water savings would be realized by meeting the WUE Goals.  
Based on this theoretical comparison, the water system would reduce water use by a total 
of 404.37 acre feet (132 MG) over 20 years. 
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TABLE 4 -2 
 

Projected Savings with WUE Measures 
 

Year 

Projected 
Usage 

ERUs(1) 

Projected 
DSL ERUs 
with WUE 

Goals(2) 

Total 
ERUs 
with 
WUE 

Goals(3) 

Projected 
Value of 

ERU with 
WUE Goals, 

gpd(4) 

Average Day 
Demand with 
WUE Goals, 

gpd(5) 

Average 
Day 

Demand 
from Table 
2-10, gpd(6) 

Average 
Day Savings 
with WUE 

Goals, gpd(7) 

Annual 
Savings 

with WUE 
Goals, 

gallons(8) 

Annual 
Savings 

with WUE 
Goals, 

ac-ft/yr (9) 
2017 731 316.0 1,047 149 156,000 156,000 0 0 0.00 
2018 735 304.8 1,040 149.0 154,900 157,000 2,100 766,500 2.35 
2019 740 293.6 1,034 148.9 153,900 157,000 3,100 1,131,500 3.47 
2020 744 282.4 1,026 148.9 152,800 158,000 5,200 1,898,000 5.82 
2021 749 271.1 1,020 148.8 151,800 159,000 7,200 2,628,000 8.07 
2022 754 259.9 1,014 148.8 150,800 159,000 8,200 2,993,000 9.19 
2023 758 248.7 1,007 148.7 149,700 160,000 10,300 3,759,500 11.54 
2024 763 237.5 1,000 148.7 148,700 161,000 12,300 4,489,500 13.78 
2025 767 226.3 993 148.6 147,600 161,000 13,400 4,891,000 15.01 
2026 772 215.1 987 148.6 146,600 162,000 15,400 5,621,000 17.25 
2027 777 203.8 981 148.5 145,700 163,000 17,300 6,314,500 19.38 
2028 782 192.6 975 148.5 144,700 164,000 19,300 7,044,500 21.62 
2029 786 181.4 967 148.4 143,600 164,000 20,400 7,446,000 22.85 
2030 791 170.2 961 148.4 142,600 165,000 22,400 8,176,000 25.09 
2031 796 159.0 955 148.3 141,600 166,000 24,400 8,906,000 27.33 
2032 801 147.8 949 148.3 140,700 166,000 25,300 9,234,500 28.34 
2033 806 136.5 943 148.2 139,700 167,000 27,300 9,964,500 30.58 
2034 811 125.3 936 148.2 138,700 168,000 29,300 10,694,500 32.82 
2035 815 114.1 929 148.1 137,600 169,000 31,400 11,461,000 35.17 
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