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1. Executive Summary 
ES-1 Introduction 
This update of the City's 2009 Water System Plan was undertaken primarily to incorporate the planned 
implementation of Dissolved Air Flotation (DAF) at the Whatcom Falls Water Treatment Plant. This update 
includes ana lysis related to this key treatment issue that arose since completion of t he 2009 Water System 
Plan, as well as analysis related to recent modifications to the distribution system related to distribution 
system water quality. Much of the content of the 2009 Water System Plan remains valid - other than where it 
is revised herein - and continues to document the City's overall plan for its water system. This document is 
hereby referred to herein as the Water System Plan Update (WSP Update) and is intended to complement and 
supplement the 2009 Water System Plan to form the City's overa ll water system planning approach for the 6-
year and 20-year planning horizons - beginning in 2013. 

ES-2 Water Use 
The WSP Update includes water use data from 2008, 2009, 2010, 2011, and partial data from 2012. The 2009 
Water System Plan included historical water use data only through 2007. The additional years of historical 
water use data, combined with the data presented in the 2009 Water System Plan as we ll as water use data 
from the 1990s enables identification of changing trends in water use. The most notable trend in historical 
water use downward with respect to maximum day demand (MDD) and flat to sl ight ly declining for average 
day demand (ADD) - despite the fact that population and water service connections have increased. Historical 
water use is presented in Figure E-1. 
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FIGURE E-1 
Historical Water Use and Service Connections 
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Future water use was estimated by escalating the 2012 ADD equivalent to an annual population growth rate of 
1.3 percent. This 1.3 percent annual growth rate is just over half as much as th e 2.5 percent annual growth 
rate that was used in the 2009 Water System Plan for estimat ing future water use, and reflects an updated 
measure and understanding of local growth trends. Estimated future water use is presented in Table E-1. It is 
important to estimate future water use as accurately as possible to assess the need for infrastructure 
improvements. Updated historica l and est imated future water use is substantially less than the same from the 
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2009 Water System Plan. These updates resulted in the deferral distribution system pumping and storage 
improvements. 

TABLE E-1 
Estimated Future ADD, MDD, ERUs, and WTP Production 

Year 

2012 

2018 

2022 

2032 

Total System Demand 

ADD MOD 
(mgd) (mgd) 

9.4 14.0 

10.2 16.7 

10.8 17.5 

12.2 20.0 

Equivalent WTP 
Residential Production 

Units (ERUs) (mgd) 

47,236 14.6 

51,042 17.3 

53,749 18.2 

61,159 20.8 

ES-3 Distribution System Analysis 
The major elements that comprise the City's distribution system are storage reservoirs, pump stations, and 
distribution system pipelines. The City's water storage and pump station facilities were evaluated based on 
updated actual water use and updated estimates of future water use, which resulted in deferral of 
improvement needs presented in the 2009 Water System Plan. 

The bulk of the City's distribution system storage is contained within its lowest pressure zone - the 276 North 
Pressure Zone. Water flows into this zone by gravity from the Whatcom Falls Water Treatment Plant. 
Relatively small storage reservoirs serve higher-elevation pressure zones. Pump stations lift water to these 
higher-elevation pressure zones. Because most all of the City's pump stations have capacities greater than 
peak hour demand within the pressure zones they supply, storage from the lower 276 North Pressure Zone 
can be counted on to serve these upper-elevation pressure zones. 

The updated pump station and storage evaluation completed as part of this WSP Update resulted in the 
improvements presented in Table E-2. However, none of these improvements are planned within the 6-year 
planning horizon. 

TABLE E-2 
Summary of Planned Pumping and Storage Improvements 

Improvement 

Pumping 

Kearney Road Pump Station 

Balsam Lane Pump Station Capacity Expansion 

401
h Street Pump Station 

980 Pump Station 

King Mounta in Pump Station 

Storage 

Samish Hill Reservoir 

King Mountain Reservo ir 

ES-4 Treatment Analysis 

ID Number 

PS-1 

PS-2 

PS-3 

PS-4 

PS-5 

ST-1 

ST-2 

In late July and August of 2009 the filters at the City's WTP began clogging much earlier in filter runs than 
typical. Filter runs became substantially shorter than normal, requiring more frequent filter backwashing. The 
result of shorter filter runs and increased filter backwashing was greatly reduced WTP capacity - to the point 

the City implemented mandatory water restrictions, for the first time, to reduce customer demand. It should 
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be noted that voluntary water restrictions are implemented each summer as a means of encouraging 
conservation during this time of typically-high customer water demand. The water restrictions were successful 
in reducing customer demand to match WTP capacity. Toward the end of August and into September, filter 
runs gradually began to return to normal and customer demand dropped, as it customarily does at that time 
of the year. 

Filter clogging was attributed to algae in Lake Whatcom. Monitoring revealed higher than typical counts of 
most algae species. Although the reasons for the intense algae bloom of the summer of 2009 is the subject of 
varied speculation, historical and on-going algae monitoring shows that summertime algae blooms in Lake 
Whatcom have been increasing over the past decade. It is speculated that despite efforts to reverse this trend, 
summertime algae blooms in Lake Whatcom will continue to increase in intensity and duration over the near
term future. Increased Lake Whatcom algae could again result in summertime algae blooms that prevent the 
WTP from treating sufficient supply to meet customer demand in the future. 

In response to the 2009 algae event, the City completed a study that is presented in a report entitled "Filter
Clogging Algae Mitigation Evaluation," dated June 2012 - hereinafter referred to as the Algae Mitigation 
Report. The Algae Mitigation Report evaluated treatment, intake, and lake management improvements and 
included a recommendation for the City to implement Dissolved Air Flotation (DAF) to mitigate adverse algae 
conditions. As presented in the Algae Mitigation Report, DAF was determined to be the technically superior 
treatment approach with respect to mitigating the algae problem, as well as being one of the lower cost 
treatment alternatives. DAF was also determined to be technically superior and far less costly than any of the 
intake alternatives. Lake Management was determined to be inadequate as a stand-alone mitigation approach 
because of the many years that will pass before improved water quality with respect to algae will be observed. 

In general, the schedule for DAF implementation includes preliminary and detailed design beginning in 2014 -
including the DOH-required submittals for the Project Report and the Construction Documents. Construction 
and commissioning would begin in late 2015 and extend into 2017. 

ES-5 Improvement Program 
The Improvement Program presented in Table E-3 replaces what was developed for the 2009 Water System 
Plan. The largest capital improvement over the 6-year planning horizon is the implementation of DAF at the 
Whatcom Falls Water Treatment Plant. 

ES-6 Financial Program 
The City recently completed a rate study for its water and sewer utilities, entitled "2012 Water and Sewer Rate 
Update." The study presented a 6-year financial plan from 2013 through 2018. Key findings and 
recommendations resulting from the study include rate increases of 9.0% in 2013, 8.0% per year from 2014 
through 2016, 6.0% for 2017 and 2018. The rate study included accounting for capital investment that 
matches the quantity presented in the Improvement Program in Table E-3. The rate increases planned for 
implementation by the City are anticipated to be more than adequate to cover utility expenses, including 
planned capital improvements 
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TABLE E-3 

Improvement Program 

ID Total Project 2019-
Project Number Cost 2013 2014 2015 2016 2017 2018 2032 

Kearney Road Pump Station PS-1 -- -- -- -- -- -- - xi 

Balsam Lane Pump St ation PS-2 -- -- -- -- -- -- -- x 
Capacity Expansion 

401
h Street Pump Station PS-3 -- -- -- -- -- -- -- x 

Future 980 Pump Station PS-4 - -- -- -- - -- -- x 

King Mounta in Pump Station PS-5 - -- -- -- - -- -- x 

Samish Hill Reservoir ST-1 - -- -- -- -- - -- x 

King Mounta in Reservoir ST-2 -- -- -- - -- - -- x 

Dissolved Air Flotation T-1 $11,000,000 -- $500,000 $1,000,000 $6,000,000 $3,500,000 

Marietta Re-Chlo rination T-2 -- -- x 
Station 

Disinfection Improvements T-3 $1,000,000 $100,000 $200,000 $700,000 

Screening Relocation T-4 $2,000,000 $250,000 $250,000 $1,500,000 
Improvements 

Water System Plan Update PN-1 $100,000 -- - -- -- - $100,000 

Metering Program M-6 $8,500,000 - $2,500,000 $2,500,000 $2,500,000 $1,000,000 

Annual Water Main PL-1 $12,000,000 $2,000,000 $2,000,000 $2,000,000 $2,000,000 $2,000,000 $2,000,000 
Replacement Program 

Total - $34,600,000 $2,000,000 $5,050,000 $4,750,000 $12,700,000 $6,500,000 $2,100,000 

1 
Each of the projects designated with an "X" in t he timeframe beyond the 6-year planning horizon were not incorporated into the financial program for the water utility. Therefore, estimated 

costs were not developed for these improvements. 
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2. Introduction 
The City of Bellingham (City) hereby updates its Water System Plan, which was completed in 
September 2009. The Washington State Department of Health (DOH) water system identification 
number for the City's municipal system is 05600. 

This update does not replace the 2009 Water System Plan in its entirety, but instead provides 
updated analysis related to a key treatment issue that arose since completion of the 2009 Water 
System Plan, as well as recent modifications to the distribution system related to distribution system 
water quality. Much of the content of the 2009 Water System Plan remains valid - other than where 
it is revised herein - and continues to document the City's overall plan for its water system. This 
document is hereby referred to herein as the Water System Plan Update (WSP Update) and is 
intended to complement and supplement the 2009 Water System Plan to form the City's overall 
water system planning approach for the 6-year and 20-year planning horizons- beginning in 2013. 

In support of the treatment and distribution elements cited above, the City's historical and 
estimated future water use have been supplemented with updated information. The resulting 
improvements from the treatment and distribution analysis comprise a revised Improvement 
Program, which is presented herein - replacing the one in the 2009 Water System Plan. In support 
of the new Improvement Program, a summary of the City's financial strategy is summarized herein. 

In summary, this WSP Update is comprised of updates to the following elements of the 2009 Water 

System Plan: 

+ Water Use: This WSP Update incorporates recent water use information and provides a revised 
estimate of future water use projections for the overall system and hereby replaces those 
elements from the 2009 Water System Plan. Other water use elements from the 2009 Water 
System Plan remain valid. 

+ System Analysis: This WSP Update includes hydraulic analysis of the distribution system 
(pipelines, pump stations, storage reservoirs) that reflects recent piping modifications within the 
distribution system. Facility description from the 2009 Water System Plan has not been 
repeated herein and remains valid. In addition to the analysis of the 2009 Water System Plan, 
analysis related to water age within the distribution system was completed because of recent 
related water quality impacts associated with loss of chlorine residual. 

+ Treatment Analysis: This WSP Update includes discussion of the planned dissolved air flotation 
(DAF) system to address annual summertime Lake Whatcom algae blooms that reduce capacity 
at the Whatcom Falls Water Treatment Plant (Plant). The City began planning for this 
improvement after the summer of 2009, during which Plant capacity was reduced to the point 
customer demand could not be met - resulting in the need for mandatory water restrictions. 
The DAF improvement was not included in the 2009 Water System Plan because the 2009 Water 
System Plan had been completed prior to the summertime algae bloom. This planned 
improvement is the primary stimulus for this WSP Update. This WSP Update also includes 
evaluation of the need for additiona I filtration capacity based on updated water use estimates. 

+ Improvement Program: The Improvement Program developed for this WSP Update reflects the 
updated analyses presented herein. This Improvement Program hereby replaces the 2009 
Improvement Program in its entirety. 
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+ Financial Program: Simultaneous to the completion of this WSP Update, the City completed a 
rate study for its water and wastewater utilities. The results of the rate study, entitled "2012 
Water and Sewer Rate Update," which includes increased water rates to cover escalating costs 
and near-term capital improvements, are briefly summarized herein. 

Documentation of requisite compliance with the State Environmental Policy Act {SEPA) is presented 
in Appendix C. The requisite statement of Local Government Consistency from Whatcom County is 
included as Appendix D. 
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3. Water Use 
Updated historical and projected City water use is presented in this section. This section includes 
water use data from 2008, 2009, 2010, 2011, and partial data from 2012. The 2009 Water System 
Plan included historical water use data only through 2007. The additional years of historical water 
use data, combined with the data presented in the 2009 Water System Plan as well as water use 
data from the 1990s enables identification of changing trends in water use. The additional years of 
historical water use data also support estimating future water use because these same trends can 
be incorporated into those estimates. 

3.1 Historical Water Use 
Historical water use is presented in Table 2-1 and Figures 2-1 and 2-2. From this table and these 
figures, several trends are identifiable, including: 

+ Steadily increasing service connections since 1990 with a reduced rate of increase in service 
connections over the past few years. 

+ Average Day Demand (ADD) for the City's system has declined overall since 1990 as well as in 
the past few years. 

+ Similar to ADD but at a greater rate, Maximum Day Demand (MOD) for the City's system has 
declined overall since 1990 as well as in the past few years. 

+ Per-connection ADD and MOD water use has declined steadily and substantially since 1990. 

+ The MOD/ADD demand ratio has declined over the years, which reflects the more-rapid decline 
in MOD than ADD. 

+ Water treatment plant (WTP) production at the Whatcom Falls WTP has declined over the years 
in parallel with the decline in MOD. The City generally operates the WTP to match system 

demand on a daily basis. 

+ Water use data from 2008 through 2012 - data that was not available for the 2009 Water 
System Plan - reflects decline in each of the water use metrics presented in Table 2-1. This 
recent decline has a substantial impact on estimates of future water use. 

Overall, it is clear that despite growth in population, which is reflected in the growth in number of 
service connections, total water use has been declining. There is both a decline in overall system 
ADD and MOD, but a much greater decline in MOD. The reason for this decline is the marked 
reduction in the quantity of water used per connection, which generally reflects the ever-increasing 
awareness of individual customers to conserve and use water wisely. These trends are reflected in 
many other communities throughout western Washington - particularly as it relates to reductions in 
MOD, which results primarily from reduced summertime outdoor watering. 

The extent to which the further reduction in per-connection water use continues into the future is 
uncertain. However, the City's ongoing program to convert two thirds of its customers, which are 
currently unmetered, to metered customers will likely lead to further per-connection water use 
reductions and could potentially result in negligible growth in overall system ADD and MOD for 
several years to come. 
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TABLE 2-1 
Historical Water Use 

Total System Demand Per-Connection Demand 
Demand WTP 

Service ADD MOD ADD MOD Ratio Production 

Year Connections (mgd} (mgd} (gpcpd} {gpcpd} MOD/ADD (mgd} 

1990 17,173 11.2 24.3 652 1,415 2.17 25.3 

1991 17,498 10.7 21.1 613 1,206 1.97 21.9 

1992 17,985 10.8 18.6 598 1,032 1.72 19.3 

1993 18,447 10.2 18.4 552 995 1.80 19.1 

1994 18,810 11.0 23.2 584 1,235 2.12 24.2 

1995 19,394 10.6 25.3 544 1,302 2.39 26.3 

1996 19,736 9.7 19.5 494 989 2.00 20.3 

1997 20,416 9.5 19.2 465 942 2.03 20.0 

1998 20,611 9.9 18.1 479 877 1.83 18.8 

1999 20,996 9.2 16.0 440 763 1.74 16.7 

2000 21,493 9.5 15.8 441 737 1.67 16.5 

2001 22,076 9.5 15.3 429 694 1.62 15.9 

2002 22,352 10.4 17.9 464 801 1.73 18.6 

2003 23,240 10.6 19.5 457 840 1.84 20.3 

2004 23,464 10.8 20.7 460 882 1.92 21.5 

2005 23,905 10.6 17.8 443 743 1.68 18.5 

2006 24,210 10.9 19.4 448 800 1.79 20.2 

2007 24,573 10.3 18.3 420 746 1.78 19.1 

2008 24,759 10.1 17.4 410 702 1.71 18.1 

2009 24,880 10.1 18.0 408 723 1.77 18.7 

2010 24,978 9.6 15.7 384 627 1.63 16.3 

2011 25,011 9.5 13.5 380 541 1.43 14.1 

2012 9.4 13.9 1.48 14.5 

1. Abbreviations: mgd = million gallons per day; gpcpd =gallons per connection per day 

2. WTP Production =Total System MOD plus 4% to account for uses at the Whatcom Falls WTP, including filter backwashing, filter-to-
waste, and other minor uses prior to delivery to customers. 

3. The 2012 MOD was a recorded value on August 3, 2012. 

4. The number of service connections for 2012 was assumed to be unchanged from the end of 2011 (25,011) - reflecting slowing growth 
and poor economic conditions. The actual number at the end of 2012 was not available at the time this data was assembled. 

5. The estimated 2012 ADD was estimated to be 99.3% of the 2011 ADD based on a comparison of the first 7 months of available water 
use data from 2012 and the same data from 2011. 
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3.2 · Estimated Future Water Use 
Projected water use is presented in Table 2-2 - extending from the current year, 2012, through the 
20-year planning horizon. Because the 2012 calendar year was not complete at the time this WSP 
Update was prepared, an entire year of actual ADD for 2012 was not available; however, it was 
estimated to be slightly less than the ADD for 2011- by 0.7 percent. This estimate was developed 
after a review of master meter data at the water treatment plant for the first 8 months of 2012 
showed that water use for this 8-month period was 99.3% of water use for the same period in 2011. 

TABLE 2-2 
Estimated Future ADD, MOD, ERUs, and WTP Production 

Total System Demand 
Equivalent WTP 

ADD MOD Residential Production 
Year (mgd) (mgd) Units {ERUs) (mgd) 

2012 9.4 14.0 47,236 14.6 

2018 10.2 16.7 51,042 17.3 

2022 10.8 17.5 53,749 18.2 

2032 12.2 20.0 61,159 20.8 

l. The estimated 2012 ADD was estimated to be equal to th e 2011 ADD multiplied by 1.2% based on a comparison of date from the 
first 7 months of 2011 and 2012. 

2. The 2012 MDD was a recorded value on August 16, 2012, as presented in Table 2-1. 

3. The 2018 and 2032 MDDs were estimated using the average of the MDD/ADD demand ratios for 2007 through 2012 (using 
estimated 2012 ADD) multiplied by the corresponding 2018 and 2032 ADDs. 

4. Future ERUs were estimated using the 199 gpd/ERU value from the 2009 Water System Plan. 

5. WTP Production =Total System MDD plus 4% to account for WTP uses. 

6. 2018 and 2032 estimates of ADD and ERUs are based on an annua l population growth rate of 1.5%. 

Actual MDD data for 2012 was ava ilable at the time this WSP Update was prepared, as presented in 
Table 2-1. However, future MDD was not estimated based on this 2012 MDD value. MDD is more 
affected by seasonal weather conditions and therefore subject to greater year-to-year variability 
than ADD. Future MDD was estimated by applying an average of the MOD/ADD demand ratio from 
the last few years (2007 through 2012) to the estimated future ADD values for 2018 and 2032. This 
approach reduces the impact of the very low MOD values from 2010, 2011, and 2012 which resulted 
from unseasonably cool summers. At the same time, however, this approach provides an accounting 
of the longer-term and recent decline of the City's MOD. It appears that the trend toward reduced 
MDD can be attributed, in part, to unseasonably cool summers during the 2010 to 2012 period as 
well as longer-term changes in customer water use. 

Future water use (6-year, 10-year, and 20-year projections) was estimated by escalating the 2012 
ADD equivalent to an annual population growth rate of 1.3 percent. This population growth rate 
estimate represents the annualized increase associated with the latest growth rate estimates 
adopted by the City for utility planning as well as the City's overall Comprehensive Plan. This 1.3 
percent annual growth rate is just over half as much as the 2.5 percent annual growth rate that was 
used in the 2009 Water System Plan for estimating future water use, and reflects an updated 
measure and understanding of local growth trends. The estimated future water use presented in 
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Table 2-2 is approximately 60 percent of what was estimated in the 2009 Water System Plan. This 
much-lower estimate of future water use results, in part from a lower ADD baseline starting point, 
but more-significantly from the lower annual growth rate. 

It is important to estimate future water use as accurately as possible to assess the adequacy of 
water rights as well as the need for infrastructure improvements. Although not specifically 
addressed in this WSP Update, the City has adequate municipal water rights to meet its current and 
projected ADD and MOD. With respect to infrastructure need, however, an accurate estimate of 
future MDD is of primary importance because MOD is used as the key criterion to establish the 
capacity of supply and treatment improvements. 
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4. Distribution System Analysis 
Analysis of the City's distribution system capacity, incorporating distribution system improvements 
since 2009 and updated water use, is presented in this section. The major elements that comprise 
the City's distribution system are storage reservoirs, pump stations, and distribution system 
pipelines. The City's water storage and pump station facilities were evaluated based on the updated 
actual water use and updated estimates of future water use, which resulted in changes from the 
improvement needs presented in the 2009 Water System Plan. 

The analysis presented herein is for capacity purposes, only, and does not address condition-related 
facility issues. The City is initiating an Asset Management Program that will continue through 2013 
to identify condition-related facility improvement needs for its drinking water and wastewater 
facilities. Upon its completion, the results of that program will be incorporated into the City's Water 
Plan. 

The City's distribution system pipelines were not evaluated with respect to capacity as part of this 
WSP Update because the City's actual water use has declined what was documented in the 2009 
Water System Plan, updated estimates of future water use are much lower than in the 2009 Water 
System Plan, and because there have been no changes to fire flow requirements. As a result, the 
distribution system pipeline analysis presented in the 2009 Water System Plan remains valid, even 
though somewhat conservative. No system improvements or modifications are warranted or 
planned because of distribution system pipeline capacity deficiencies. 

In addition to the storage and pumping evaluation presented herein, a distribution system water 
age evaluation was undertaken because of recent concerns relating to maintaining a chlorine 
residual within the distribution system at the Marietta Reservoir and Kearney Road Reservoir. The 
purpose of the water age evaluation was to develop a relative comparison of reservoir residence 
time for existing and potential alternative configurations. The objective of reducing water age is to 
facilitate maintaining a detectable chlorine residual within the distribution system, which is 
required . 

The analysis presented herein is based on updated water use, as presented in Section 2, which 
includes substantial reductions in average and peak water use in recent years and more modest 
projections of growth in water use than what were presented in the 2009 Water System Plan. The 
analyses were based on current water use as well as projected water use for the 6-, 10-, and 20-year 
planning horizons. Distribution of water use throughout the water system remains the same as 
developed for the 2009 Water System Plan. 

The City's latest service area map, pressure zone map, and hydraulic profile are presented at the 
end of this WSP Update as Figures 3-1, 3-2, and 3-3, respectively. These figures reflect recent 
changes in the City's service area via annexation and distribution system modifications in the vicinity 
of the Kearney Road Reservoir and James Street Pump Station. 

4.1 Pressure Zone Demands 
The system-wide existing and projected water use is summarized in Section 2 and was used for 
analyzing the overa ll system. However, water use for individual pressure zones is also necessary to 
analyze pumping, storage, and pipeline facilities. A summary of the current pressure zone average 
day demands (ADDs}, as developed from existing customer billing records and meter locations, is 
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presented in Table 3-1. Also presented in Table 3-1 is estimated future ADD on a per-zone basis 
based on a distribution of growth anticipated by the City. The combined estimated growth in water 
use for the City is the same as that presented in Table 2-2. 

TABLE 3-1 

Summary of ADD per Pressure Zone (gallons per minute) 

Pressure Zone 2012 2018 2022 2032 

276 North
1 2,917 3,152 3,172 3,427 

350 Cordata
2 804 869 1,107 1,410 

457 South
3 1,335 1,443 1,442 1,550 

460 King Mountain 9 10 41 73 

519 Dakin & Consolidation 
4 826 893 905 934 

780 Birch Street 10 11 16 28 

541 College Way 52 56 56 56 

696 Padden Yew 282 305 336 389 

730 Alabama Hill 221 239 276 330 

830 Reveill es 17 19 63 108 

873 Governor Roads 53 57 106 179 

Total 6,527 7,053 7,507 8,486 

Total (mgd) 9.4 10.2 10.8 12.2 

1 
Includes demands for Montgomery Road Water Association, Water District #2, and LWW&SD. 

2 
Includes demands for Deer Creek Association. 

3 
Includes demands for California Street Water Association. 

4 
Includes demands for the 660 Huntington Pressure Zone, LWW&SD, Water District #7, and Glen Cove Cooperative. 

s The 830 Reveille Pressure Zone and the 873 Governor Road Pressure will be combined to 870 Samish Hill Pressure Zone within the 

20-year planning horizon. 

4.2 Pump Stations 
Description of the City's pump stations is presented in the 2009 Water System Plan. The only 
changes to the City's pump stations since 2009, include: (1) the addition of the Samish Crest Pump 
Station, which provides domestic service for 20 new houses adjacent to the existing Parkhurst 
Reservoir; and (2) the re-connection of the James Street Pump Station suction from the 276 North 
Pressure Zone to the 519 Dakin & Consolidation Pressure Zone. The Samish Crest Pump Station does 
not provide fire flow to the 20 houses; but instead, fire flow protection is provided from a private 
fire system supplied from a fire department connection just down-slope from these 20 homes
within the 873 Governor Road Pressure Zone. 

Capacity analyses of the City's major pump stations were based on the updated water use 
information summarized in Section 2 are presented in the subsections below, after a discussion of 
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evaluation methodology. Pumping deficiencies identified are summarized in Section 3.6.1 and 
planned improvements for mitigating these deficiencies are presented in Section 3.7.1. 

4.2.1 Capacity Evaluation Methodology 
The pump station capacity evaluation accounts, where applicable, for pumped zones that are 
supplied from the zone into which the pump station being evaluated supplies. In other words, a 
pump station at a lower elevation within the overall water system must not only have the capacity 
to supply water to the pressure zone it directly discharges to, but also to all of the pumped zones 
above, that draw water from pressure zone being directly supplied. Pump stations are required, at a 
minimum, to meet the maximum day demand (MDD) of the pressure zone they supply, in addition 
to the demands of pressure zones above - as discussed above. The difference in demand from the 
pressure zone between the peak hour demand (PHD) and MDD is supplied from the storage that 
establishes the hydraulic grade line of the pressure zone and provides directly, stored supply. 
Pressure zones that are directly served by storage are referred to as "open" zones while pressure 
zones that do not have storage within the zone are referred to as "closed" zones. 

Pump stations that supply open zones are evaluated with respect to their " firm" capacity, as 
opposed to their total capacity. Total capacity refers to the capacity of a pump station w ith all 
pumps operating. Firm capacity refers to the capacity of a pump station with the largest pump out 
of service. This capacity evaluation approach is described in the Washington State Department of 
Health Design Manual. 

Pump stations supplying closed zones must have the capacity to supply peak hour demand (PHD} -
not just maximum day demand (MDD). As stated above, the difference between PHD and MDD is 
typically provided by distribution system storage, which is not available in closed zones. In addition 
to PHD, pump stations supplying closed zones must meet fire flow demand requirements within 
each pressure zone. Pump stations serving closed zones are required to be equipped with a backup 
power supply, which is the case for the City's pump stations serving these zones. 

Where two pump stations supply a particular zone, they were evaluated with respect to t heir 
combined capacity as though they are a single, combined pump station. This is a valid evaluation 
approach in recognition that each pump station does not need to completely redundant to each 
other- each having the capacity to meet the demand needs of the pressure zones t hey supply. In 
fact, because they are physica lly remote from each other, two separate facilities already have a 
slight inherent increase in redundancy and reliability than a single, larger-capacity facility. Since the 
two facilities are evaluated with respect to their capacity as a single, combined pumping faci lity, 
their combined firm capacity (capacity with the largest pump out of service) is defined by removing 
only the largest of the pumps from the two facilities (one pump total) from service. 

A summary of key evaluation elements of the pump stations evaluated are presented in Table 3-2. 
For those locations where two pump stations directly supply a pressure zone, both pump stations 
are listed together in the first column of Table 3-2. This applies to the Dakin & Consolidation Pump 
Station and the Woburn Pump Station, which both pump to the 519 Dakin & Consolidation Pressure 
Zone. This also applies to the Consolidation Pump Station and the 3gth Street Pump Station, which 
both pump to the 696 Padden Yew Pressure Zone. 
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TABLE 3-2 
Major City Pump Stations

1 

Pump Station(s) 

Otis Street2 

Dakin & 
Consolidation PS; 
Woburn PS

2 

James Street 

College Way 

Short Street 

Consolidation PS; 
38th Street PS 

Birch Street 

Balsam Lane 

Governor Road 

Huntington 

Reveille 

Zone Supplied from 
Pump Station 

457 South 

519 Dakin & 
Consolidation 

530 King Mountain 

541 College Way 

350 Cordata 

696 Padden Yew 

780 Birch Street 

730 Alabama Hill 

873 Governor Road 

660 Huntington 

830 Reveille 

Higher-Elevation 
Pressure Zones Served 

from Supplied Zone 

541 College Way 
696 Padden Yew; 
873 Governor Road; 
830 Reveille; 
980 Samish Crest 

696 Padden Yew; 
730 Alabama Hill; 
780 Birch Street; 
660 Huntington; 
830 Reveille; 
873 Governor Road; 
980 Samish Crest 

None 

None 

None 

873 Governor Road; 
830 Reveille 

None 

None 

980 

None 

None 

Pumps to a 
Reservoir? 

Yes 

Yes 

No 

No 

No 

Yes 

No 

No 

Yes 

No 

No 

Demand Capacity 

Criterion 

MDD 

MDD 

PHO 

PHD+FF 

PHD+FF 

MDD 

PHO+FF 

PHD+FF 

MDO 

PHO 

PHO+FF 

1
The Huntington, Samish Heights, Raymond, and Bonanza pump stations are very small pump stations that do not provide fire flow 

and serve areas that are not anticipated to grow substantially. All but the Huntington pump station are anticipated to be 
decommissioned and replaced within the 20-year planning horizon. 

2 
The 696 Padden Yew Pressure Zone and the three higher-elevation pressure zones supplied from the 696 Padden Yew Pressure Zone 

can be supplied either via the Consolidation Pump Station or the 38
1
h Street Pump Station. As a result, for the purpose of this analysis 

(and as an element of conservatism) the demand associated with these pressu re zones was accounted in the evaluation of both the 
Otis Street Pump Station and the combined evaluation of the Dakin & Consolidation Pump Station I Woburn Pump Station. 

4.2.2 Otis Street 
As shown in Table 3-3, the Otis Street pump station has adequate capacity through the 6-year, 10-
year, and 20-year planning period to meet the demands of the 457 South Pressure Zone. No 
capacity improvements to the Otis Street pump station are needed. 
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TABLE 3-3 
Otis Street Pump Station Capacity Evaluation (gpm) 

Demand/Capacity 2012 2018 2022 2032 

Demand (MDD) Required
1 2,837 3,066 3,252 3,667 

Existing Total Capacity 7,000 7,000 7,000 7,000 

Existing Firm Capacity 5,500 5,500 5,500 5,500 

Excess {Deficient) Capacity 2,663 2,434 2,248 1,833 

1 
Includes MDDs for 457 South, 541 College Way 696 Padden Yew, 873 Governor Road, and 830 Reveille 

4.2.3 Dakin & Consolidation; Woburn Street 
The Dakin & Consolidation Pump Station (formerly referred to as the Dakin & Yew Pump Station} is 

the primary pump station serving the 519 Dakin & Consolidation Pressure Zone (formerly the 519 

Dakin & Yew Pressure Zone}. The Woburn Street Pump Station serves as a redundant backup pump 

station. The two smaller, normal-operating pumps at the Woburn Street Pump Station are 

periodically operated manually to maintain operating condition and aid circulation of the 

distribution system. The two larger, high-flow pumps are controlled by a low pressure sensor on the 

discharge of the pumps that could initiate service in the event of a fi re flow condition. As a result, 

the Woburn Street Pump Station typically only operates during such low pressure conditions. 

As shown in Table 3-4, the combined capacity of these two pump stations far exceeds the required 

demands of the 519 Dakin & Consolidation Pressure Zone and each of the pressure zones above that 

are served directly or indirectly from the 519 Dakin & Consolidation Pressure Zone for each of the 

planning horizons listed. The 696 Padden Yew, 830 Reveille, and 873 Governor Road Pressure Zones 

TABLE 3-4 
Dakin & Consolidation Pump Station; Woburn Street Pump Station Capacity Evaluation (gpm) 

Demand/Capacity 2012 2018 2022 2032 

Demand (MDD) Required
1 2,312 2,499 2,733 3,012 

Existing Total Capacity 12,900 12,900 12,900 12,900 

Existing Firm Capacity 10,900 10,900 10,900 10,900 

Excess {Deficient) Capacity 8,588 8,401 8,167 7,888 

1 
Includes M DDs for 519 Dakin & Consolidation, 696 Padden Yew, 730 Alabama Hill, 780 Birch Street, 830 Reveille, and 873 Governor 

Road. 

were included in the capacity eva luation presented in Table 3-4, as an element of conservatism, 

even though the 696 Padden Yew Pressure Zone (and the small zones above it} is also served from 

the 457 South Pressure Zone via the 38th Street Pump Station. No capacity improvements are 

planned at either the Dakin & Consolidation Pump Station or the Woburn Street Pump Station. 

4.2.4 James Street 
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The James Street Pump Station supplies the 530 King Mountain Pressure Zone from the 519 Dakin & 
Consolidation Pressure Zone. Supply via the 519 Dakin & Consolidation Pressure Zone instead of the 
276 North Pressure Zone is a modification the City completed in 2011, as described previously. The 
530 King Mountain Zone is a closed zone; it is not served directly by storage. The James Street Pump 
Station must meet the peak hour demand (PHO} of the 530 King Mountain Pressure Zone. In 
addition, because it supplies a closed zone it would typically be required to have fire flow capacity to 
meet fire demands. However, the James Street Pump Station does not have fire flow capacity. To 
alleviate this deficiency, in 2011 the City extended the 519 Dakin Yew Pressure Zone to much of the 
530 King Mountain Pressure Zone area to provide fire flow. Consequently, the James Street Pump 
Station is not required to provide fire flow capacity. 

As shown in Table 3-5, the James Street Pump Station has adequate capacity to meet the domestic 
PHO needs of the 530 King Mountain Pressure Zone through the 10-year planning horizon. However, 
by the 20-year planning horizon, capacity expansion will be necessary. 

TABLE 3-5 
James Street Pump Station Capacity Evaluation (gpm) 

Demand/Capacity 2012 2018 2022 2032 

Demand (PHD) Required
1 22 24 101 180 

Existing Total Capacity 240 240 240 240 

Existing Firm Capacity 120 120 120 120 

Excess {Deficient) Capacity 98 96 19 (60) 

1 
Closed zone (not served directly by storage). Fire flow is not required becau se it is served by a parall el distribution piping system 

extended from the 519 Dakin & Consolidation Pressure Zone. 

4.2.5 Short Street 
The Short Street pump station supplies water to the 350 Cordata Pressure Zone from the 276 North 
Pressure Zone, and is the only means of boosting water to this zone. The 350 Cordata Pressure Zone 
is a closed zone; it is not served directly by storage. The Short Street Pump Station must meet the 
peak hour demand (PHO) of the 350 Cordata Pressure Zone. In addition, because it supplies a closed 
zone, it must also provide fire flow capacity to meet fire demands. 

As shown in Table 3-6, the Short Street Pump Station has adequate capacity to meet the domestic 
PHO needs as well as the fire flow needs of the 350 Cordata Pressure Zone through the 10-year 
planning horizon. However, by the 20-year planning horizon, some minor capacity expansion is 
anticipated to be necessary based on growth projections used. This estimated future need will be 
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TABLE 3-6 

Short Street Pump Station Capacity Evaluation (gpm) 

Demand/Capacity 2012 2018 2022 2032 

Demand (PHD) Required 1,978 2,138 2,724 3,470 

Demand (Fire Flow) Required 3,500 3,500 3,500 3,500, 

Combined Demand Required 5,478 5,638 6,224 6,970 

Existing Tota l Capacity 9,250 9,250 9,250 9,250 

Existing Firm Capacity 6,750 6,750 6,750 6,750 

Excess (Deficient) PHD Capacity 1,272 1,112 526 (220) 

re-eva luated in the future based on actual wate r use information at that time as well as updated 
growth projections at that time. 

It should also be noted that the City recently installed the Kellogg PRV that enables water from the 
519 Dakin & Consolidation Pressure Zone to flow into the eastern-most end of the 350 Cordata 
Pressure Zone. This PRV provides an emergency back-up supply (not full-capacity) in the event 
there's a problem with the Short Street Pump Station. This PRV will also allow water into the 350 
Cordata Pressure Zone during very high demand within the zone, including a fire flow condition. 

4.2.6 College Way 
The College Way Pump Station supplies water to the 541 College Way Pressure Zone from the 457 
South Pressure Zone, and is the only means of boosting water to t his zone. The 541 College Way 
Pressure Zone is a closed zone; it is not served directly by storage. The College Way Pump Station 
must meet the peak hour demand (PHD) of the 541 College Way Pressure Zone. In addit ion, because 
it supplies a closed zone, it must also provide fire f low capacity to meet fire demands. As shown in 
Table 3-7, the 541 College Way pump station has sufficient capacity through the 6-, 10-, and 20-year 
planning periods. No improvements are planned over the 20-year planning horizon. 

TABLE 3-7 

College Way Pump Station Capacity Evaluation (gpm) 

Demand/Capacity 2012 2018 2022 2032 

Demand (PHD) Required 128 138 138 138 

Demand (Fire Flow) Required 2,000 2,000 2,000 2,000 

Combined Demand Required 2,128 2,138 2,138 2,138 

Existing Tota l Capacity 3,400 3,400 3,400 3,400 

Existing Firm Capacity 2,400 2,400 2,400 2,400 

Excess (Deficient) PHO Capacity 272 262 262 262 
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4.2.7 Consolidation; 35th Street 
The Consolidation and 38th Street pump stations supply water to the 696 Padden Yew Pressure Zone 
from the 519 Dakin & Consolidation Pressure Zone and the 457 South Pressure Zone, respectively. 
The 696 Padden Yew Pressure Zone includes storage that directly serves the 696 Padden Yew 
Pressure Zone; therefore, fire flow capacity is not required from these two pump stations because it 
is provided from storage. As shown in Table 3-8, the combined capacity of Consolidation Pump 
Station and the 38th Street Pump Station are adequate to meet the estimated future demands of the 
696 Padden Yew Pressure Zone as well as the higher-elevation zones that are supplied from the 696 
Padden Yew Pressure Zone. 

TABLE 3-8 

Consolidation Pump Station; 38th Street Pump Station Capacity Evaluation (gpm) 

Demand/Capacity 2012 2018 2022 2032 

Demand (MDD) Required
1 562 607 798 1,033 

Existing Total Capacity 1,900 1,900 1,900 1,900 

Existing Firm Capacity 1,400 1,400 1,400 1,400 

Excess (Deficient) Ca pa city 838 793 602 367 

1 
Includes MD Os for 696 Padden Yew, 830 Reveille, 873 Governor Road, and 980 Pressure zones. 

4.2.8 Birch Street 
The Birch Street Pump Station supplies water to the 780 Birch Street Pressure Zone from the 519 
Dakin & Consolidation Pressure Zone, and is the only means of boosting water to this zone. The 780 
Birch Street Pressure Zone is a closed zone; it is not served directly by storage. The Birch Street 
Pump Station must meet the PHD of the 780 Birch Street Pressure Zone. In addition, because it 
supplies a closed zone, it must also provide fire flow capacity as well to meet fire demands. 

As shown in Table 3-9, the 780 Birch Street pump station has sufficient capacity through the 6-, 10-, 
and 20-year planning periods. No improvements are planned over the 20-year planning horizon. It 
shou ld also be noted that service from the Birch Street Pump Station and the 780 Birch Street 
Pressure Zone will be extended in the future to five existing residences currently served by two 
small booster pumps (Raymond Pump Station and Bonanza Pump Station; refer to Figure 3-3). 

TABLE 3-9 

Birch Street Pump Station Capacity Evaluation (gpm) 

Demand/Capacity 2012 2018 2022 2032 

Demand (PHD) Required 25 27 39 69 

Demand (Fire Flow) Required 750 750 750 750 

Combined Demand Required 775 768 776 796 

Existing Total Capacity 2,340 2,340 2,340 2,340 

Existing Firm Capacity 1,240 1,240 1,240 1,240 

Excess (Deficient) PHD Capacity 465 472 464 444 
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4.2.9 Balsam Lane 
The Balsam Lane pump station supplies water to the 730 Alabama Hill Pressure Zone. It is the only 
means of boosting water to this zone. The 730 Alabama Hill Pressure Zone is a closed zone; it is not 
served directly by storage. The Balsam Lane Pump Station must meet the PHD of the 730 Alabama 
Hill Pressure Zone. In addition, because it supplies a closed zone, it must also provide fire flow 
capacity as well to meet fire demands. 

As shown in Table 3-10, the Balsam Lane pump station has adequate capacity to meet PHD 
requirements of the 730 Alabama Hill Pressure Zone. However, it does not currently have adequate 
capacity to meet the combined PHD and fire flow requirement. This deficiency will increase as 
growth continues in the 730 Alabama Hill Pressure Zone. 

TABLE 3-10 

Balsam Lane Pump Station Capacity Evaluation (gpm) 

Demand/Capacity 2012 2018 2022 2032 

Demand (PHD) Required 544 588 678 813 

Demand (Fire Flow} Required 1,500 1,500 1,500 1,500 

Combined Demand Required 2,044 2,088 2,178 2,313 

Existing Total Capacity 2,200 2,200 2,200 2,200 

Existing Firm Capacity 1,600 1,600 1,600 1,600 

Excess (Deficient) PHD Capacity (444} (488} (578) (713} 

4.2.1 OGovernor Road 
The Governor Road pump station supplies water to the 873 Governor Road Pressure Zone, which is 
supplied directly by storage from the Parkhurst Reservoir. The recently completed Samish Crest 
Pump Station is also served from the 873 Governor Road Pressure Zone, and it supplies the new 980 
Pressure Zone. The Samish Crest Pump Station is considered to be a " temporary" pump station to 
serve approximately 20 additional houses that are at too high an elevation to be supplied from the 
873 Governor Road Pressure Zone. 

As shown in Table 3-11, the Governor Road Pump Station has adequate capacity to meet the MDD 
capacity need of the Governor Road Pressure Zone through the 10-year planning horizon. Beyond 
that, additional capacity w ill be necessary. However, long-term utility planning for this area by the 
City includes eventual replacement of the Governor Road Pump Station, the Parkhurst Reservoir, 
and the new Samish Crest Pump station with newer, larger-capacity facilities that will meet the 
needs of the broader area and enable combination of the 830 Reveille Pressure Zone and 873 
Governor Road Pressure Zone. 

When future development proceeds at the higher elevations just to the north of the 873 Governor 
Road Pressure Zone, it wi ll serve as a catalyst to combine the 873 Governor Road Pressure Zone and 
the 830 Reveille Pressure Zone into a single, new 870 Samish Hill Pressure Zone. This new 870 
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TABLE 3-11 

Governor Road Pump Station Capacity Evaluation (gpm) 

Demand/Capacity 2012 2018 2022 2032 

Demand (MDD) Required
1 87 94 152 472 

Existing Total Capacity 1,460 1,460 1,460 1,460 

Existing Firm Capacity 360 360 360 360 

Excess (Deficient) Capacity 273 266 208 (112)2 

1 
Includes MDDs for 873 Governor Road and 980 Pressure zones. 

2 
The Governor Road Pump Station is expected to be abandoned and replaced by the new 40'h Street Pump Station and 870 Samish Hill 

Reservoir before there is a capacity deficiency at the Governor Road Pump Station. 

Samish Hill Pressure Zone will be served by a new reservoir, the 870 Samish Hill Reservoir, and will 
be supplied from a new pump station {40th Street Pump Station) to be located at the site of the 
existing 40th Street Reservoir. Development at even higher elevations, including the homes served 
from the existing, temporary Samish Crest Pump Station, will be combined into a new, expanded 
980 Pressure Zone. This new 980 Pressure Zone will be a closed zone and will be supplied from a 
new pump station {Future 980 Pump Station) located at the site of the new 870 Samish Hill 
Reservoir. 

No specific deve lopment proposals or plans for the area exist at this time. However, development in 
this area is expected to prompt the need for the 870 Samish Hill Reservoir, the 40th Street Pump 
Station, and the Future 980 Pump Station sometime between the 6- and 20-year planning horizons. 

4.2.11 Reveille 
The Reveille Pump Station supplies water to the 830 Reveille Pressure Zone from the 696 Padden 
Yew Pressure Zone and is the only means of boosting water to this zone. The 830 Reveille Zone is a 
closed zone; it is not served directly by storage. The Reveille Pump Station must meet the PHD of the 
830 Reveille Pressure Zone. In addition, because it supplies a closed zone, it must also provide fire 
flow capacity as well to meet fire demands. 

As shown in Table 3-12, the Reveille Pump Station has adequate capacity meet PHD requirements 
through the 6-year planning horizon. However, sometime after that (depending on actual growth 
and development within the 830 Reveille Zone), additional pumping capacity will be necessary. 
Unless the 870 Samish Hill Reservoir and associated facilities are in place (refer to discussion above 
for the Governor Road Pump Station), the City will expand the capacity of the pump station by 
replacing the smaller {100-gpm) of the two existing pumps with a larger pump to meet projected 
PHD. The City does not intend to modify the pump station to provide fire flow because fire flow 
capacity is forthcoming once the 870 Samish Hill Reservoir is completed and placed into service. 
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TABLE 3-12 

Reveille Pump Station Capacity Evaluation (gpm) 

Demand/Capacity 2012 2018 2022 2032 

Demand (PHD) Required 43 46 109 267 

Demand (Fire Flow) Required 750 750 750 750 

Combined Demand Required 793 796 859 1,017 

Existing Tota l Capacity 300 300 300 300 

Existing Firm Capacity 100 100 100 100 

Excess (Deficient ) PHD Capacity (693) {696) {759) (917) 

4.3 Storage 
Description of the City's distribution system reservoirs is presented in the 2009 Water System Plan. 
There have been no storage volume additions or subtractions since the 2009 Water System Plan. As 
is required, the City's overall water system was eva luated with respect to requi red st orage volume, 
and individual pressure zones served directly (or indirectly as in closed zones) from storage were 
also eva luated with respect to required storage volume. Many of the City's pressure zones are not 
served directly from storage, which is acceptable if the pump station supplying these zones is 
designed and operated appropriately to meet PHO plus fire flow. Some of these zones are planned 
to be served directly from new storage in the future, but the timing for these improvements is 
dependent on the pace of growth within these closed zones. Per-zone storage eva luations were not 
undertaken for closed zones because in most cases they will continue to remain as closed zones. In 
cases where closed zones cou ld be modified to be served directly from storage, the precise volume 
of storage needed will be assessed when development is imminent. 

The updated storage eva luation, based on the updated demands presented in Table 3-1 herein, is 
presented in Tables 3-13 through 3-18. It should be noted that surplus storage available in the City's 
276 North Pressure Zone is accounted in higher-elevation pressure zones, as described in the 
subsections below, which is appropriate given the generous capacity of the pump stations lifting 
water to these upper pressure zones. This apportionment of the City's storage resources is critical to 
avoid over-counting the need for additional storage at higher elevations. 

The methodology for determining the required storage volume for each pressure zone is presented 
in the 2009 Water System Plan. Note that fire suppression volume is based on the fire flow 
requirements for each pressure zone, as presented in the 2009 Water System Plan, multiplied by 
two hours. 

Storage deficiencies identified in the subsections below are summarized in Section 3.6.2. Planned 
improvements for mitigating these deficiencies are presented in Section 3.7.2. 
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4.3.1 System-Wide 
A summary of the storage evaluation for the overall system is presented in Table 3-13. As shown in 
Table 3-13, there is adequate total storage within the existing overall system through the 10-year 
planning horizon. After that, additional storage is projected to be required. These projected storage 
needs will be met with storage implemented in response to development pressure. This additional 
future storage will be added to the existing system where it is needed, within pressure zones that 
need additional storage, not within pressure zones that already have excess storage. The general 
location and capacity of future storage is identified in the per-zone storage evaluation sections 
below. 

TABLE 3-13 

System-Wide Storage Evaluation (million gallons) 

Storage Component 2012 2018 2022 2032 

Operational 1.65 1.65 1.65 1.65 

Equalization 1.28 1.39 1.48 1.67 

Standby 18.80 20.31 21.63 24.44 

Fire Suppression 0.42 0.42 0 .42 0.42 

Total Required 21.73 23.35 24.75 27.76 

Available
1 23.19 25.69 25.69 25.69 

Surplus (Deficit) 1.46 2.34 1.08 (2.07) 

1 
Available storage includes the 1.18 MG of dead storage at Marietta Reservoir. It also includes the subtraction of 5 million gallons of 

volume dedicated to chlorine contact storage at Whatcom Falls II in 2012 and 2.5 million gallons of ch lorine contact storage in future 
years. The future reduction in chlorine contact storage results from reduced requirements associated with the implementation of the 
planned Dissolved Air Flotation project {refer to Section 4.1 for further discussion). 

4.3.2 276 North 
A summary of the storage evaluation for the 276 North Pressure Zone is presented in Table 3-14. As 
shown in Table 3-14, there is surplus storage in the 276 North Pressure Zone through the 20-year 
planning horizon. However, it must be noted that most of this surplus storage is available for use by 
higher-elevation pressure zones that are served directly from the 276 North Pressure Zone. This is 
true as long as the pump stations supplying these higher-elevation pressure zones have adequate 
capacity to provide the required PHO for these zones, which is the case for both zones. The two 
higher-elevation pressure zones that depend on this surplus storage are the 519 Dakin & 
Consolidation Pressure Zone and the 457 South Pressure Zone. The surplus storage in the 276 North 
Pressure Zone is adequate to meet the storage needs of these two other zones through the 10-year 
planning horizon. However, surplus storage from the 276 North Pressure Zone is also available to 
the higher-elevation pressure zones that are served from these two pressure zones. The availability 
of surplus storage from the 276 North Pressure Zone has been accounted for in the storage 
evaluations presented herein of each of the pressure zones that have storage reservoirs . These 
pressure zones include: 457 South, 519 Dakin & Consolidation, 696 Padden Yew, and 873 Governor 
Road. 
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TABLE 3-14 
276 North Pressure Zone Storage Evaluation (million ga llons)1 

Storage Component 2012 2018 2022 2032 

Operational
2 0.00 0.00 0.00 0.00 

Equalizat ion 0.73 0.79 0.85 0.97 

St andby 10.74 11.61 12.44 14.14 

Fire Suppression 0.42 0.42 0.42 0.42 

Tot al Requi red 11.48 12.40 13.18 15.11 

Avai lable
2 19.01 21.51 21.51 21.51 

Surplus {Deficit) 7.54 9.11 8.33 6.40 

1 
Includes the demands of the 3SO Cordata Pressure Zone, which is a closed zone served directly from the 276 North Pressure Zone. 

2 
Operational storage is zero because the storage reservoirs in the 276 North Pressure Zone is supplied by gravity and no operat ional 

volume is necessary. However, as described in Table 3-13, a portion of W hatcom Falls II Reservoir is dedicated to meeting disinfection 
contact requirements (CT requirements) - S million gallons in 2012 and 2.5 million gallons in future years, after OAF has been 
implemented. 

4.3.3 457 South 
A summary of the storage evaluation for t he 457 South Pressure Zone is presented in Table 3-15. As 
shown in Table 3-15, there is insufficient storage in the 457 South Pressure Zone. However, as stat ed 
above, there is surplus storage in the 276 North Pressure Zone, which supplies the 457 South 
Pressure Zone via the Otis Street Pump Station. The Otis Street Pump Station has adequate pumping 
capacity to meet the PHD requirements of the 457 Pressure Zone, which enables accounting surplus 
storage from the supplying 276 North Pressure Zone to the 457 South Pressure Zone. 

TABLE 3-15 
457 South Pressure Zone Storage Evaluation (million gallons)1 

Sto rage Component 2012 2018 2022 2032 

Operational 0.75 0.75 0.75 0.75 

Equalization 0.27 0.30 0.29 0.32 

Sta ndby 4.00 4.32 4.32 4.63 

Fire Suppression 0.30 0.30 0.30 0.30 

Tota l Required 5.02 5.36 5.45 5.69 

Avai lable 1.70 1.70 1.70 1.70 

Surplus (Deficit) (3.32) (3.66) (3.75) {3.99) 

Transfer fro m 276 North 3.32 3.66 3.75 3.99 

Resulting Surplus {Deficit) 0 0 0 0 

Remaining in 276 North 4.22 5.45 4.58 2.41 

1
1ncludes t he demands of the S41 College Way Pressure Zone, which is a closed zone served direct ly from the 457 South Pressure Zone. 

4.3.4 519 Dakin & Consolidation 
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A summary of the storage evaluation for the 519 Dakin & Consolidation Pressure Zone (formerly the 
519 Dakin & Yew Pressure Zone) is presented in Table 3-16. As shown in Table 3-16, there is 
insufficient storage in the 519 Dakin & Consolidation Pressure Zone. However, as stated above, 
there is surplus storage in the 276 North Pressure Zone, which directly supplies the 519 Dakin & 
Consolidation Pressure Zone via the Dakin & Consolidation Pump Station and the Woburn Street 
Pump Station. These two pump stations have adequate pumping capacity to meet the PHD 
requirements of the Dakin & Consolidation Pressure Zone, which enables accounting surplus storage 
from the supplying 276 North Pressure Zone to the 519 Dakin & Consolidation Pressure Zone. 

TABLE 3-16 

519 Dakin & Consolidation Pressure Zone Storage Evaluation (million gallons)1 

Storage Component 2012 2018 2022 2032 

Operational 0.39 0.39 0.39 0.39 

Equalization 0.21 0.22 0.23 0.25 

Standby 3.07 3.32 3.50 3.93 

Fire Suppression -0.42 0.42 0.42 0.42 

Total Required 3.67 3.94 4.13 4.58 

Existing Storage 1.50 1.50 1.50 1.50 

Surplus (Deficit) (2.17) (2.44) (2.63) (3.08) 

Transfer from 276 North 2.17 2.44 2.63 3.08 

Resulting Surplus (Deficit) 0 0 0 0 

Remaining in 276 North2 2.05 3.01 1.93 (0.67)3 

1 
Includes demand for the 730 Alabama Hill, 780 Birch Street, 660 Huntington, and 530 King Mountain pressure zones, which are all closed 

zones served directly from the 519 Dakin & Consolidation Pressure Zone. 

2 
These values include the subtraction of surplus 276 North storage capacity to entirely mitigate the deficit in the 457 South Pressure Zone 

over the 20-year planning horizon. 

3 
This deficit is shown as being in the 276 North Pressure Zone given the high pumping capacity from the 276 North Pressure Zone to the 

519 Dakin & Consolidation Pressure Zone. However, this future deficiency could also be addressed w ith new storage in the 519 Dakin & 
Consolidation Pressure Zone. 

Note that the remaining storage in the 276 Pressure Zone, as presented in Table 3-16 includes 
meeting the full storage deficit for the 457 South Pressure Zone of the 20-year planning horizon. 
Therefore, the storage needs of the 519 Dakin & Consolidation Pressure Zone can only be met 
through the 10 year planning horizon. After that, additional storage is projected to be necessary. 

4.3.5 696 Padden Yew 
A summary of the storage eva luation for the 696 Padden Yew Pressure Zone is presented in 
Table 3-17. As shown in Table 3-17, there is insufficient storage in the 696 Padden Yew Pressure 
Zone. However, as stated above, there is surplus excess storage in the 276 North Pressure Zone, 
which directly supplies the 519 Dakin & Consolidation Pressure Zone and the 457 South Pressure 
Zone. The 696 Padden Yew Pressure Zone is supplied from the combined capacity of the 
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TABLE 3-17 
696 Padden Yew Pressure Zone Storage Evaluation {million gallons)

1 

Storage Component 2012 2018 2022 2032 

Operational 0.07 0.07 0.07 0.07 

Equalization 0.06 0.06 0.08 0.08 

Standby 0.86 0.93 1.15 1.12 

Fire Suppression 0.18 0.18 0.18 0.18 

Total Required 1.00 1.07 1.30 1.27 

Existing Storage 0.80 0.80 0.80 0.80 

Surplus (Deficit) (0.20) (0.27) (0.42) (0.47) 

Transfer from 276 North 0.20 0.27 0.42 None 

Resulting Surplus (Deficit) 0 0 0 (0.47) 

Remaining in 276 North2 1.85 2.74 1.51 (0.67)3 

1
1ncludes demand for the 830 Reveille Pressure Zone, which is a closed zone served directly from the 696 Padden Yew Pressure Zone. 

2 
These values include the subtraction of surplus 276 North storage capacity to entirely mitigate the deficit in the 457 South Pressure 

Zone over the 20-year planning horizon, as well as meeting the storage deficit of the 519 Dakin & Consolidation Pressure Zone through 
the 10-year planning horizon. 

3 
As stated in Footnote 3 of Table 3-16, this deficit is shown as being in the 276 North Pressure Zone. However, t his deficiency could 

also be addressed in part or in whole with new storage in the 519 Dakin & Consolidation Pressure Zone, the 457 South Pressure Zone, 
or the 696 Padden Yew Pressure Zone, or the future 870 Samish Hill Pressure Zone. 

Consolidation Pump Station and the 381
h Street Pump Station, which are supplied from the 519 

Dakin & Consolidation Pressure Zone and 457 South Pressure Zone, respectively. 

Consequently, even though the surplus storage in the 276 North Pressure Zone has already been 
accounted in evaluating the storage needs of the 519 Dakin & Consolidation Pressure Zone and the 
457 South Pressure Zone, there remains additional surp lus capacity, as presented in Table 3-16, 
after the storage deficits of these two pressure zones are met through the 10-year planning horizon 
but not for the 20-year horizon. There is adequate surplus storage capacity from the 276 North Zone 
through the 6-year planning horizon to meet the storage deficiencies of the 519 Dakin & 
Consolidation Pressure Zone, the 457 South Pressure Zone, as well as the higher-elevation 696 
Padden Yew Pressure Zone. It is possible to account the remaining surplus capacity from the 276 
North Pressure Zone in the 696 Padden Yew Pressure Zone because the combined capacity of the 
Consolidation Pump Station and the 381

h Street Pump Station meet the PHD requirements of the 696 
Padden Yew Pressure Zone. 

In summary, no additional storage is needed for the 696 Padden Yew Pressure Zone through the 10-
year planning horizon. 

4.3.6 873 Governor Road 
A summary of the storage evaluation for the 873 Governor Road Pressure Zone is presented in 
Table 3-18. As shown in Table 3-18, there is a slight storage deficiency in the 873 Governor Road 
Pressure Zone. However, as stated above for the 276 North Pressure Zone, and re-iterated for the 
519 Dakin & Consolidation Pressure Zone, the 457 South Pressure Zone, and the 696 Padden Yew 

2012 CITY OF BELLINGHAM WATER SYSTEM PLAN UPDATE 4-lS 



TABLE 3-18 

873 Governor Road Pressure Zone Storage Evaluation (million gallons) 

Storage Component 2012 2018 2022 2032 

Operational 0.06 0.07 0.07 0.07 

Equalization 0.01 0.01 0.02 0.06 

Standby 0.12 0.13 0.25 0.83 

Fire Suppression 0.09 0.09 0.09 0.09 

Total Required 0.19 0.22 0.34 0.96 

Existing Storage 0.18 0.18 0.18 0.18 

Surplus (Deficit) (0.01) (0.04) (0.16) (0.78) 

Transfer from 276 North 0.01 0.04 0.16 None 

Resulting Surplus (Deficit) 0 0 0 (0.78) 

Remaining in 276 North 1.84 2.7 1.35 (0.67) 

Pressure, there is surplus storage 276 North Pressure Zone that be accounted in the 873 Governor 
Road Pressure Zone through the 10-year planning horizon. Refer to the discussion above for the 696 
Padden Yew Pressure Zone regarding how surplus storage can be accounted in the 696 Padden Yew 
Pressure Zone. The 873 Governor Road Pressure Zone is supplied from the 696 Padden Yew Pressure 
Zone via the Governor Road Pump Station. The Governor Road Pump Station has sufficient capacity 
to meet PHD to transfer the surplus storage from the 276 North Pressure Zone to the 873 Governor 
Road Pressure Zone. 

In summary, similar to the 696 Padden Yew Pressure Zone, no additional storage is needed for the 
873 Governor Road Pressure Zone through the 10-year planning horizon. However, similar to the 
696 Padden Yew Pressure Zone, additional storage for the 20-year horizon, is projected to be 
necessary. 

4.4 Water Age Analysis 
The City has observed a loss of chlorine residual at the Kearney Road Reservoir and the Marietta 
Reservoir - both serving the City's 276 North Pressure Zone. Neither of these reservoirs have pump 
stations that directly draw water from them to higher pressure zones. Therefore, these reservoirs 
experience limited turnover unless water level in the entire 276 North Pressure Zone, including at 
Whatcom Falls Reservoir I and Whatcom Falls Reservoir II is purposely drawn down by reducing 
production at the Whatcom Falls Water Treatment Plant to a level below customer water usage for 
several days. Limited turnover in the reservoirs results in elevated water age, a resulting loss of 
chlorine residual, and a corresponding potential for bacteriological contamination. 

Over the past two years, on a weekly basis, the City draws down reservoir levels in the 276 North 
Pressure Zone on a weekly basis to promote turnover of the reservoirs. This operational approach 
has resulted in maintaining chlorine residual throughout the system. The City plans to continue this 
operational approach indefinitely, as long as it remains successful. However, the City has also 
evaluated alternative improvement approaches to enhance water age conditions at both Marietta 
Reservoir and Kearney Road Reservoir. Some of these improvement approaches are either 
underway or planned for implementation, while others will only be implemented if determined in 
the future to be necessary. 
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In addition to drawing down the reservoirs in the 276 North Pressure Zone, including the Marietta 
Reservoir, to enhance maintenance of a chlorine residual, the City has modified the single
inlet/outlet reservoir connection so that the inlet is on one side of the reservoir and the outlet on 
the other. Check valves restrict inlet water flows into the reservoir to the inlet line and outlet water 
flows to the separate outlet line. In tandem with this improvement, the City plans to change its 
primary supply location to Water District No. 2 from the Marine Dr/Bennett Dr meter location to 
near the outlet of the Marietta Reservoir. Supplying Water District No. 2 from the Marietta 
Reservoir will increase the volume of water flowing through the Marietta Reservoir and reduce 
water age at this location. 

At the Kearney Road Reservoir, where chlorine residual has fallen at times to undetectable levels on 
the outlet of the reservoir, the City has analyzed the impact of installing a small pump station that 
would lift water from the outlet of the Kearney Road Reservoir to the 519 Dakin & Consolidation 
Pressure Zone. This pump station would force water to flow through the Kearney Road Reservoir 
and substantially reduce water age. Because the 519 Dakin & Consolidation Pressure Zone is already 
served from two other large-capacity pump stations, this new pump station cou ld be a relatively 
simple station with two equal-sized, single-speed pumps operated as the primary means of lifting 
wate r to the 519 Dakin & Consolidation Pressure Zone. On-site back-up power would not be 
necessary because of the surplus of existing pumping capacity. Alternatively, shou ld the City decide 
to implement this improvement, the discharge of the pump station could be to the 350 Cordata 
Pressure Zone instead of the 519 Dakin & Consolidation Pressure Zone. A pump station supplying 
the 350 Cordata Pressure Zone would be somewhat more complicated with either a re-circulation 
loop for single-speed pumps or variable speed drives. The better discharge alternative would need 
to be evaluated closer to the t ime of implementation in consideration of development pressure and 
patterns in the local area. If discharge is to the 519 Dakin & Consolidation Pressure Zone, control of 
the existing Dakin & Consolidation Pump Station and Woburn Street Pump Station would be revised 
to provide peak demand and fire flow capacity, periodic operation, and redundant back-up 
operation. 

Water age was modeled to evaluate the beneficial impacts of the improvements described above at 
the Marietta Reservoir and Kearney Road Reservoir sites using the City's existing distribution system 
hydraulic model. The results of the modeling are presented in Figure 3-4 for the Marietta Reservoir 
and Figure 3-5 for the Kearney Road Reservoir. 

What is clear from Figure 3-4 is that water age at the Marietta Reservoir wi ll continue to be 
elevated. This reservoir is located at the end of the distribution system with minimal use nearby to 
promote cycl ing or turnover. Whether or not the improvements described above are enough to 
enable maintenance of a detectable chlorine residual is uncertain. If after implementation of the 
improvements, it is sti ll not possible to maintain a detectable chlorine residual, a re-chlorination 
station will be necessary at the Marietta Reservoir. If a re-chlorination station is determined to be 
necessary, it will be implemented, but for the purposes of this planning effort, it is assumed that it 
will not be necessary and therefore is not included in the Improvement Program within the 6-year 
planning horizon. If needed, the new re-chlorination station cou ld be comprised of a small pre
engineered building housing a chlorine metering pump, a chlorine residual analyzer, SCADA 
monitoring, and space for two SS-gallon drums of sodium hypochlorite. 
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As presented in Figure 3-5, for the Kearney Road Reservoir, the potential new pump station to the 
519 Dakin & Consolidation Pressure Zone drastically reduces water age and could enable 
maintenance of a chlorine residual at this location. Supplying the 519 Dakin & Consolidation 
Pressure Zone from the Kearney Road Reservoir instead of the existing pump stations increases 
water age within the 519 Dakin & Consolidation Pressure Zone by up to two days under ADD 
conditions. However, this additional water age would not be expected to create any water quality 
challenges. 

4.5 Anticipated Development I Planned 
Improvements 
The City regularly receives development interest and proposals throughout the City. Where such 
development is relatively small and involves filling in small undeveloped portions of already
developed areas, the need for additional water system infrastructure is minimal and typically limited 
to pipeline extensions. In these cases, development does not prompt the need for additional 
pumping and storage facilities. However, where development proposals are more extensive and 
reach to areas lacking water service, additional pumping and storage facilities are typically needed in 
addition to pipeline extensions. 

The addition of these pumping and storage facilities must be thoughtfully planned and coordinated 
with other, existing storage and pumping facilities to avoid excessive facility redundancy and the 
associated service inefficiency and higher operating costs. Via comprehensive, pro-active utility 
planning, the City incorporates pumping and storage infrastructure needs for these more extensive 
development proposals, where applicable, into mitigating other known or anticipated system 
deficiencies and improving overall system efficiency. In other words, in some cases it is possible to 
address pumping or storage deficiencies within the existing system with pumping and storage 
facilities that serve new development. 

Two particular areas within the City where development interest has existed for several years, are 
the King Mountain area on the north side of the City and the Samish Hill area east of Interstate 5 
and north of Lake Padden, just to the east of the 696 Padden Yew Zone. Water service to these two 
development areas is presented in the two sections below. 

4.5.1 King Mountain Area 
The King Mountain area is situated primarily to the north of the 350 Cordata Pressure Zone and west 
of the existing 530 King Mountain Pressure Zone. Lower-elevation portions of the King Mountain 
area could be served in the near-term future from the 350 Cordata Pressure Zone, or with recent 
extension of the 519 Dakin & Consolidation Pressure Zone, service directly from that zone is 
possible. 

Development at higher elevations on King Mountain would require a new continuously-operating 
pump station serving a closed pressure zone. This pump station, referred to hereinafter as the King 
Mountain Pump Station, would be situated at the Kearney Road Reservoir Site and would lift water 
from the outlet of the Kearney Road Reservoir at a hydraulic gradient of 276 feet elevation to a 
hydraulic gradient of 630 feet elevation. Alternatively, suction to this pump station could be from 
the 519 Dakin & Consolidation Pressure Zone at or near the Kearney Road Reservoir, or more likely 
adjacent to the existing James Street Pump Station. In either case, a new transmission pipeline 
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connected to the pump station discharge would be necessary to connect the new pump station to 
the distribution area. Evaluation of these two alternatives will be undertaken at the time planning 
for development in this area is initiated. 

Additional storage at King Mountain is not currently necessary. However, if at some point in the 
longer-term future, storage is needed to mitigate a system-wide need, a new storage reservoir could 
be implemented to serve the existing 350 Cordata Pressure Zone, which is a closed zone - not 
se rved directly from a storage reservoir. The City has identified this potential futu re reservoir as the 
King Mountain Reservoir. Tentatively, the overflow elevation of this reservoir would be 370 feet, 
and it would serve to raise the hydraulic gradient of the existing 350 Cordata Pressure Zone to 370 
feet. It would be supplied from the existing Short Street Pump Station with minor facility 
modifications. Additional distribution system pipe line improvements may be necessary to improve 
flow from the Short Street Pump Station to the new reservoir, which would need to be evaluated 
during the planning phase for this potential future project. 

Raising the gradient to 370 feet elevation wou ld expand the reach of the future 370 Cordata 
Pressure Zone to the west side of King Mountain. The vo lume of the potential future King Mountain 
Reservoir w ill be determined closer to the time it is implemented. Add itionally, alternative locations 
(even locations beyond the King Mountain area) will be evaluated if/when additional storage is 
determined to be necessary for the overall water system. 

4.5.2 Samish Hill Area 
The more-southerly area of development interest exists between the existing 830 Reveille Pressure 
Zone and the 873 Governor Road Pressure Zone. The addition of a future storage reservoir, a future 
pump station, and associated connecting transmission pipeline to serve this higher-elevat ion area 
will enable combination of the 830 Reveille Pressure Zone and the 873 Governor Road Pressure 
Zone into a new 870 Samish Hill Pressure Zone. Doing so will result in fire flow capacity to the 
existing 830 Reveille Pressure Zone and enable replacement of the Reveille Pump Station, Parkhurst 
Reservoir, and Governor Road Pump Station. The new, replacement facilit ies w ill include a single, 
new pump station at the 40th Street Reservoir site (future 40th Street Pump Station), a single new 
storage reservoir (future Samish Hill Reservoir) that wou ld have an overflow elevation of 870 feet, 
and a connecting transmission pipeline between the two. The volume of th is reservoir will be 
determined closer to the time of its implementation . These additiona l faci lities are necessary to 
extend service to most of the Samish Hill area. However, if development of the Samish Hill area does 
not occur, these add itional faci lit ies will not be necessary, including the Samish Hill Reservoir. 

In addition, the existing 980 Pressure Zone that was recently extended from the 873 Governor Road 
Pressure Zone via the Samish Heights Pump Station, which does not have fire flow capacity, would 
be replaced by a new pump station lifting water to a larger 980 Pressure Zone area. This new pump 
station is referred to as the "980 Pump Station," and it would have fire flow capacity and supply all 
of the surrounding higher-elevation areas that are too high to be served from the future Samish Hill 
Reservoir. 

4.6 Summary of Pumping and Storage Deficiencies 
Pumping and storage deficiencies identified via the eva luations presented in the sections above are 
summarized in Table 3-19. Note that there are no storage deficiencies projected within the 6-year 
planning horizon and on ly two pumping deficiencies projected within the 10-year planning horizon. 
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More discussion of these deficiencies is presented in the subsections below. The future Kearney 
Road Pump Station is not addressed in this section because it is not a deficiency related to an 
existing pump station, but instead an improvement to alleviate the excessive water age issue at 
Kearney Road Reservoir. 

TABLE 3-19 

Summary of Pumping and Storage Deficiencies (gpm for pumping and million gallons for storage) 

Pumping 

Short Street 

James Street 

Balsam Lane 

Governor Road 

Reveille 

Storage 

System Wide 

Deficiencies 

276 North Pressure Zone
1 

696 Padden Yew Pressure Zone 

873 Governor Road Pressure Zone 

2012 

444 

693 

2018 2022 

488 578 

696 759 

2032 

220 

60 

713 

112 

917 

2.07 

0.67 

0.47 

0.78 

1 
Refer to Tables 3-14 through 3-18 for review of how the t ransfer of surplus storage in the 276 North Pressure Zone results in an 

estimated future deficiency in the 276 North Pressure Zone. Estimated future deficiency in the 276 North Pressure Zone is anticipated 
to be corrected by additional storage in higher-elevation pressure zones - not additional storage in the 276 North Pressure Zone. 

4.6.1 Pumping 
The only deficiencies at existing pump stations within the 10-year planning horizon are at Balsam 
Lane and at Reveille. In these two cases, the deficiencies exist now, and in both cases PHO needs are 
met, but the combined fire flow I PHO requirement is not met. Deficiencies were identified at the 
20-year planning horizon for these two pump stations, as well as for three other pump stations -
Short Street, James Street, and Governor Road. Discussion of how the City plans to address each of 
these deficiencies is presented in Section 3.7.1. 

4.6.2 Storage 
No storage deficiencies are identified within the 10-year planning horizon. At the 20-year planning 
horizon the projected total storage deficiency will be approximately two million gallons. Storage 
deficiencies are shown in Table 3-19 at the 20-year planning horizon for the overall distribution 
system, the 276 North Pressure Zone (because of transfers to higher pressure zones), the 696 
Padden Yew Pressure Zone, and the 873 Governor Road Pressure Zone. Surplus storage from the 
276 North Pressure Zone was used, to the extent available, to mitigate deficiencies for all of the 
higher-elevation pressure zones. 

The projected future storage needs at the 20-year planning horizon, as presented in Table 3-19, are 
planned to be met via storage improvements that will be needed to accommodate development, as 
described in Section 3.5, in the Samish Hill area and/or on King Mountain. The timing and pace of 
development in these areas is uncertain at this time. In the event growth does not occur in these 
areas soon enough to enable the associated storage facilities to mitigate any storage deficiencies 
within the City's overall system that might exist at the time, storage volume expansion could be 
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pursued by replacing one or more existing, smaller reservoirs within the upper-elevation pressure 
zones with larger ones. This would also be an opportunity to replace a future aging and 
deteriorating storage reservoir with a larger, new reservoir. 

4.7 Planned Pumping and Storage Improvements 
The planned distribution system improvements presented in this section are based on the 
evaluations presented in Sections 3.2, 3.3, and 3.4 and the resulting deficiencies summarized in 
Section 3.6. Where applicable and practical, the deficiencies summarized in Section 3.6 will be 
addressed in coordination with anticipated development presented in Section 3.5. The planned 
improvements presented herein include only one pumping improvement to be implemented within 
the 6-year planning horizon. The remainder of the improvements will be implemented at an 
unspecified time after the 6-year planning horizon. 

Discussion of these improvements is presented in Sections 3.7.1 and 3.7.2 and a summary of the 
improvements is presented in Section 3.7.3. 

4.7.1 Pumping Improvements 
The pump station deficiencies identified in Table 3-19 are planned to be addressed as described 
below: 

+ Short Street Pump Station: This projected 20-year deficiency will be addressed with the 
addition of the King Mountain Reservoir, which will add storage to the existing closed 350 
Cordata Pressure Zone. The new King Mountain Reservoir will have an overflow elevation of 370 
feet elevation to extend the reach of the existing 350 Cordata Pressure Zone. The existing Short 
Street Pump Station will not need to simultaneously provide fire flow and PHO and therefore 
will no longer have a capacity deficiency. 

+ James Street Pump Station: This projected 20-year deficiency will be addressed in the long-term 
future by the replacement of the existing pumps with pumps of higher capacity. In the event 
that development high on the west side of King Mountain results in a new King Mountain Pump 
Station (refer to Section 3.5.1 and below in this section) and a new closed pressure zone, the 
existing 530 King Mountain Pressure Zone would be incorporated into the new 630 King 
Mountain Pressure Zone and the existing James Street Pump station would be removed from 
service. 

+ Balsam Lane Pump Station: This deficiency is planned to be addressed by replacement of the 
existing pumps with pumps of higher capacity. An additional pump will not be necessary, but 
improvements to electrical switchgear and connecting piping will be necessary. This 
improvement is planned to be implemented beyond the 6-year planning horizon when the 
existing pumps have reached their useful service life. 

+ Governor Road Pump Station: This projected 20-year deficiency will be addressed with the new 
storage and pumping facilities associated with the anticipated new development in the Samish 
Hill area. With the implementation of this new development, the Governor Road Pump Station 
will be replaced by a new, higher-capacity pump station at the 40th Street Reservoir site - the 
40th Street Pump Station. 

+ Reveille Pump Station: Similar to the projected 20-year deficiency at the Governor Road Pump 
Station, the current deficiency at the Reveille Pump Station will be addressed with the new 
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storage and pumping facilities associated with the anticipated new development in the Samish 
Hill area. With the implementation of this new development, the Reveille Pump Station will be 
replaced by a new, higher-capacity pump station at the 40th Street Reservoir site - the 40th 
Street Pump Station. 

In addition to the pumping improvements described above that address deficiencies with existing 
pump stations. The City has identified a potential improvement, the Kearney Road Pump Station, 
that it will consider implementing in the future if deemed necessary to reduce excess water age at 
the Kearney Road Reservoir, as described in Section 3.4. This potential pump station is included for 
implementation within the 20-year planning horizon, but is not budgeted within the 6-year planning 
horizon. 

Three additional pump stations will be necessary to support long-term future growth in the two 
development areas described in Section 3.5. The timing for each of these future pump stations 
depends on the timing and pace growth and development, but each are anticipated beyond the 6-
year planning horizon. These three pump stations are described below: 

+ 40th Street Pump Station: This pump station will be necessary to lift water to the future Samish 
Hill Reservoir, which is described in Section 3.5.2 above and in Section 3.7.2 below. It will be 
situated at the existing 40th Street Reservoir Site and lift water from the 696 Padden Yew 
Pressure Zone. It would have a capacity of approximately 1,500 gpm and be equipped with three 
equal-sized (500 gpm) pumps. A transmission pipeline from this pump station to the new Samish 
Hill Reservoir would also be included as part of this project. 

+ 980 Pump Station: As described in Section 3.5.2, this pump station would supply development 
at the highest elevations in the Samish Hill area - elevations too high to be served from the 
future 870 Samish Hill Pressure Zone. It would be situated at the future Samish Hill Reservoir 
site and be supplied from that reservoir. New distribution system piping would convey water 
from this pump station to new service connections. 

+ King Mountain Pump Station: As described in Section 3.5.1, this pump station would supply 
development at the highest elevations on King Mountain and would be situated at the Kearney 
Reservoir Site. It could be developed as an expansion of the planned Kearney Road Pump 
Station, housed within the same building, or it could be developed as a stand-alone pump 
station elsewhere on or near the same site, or adjacent to the existing James Street Pump 
Station. The King Mountain Pump Station will be a more complex pump station than the 
Kearney Road Pump Station, and it is not anticipated to be needed until beyond the 6-year 
planning horizon. This new pump would include a new transmission pipeline extending from the 
pump station discharge to the new King Mountain distribution system. 

4.7.2 Storage Improvements 
The storage deficiencies identified in Table 3-19 for the 20-year planning horizon are planned to be 
addressed as part of the anticipated development on King Mountain and in the Samish Hill area. No 
storage deficiencies were identified within the 6-year and 10-year planning horizon. Therefore, no 
specific reservoir improvements are identified for this timeframe. The two reservoirs associated 
with the King Mountain development area and the Samish Hill development area, include: the King 
Mountain Reservoir and Samish Hill Reservoir, respectively. These two reservoirs are anticipated to 
meet the projected 20-year deficiencies presented in Tables 3-19 for the water system as a whole, 
as well as for the identified per-zone deficiencies. The King Mountain Reservoir will be supplied 
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from the existing Short Street Pump Station, with some minor improvements, and the project will 
require some distribution system capacity improvements to enable effective filling from the Short 
Street Pump Station. The timing of these two reservoirs is based primarily on the timing of 
development, but is generally anticipated beyond the 6-year planning horizon. 

4.7.3 Summary of Pumping and Storage Improvements 
A summary of planned pumping and storage improvements is presented in Table 3-20. 
Improvements (additions) that impact the City's distribution system hydraulic profile are reflected in 
Figure 3-6 at the of this WSP Update. The decommissioning of pumping and storage facilities 
described above are also reflected in the hydraulic profile. 

TABLE 3-20 

Summary of Planned Pumping and Storage Improvements 

Improvement 

Pumping 

Kearney Road Pump Station 

Balsam Lane Pump Station Capacity Expansion 

40'h Street Pump Station 

980 Pump Station 

King Mountain Pump Station 

Storage 

Samish Hill Reservoir 

King Mountain Reservoir 
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PS-1 

PS-2 

PS-3 

PS-4 

PS-5 

ST-1 

ST-2 
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5. Treatment Analysis 
In late July and August of 2009 the filters at the City's WTP began clogging much earlier in filter runs 
than typical. Filter runs became substantially shorter than normal, requiring more frequent filter 
backwashing. The result of shorter filter runs and increased filter backwashing was greatly reduced 
WTP capacity- to the point the City implemented mandatory water restrictions, for the first time, to 
reduce customer demand. It should be noted that voluntary water restrictions are implemented 
each summer as a means of encouraging conservation during this time of typically-high customer 
water demand. The water restrictions were successful in reducing customer demand to match WTP 
capacity. Toward the end of August and into September, filter runs gradually began to return to 
normal and customer demand dropped, as it customarily does at that time of the year. 

Filter clogging was attributed to algae in Lake Whatcom. Monitoring revealed higher than typical 
counts of most algae species. Although the reasons for the intense algae bloom of the summer of 
2009 is the subject of varied specu lation, historical and on-going algae monitoring shows that 
summertime algae blooms in Lake Whatcom have been increasing over the past decade. It is 
speculated that despite efforts to reverse this trend, summertime algae blooms in Lake Whatcom 
will continue to increase in intensity and duration over the near-term future. Increased Lake 
Whatcom algae could again result in summertime algae blooms that prevent the WTP from treating 
sufficient supply to meet customer demand in the future. 

In response to the 2009 algae event, the City completed a study that is presented in a report 
entitled "Filter-Clogging Algae Mitigation Evaluation," dated June 2012 - hereinafter referred to as 
the Algae Mitigation Report. The Algae Mitigation Report included a recommendation for the City to 
implement Dissolved Air Flotation (DAF) to mitigate adverse algae conditions. 

The purpose of this section is two-fold: 

+ Dissolved Air Flotation: Formally incorporate DAF into the City's water system planning strategy 
and reference the alternative evaluation and pilot testing work supporting the planned 
implementation of DAF. 

+ Filtration Capacity: Address the need for additional filtration capacity at the WTP in light of 
recent water use trends as well as the City's plan to implement DAF. 

These two topics are addressed in the following subsections. 

5.1 Dissolved Air Flotation 
As presented in the Algae Mitigation Report, severa l alternatives to mitigate the adverse impacts of 
Lake Whatcom algae on WTP capacity were evaluated. The alternatives evaluated were grouped 
into three main categories, treatment, intake, and lake management, and are presented in 
Table 4-1. In add ition to the alternatives in Table 4-1, the "No Action" alternative was included in a 
Triple Bottom Line Plus evaluation phase to establish a lowest-cost baseline for comparison. 

Each of the treatment alternatives evaluated are commonly used in the municipal water treatment 
industry and are commonly-considered alternatives for algae removal. Each would be implemented 
somewhere at the existing WTP site. Each of the intake alternatives includes withdrawing water 
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TABLE 4-1 
Summary of Alternatives Evaluated 

Treatment 

Dissolved Air Flotation 

Ballasted Sedimentation 

Plate and Tube Settling 

Upflow Clarification 

Conventional Sedimentation 

Micro-Screening 

Ozonation 

Additiona l Filters 

Intake 

Secondary Intake via In-Water Pipeline 

Secondary Intake via Over-Land Pipeline 

New Dual-Intake System 

Lake Management 

Lake Management 

from Lake Whatcom at a location different from the existing intake location that has a substantially 
lower concentration of algae. Each of the intake alternatives includes the capability to withdraw 
water at more than one depth. The Lake Management alternative is essentially the ongoing Lake 
Whatcom Management Program, which comprises the City's, Whatcom County's, and Lake 
Whatcom Water and Sewer District's ongoing and long-term efforts to improve Lake Whatcom 
water quality. Lake management will continue to be implemented regardless of the results of the 
evaluation. It was included as part of the mitigation evaluation to assess whether it could be 
successful as a stand-alone approach instead of a complementary approach to a treatment or intake 
approach. 

As presented in the Algae Mitigation Report, OAF was determined to be the technically superior 
treatment approach with respect to mitigating the algae problem, as well as being one of the lower 
cost treatment alternatives. DAF was also determined to be technically superior and far less costly 
than any of the intake alternatives. Lake Management was determined to be inadequate as a stand
alone mitigation approach because of the many years that will pass before improved water quality 
with respect to algae will be observed. 

In recognition that OAF was the best approach for mitigating the adverse impacts of Lake Whatcom 
algae, DAF was pilot tested during the late summer of 2011. Pilot testing showed DAF to be effective 
at mitigating the algae impacts - restoring filtration capacity to levels when algae concentrations in 
Lake Whatcom are negligible. The results of the pilot testing are included under separate cover, 
entitled: "Whatcom Falls Water Treatment Plant Dissolved Air Flotation Pilot Testing," dated March 
2012. This same pilot testing report is also appended to the Algae Mitigation Report. 

The City intends to pursue the design and construction of a new DAF facility in a phased approach. 
The phased approach will be based on an initia l two-train DAF facility with easy expansion for a 
future third train, which would likely not be needed for many years into the future. Each of the 
trains would have a nominal capacity of 10 mgd. The timing for the third train would depend on the 
intensity of algae blooms in the future in combination with growth in water use. The phased 
implementation of DAF minimizes the initial capital cost of a DAF facility and eliminates the 
potential for constructing more DAF capacity than is necessary. 

This phased OAF-implementation approach complements the City's on-going commitment to lake 
management, water quality improvement in Lake Whatcom, and TMDL compliance via the Lake 
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Whatcom Management Program. Over the long-term future, as phosphorous-reducing lake 
management measures demonstrate success at improving water quality and reducing algae blooms, 
the need for further expansion of the initial phase of DAF implementation could potentially be 
avoided entirely. 

In general, the schedule for OAF implementation includes preliminary and detailed design beginning 
in 2014 - including the DOH-required submittals for the Project Report and the Construction 
Documents. Construction and commissioning would begin in late 2015 and extend into 2017. 

In addition to the planned OAF improvement, the City will undertake two related projects that will 
be precipitated by OAF implementation. First, the existing gas chlorine system at the Plant does not 
include a chlorine neutralization system. Upgrading this condition or switching to an alternative 
disinfection system, such as bulk sodium hypochlorite or on-site generated hypochlorite will need to 
be addressed simultaneous to OAF implementation. The project will include evaluation of 
alternative disinfection systems and design and construction of an upgrade of the existing system or 
a new system. Obtaining a building permit for the new OAF facility is anticipated to prompt the 
upgrade of the existing chlorine system. This project is referred to in the Improvement Program as 
"T-3: Disinfection Improvements." 

Second, the existing Screen House facility upstream of the Plant is an aging structure whose current 
primary function is screening to keep fish and large debris out of the Plant. Its traveling screens are 
70 years old and are in relatively good condition, but the City intends to pro-actively move this 
screening function to the Plant- just upstream of the DAF process. Other component elements of 
the Screen House facility are showing signs of deterioration. Once the screening function has been 
relocated to the future OAF facility at the Plant, the City plans to bypass the Screen house facility. 
The bypass improvements will include new buried pipelines and valves that will connect to the 
existing pipelines leading to the Plant and to the industrial (untreated) supply system. This project is 
referred to in the Improvement Program as "T-4: Screening Relocation Improvements." 

An additional benefit of the OAF facility is added chlorine disinfection contact credit. Currently, the 
City is required to provide "1-log" of chlorine disinfection for giardia inactivation, which is the 
requirement for filtration facilities without pre-filtration clarification processes. This disinfection 
contact is provided in the Whatcom Falls II Reservoir. The City reserves the bottom 5 million gallons 
of the reservoir to ensure sufficient chlorine contact volume. With the addition of OAF, the City will 
be eligible to receive from DOH an addition 0.5-log credit for giardia inactivation, which will reduce 
the volume it needs to reserve in Whatcom Falls II Reservoir to 2.5 million gallons. This reduction in 
storage volume allocated to chlorine contact helps to defer the need for additional distribution 
system storage. This reduction is acknowledged in the footnote of Table 3-13 and is accounted 
throughout the storage evaluation presented in Section 3.3. 

5.2 Filtration Capacity 
A description of the City's Whatcom Falls Water Treatment Plant is presented in Section 3.3.2 of the 
2009 Water System Plan. When the WTP is not being adversely impacted by algae, it has a capacity 
of 24 mgd with one of its six filters out of service for backwashing. 

The 2009 Water System Plan identified the need for additional filtration capacity based on the 
projected intersection of estimated water use and the 24-mgd capacity of the WTP. That project 
intersection was 2014. As stated above in Section 2.2 of this WSP Update, the updated estimated 
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future water use is much less than what was estimated in the 2009 Water System Plan. The 20-year 
estimate of WTP production is 20.8 mgd, which is less than the 24-mgd capacity of the WTP with 
one filter out of service for backwashing. Therefore, discounting the impact of algae on the WTP 
capacity, there is no need to add new filters at the WTP. 

However, summertime algae blooms do adversely impact filtration capacity at the WTP. The 
magnitude of reduced capacity depends on the severity and intensity of the algae bloom, which is 
different each summer. Only in the summer of 2009 has algae reduced WTP capacity to a point 
below total customer demand. Therefore, the only data point reflecting the extent to which WTP 
capacity was reduced by algae is from the summer of 2009. 

During the summer of 2009, mandatory water restrictions, were implemented when the WTP could 
not meet customer demand, which was approximately 17 mgd at the time t he mandatory water 
restrictions were implemented. One day after mandatory water restrictions were implemented, 
customer demand dropped to approximately 10 mgd. Operations staff adjusted the filter loading 
rate to as high as 4.82 gallons per minute per square foot (gpm/sf) to maximize plant capacity to 
meet the reduced demand. It was not possible to increase the filter loading rate beyond this point 
because of the excessive filter backwash frequency. Filter run times had reduced to 3.5 hours during 
this time from a typical summer run time of 15 hours. The result was a WTP capacity of 
approximately 10 mgd under the algae conditions observed in early August of 2009. 

It should be noted that the impact of algae on the capacity of the WTP is extremely variable
depending heavily on actual algae biomass as well as algae species configuration. The WTP capacity 
of 10 mgd in 2009 represents an apparent historical "maximum-impact" administered by Lake 
Whatcom algae. The impact of Lake Whatcom algae on WTP capacity has been less severe in 2010, 
2011, and 2012 than in 2009, even though there was substantial reduction in WTP capacity during 
these past three years. The WTP production capacity was adequate during t hese years because peak 
summertime customer demand was relatively low in comparison to previous years. 

The addition of OAF is necessary to mitigate the adverse impacts of summertime algae blooms will 
be completely mitigated and enable the filtration capacity at the WTP to be 24-mgd based on a 
maximum filter loading rate of 6 gallons per minute per square foot (gpm/sf). Consequently, given 
the City's plan for implementing OAF over the next few years, there is no need for additional 
filtration capacity at the WTP within the 6-year and 20-year planning horizons. 
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6. Improvement Program 
The Improvement Program presented herein replaces what was developed for the 2009 Water 
System Plan. The Improvement Program from the 2009 Water System Plan is presented in Appendix 
A with comments regarding the status of each of the listed projects. Note that most of the projects 
presented in Appendix A were not undertaken because anticipated development did not occur and 
because actual water use and estimated future water use are lower than cited in the 2009 Water 
System Plan. 

Each improvement project is designated with an improvement project number related to the type of 
improvement to facilitate, as applicable, referencing between the narrative discussion presented in 
Sections 3 and 4, Table 3-20, Table 5-1, and Figure 5-1 (at the end of this WSP Update). The 
treatment, storage, pumping, and pipeline projects are each presented in Sections 3 and 4 of this 
WSP Update. The metering project is presented in Section 4 of the 2009 Water System Plan. The 
planning, watershed, hydropower, and supply projects are described in the following paragraph. 
The letter designations relating to improvement type for each of the improvement numbers are 
listed below: 

• Treatment (T) 

• Storage (ST) 

• Pumping (PS) 

• Pipeline (PL) 

• Metering (M) 

• Planning (PN) 

• Watershed (WS) 

• Hydropower (HP) 

• Supply (S) 

Planning (PN). The planning project, PL-1, is the next water system plan update the City intends to 
execute. It is understood that actual timing for this project may vary, but in no case will it extend 
beyond the timeframe required by WADOH. 

Watershed (WS) . Property Acquisitions in Lake Washington (WS-1) is part of the City's on-going 
program to reduce phosphorous loading to Lake Whatcom. Water Quality Projects in Lake 
Whatcom Watershed (WS-2) are those improvement projects also intended to reduce runoff and 
phosphorous loading to Lake Whatcom. 

Hydropower (HP}. The GP Hydro power Project (HP-1) is intended to generate hydro power from the 
pipeline that formerly conveyed water to the Georgia Pacific Mill. 

Supply (S}. The Nooksack River Dam and Pipeline Improvements (S-1) will be implemented to make 
improvements to the fish screens at the Nooksack River diversion dam and to make improvements 
that are anticipated to be necessary on the existing Nooksack River transmission pipeline between 
the Nooksack River diversion and Lake Whatcom. The scope of improvements to the diversion dam 
and pipeline will be determined during the planned initial evaluation. 
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The schedule for implementation of the Improvement Program is presented in Table 5-1. Estimated 
project costs presented in Table 5-1 are planning-level Class V estimates as defined by the 
Association for the Advancement of Cost Engineering International (AACEI). 

The estimated costs were prepared for guidance in utility budgeting and securing adequate funding 
based on information available at the time of the estimate. The final cost of the project will depend 
upon the actual labor and material costs, competitive market conditions, implementation schedule, 
and other variable factors. As a result, final project costs will vary from the estimates presented 

herein. 
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TABLE 5-1 

Improvement Program 

ID Total Project 

Project Number Cost 2013 2014 2015 2016 2017 

Kearney Road Pump Station PS-1 

Balsam Lane Pump Station PS-2 

Capacity Expansion 

401
h Street Pump Station PS-3 

Future 980 Pum p Station PS-4 

King Mountain Pump St ation PS-5 

Samish Hill Reservoir ST-1 

King Mountain Reservoir ST-2 

Dissolved Air Flotation T-1 $11,000,000 $500,000 $1,000,000 $6,000,000 $3,500,01 

Marietta Re-Chlorination T-2 

Station 

Disinfection Improvements T-3 $1,000,000 $100,000 $200,000 $700,000 

Screening Relocation T-4 $2,000,000 $250,000 $250,000 $1,500,000 

Improvements 

Water System Plan Update PN-1 $100,000 

Metering Program M-6 $9,500,000 $1,000,000 $2,500,000 $2,500,000 $2,500,000 $1,000,01 

Annual Water Main PL-1 $12,000,000 $2,000,000 $2,000,000 $2,000,000 $2,000,000 $2,000,01 

Replacement Program 

Property Acquisitions in Lake WS-1 $25,950,000 $950,000 $5,000,000 $5,000,000 $5,000,000 $5,000,01 
Whatcom Watershed 

Water Quality Projects in Lake WS-2 $5,770,000 $570,000 $600,000 $700,000 $1,000,000 $1,400,01 

Whatcom Watershed 

GP Hydro Project HP-1 $400,000
2 

$400,000 

Nooksack River Dam and S-1 $10,2000 $200,000 

Pipeline Improvements 

Total $34,600,000 $2,000,000 $5,050,000 $4,750,000 $12,700,000 $6,500,01 

1 Each of the projects designated with an "X" in the timeframe beyond the 6-year planning horizon were not incorporated into the financial program for the 1 

costs were not developed for these improvements. 
2 The total project for the GP Hydro Project is preliminarily estimated to be approximately $3,000,000. The amount beyond the initial evaluation is not show1 
the project will not be completed until beyond the 6-year planning horizon. 

7. Financial Program 
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The City recently completed a rate study for its water and sewer utilities, entitled "2012 Water and 
Sewer Rate Update." A copy of the executive summary of the rate study is included as Appendix B. 
The study presented a 6-year financial plan from 2013 through 2018. Key findings and 
recommendations resulting from the study include rate increases of 9.0% in 2013, 8.0% per year 
from 2014 through 2016, 6.0% for 2017 and 2018. Key factors prompting the need for these 
increases include: 

• O&M: Operating costs are expected to increase by 2%- 5% per year, with a higher near-term 
impact due to costs associated with the metering program. When the metering program has 
been completed (by 2017), these incremental costs are expected to go away. 

• Debt: The proposed 2013 - 2018 water utility capita l funding strategy contemplates a total of 
$35.5 million in revenue bond proceeds (net of issuance costs and reserve requirements) to 
fund the projected capital costs. An $11.6-million bond issue in 2015 is expected to increase the 
water utility's annual debt burden by about $983,000 per year beginning in 2016; a 2018 bond 
issue of $23.9 million would increase annual debt service by an additional $2.1 million (for a 
total of $3.l million per year by the end of the study period). In addition, with the planned 
transfer of $5 million of existing bond proceeds from the sewer utility to the water utility, the 
water utility is assumed to fund a proportionate share of debt service on the 2011 Revenue 
Bond. In the near-term, this amounts to about $270,000 per year. 

• Capital: Consistent with prior recommendations, the forecast incorporates a policy to fund 
system reinvestment through water rates. The prior water rate study completed in 2007 
established an annual funding level based on annual depreciation expense, net of debt principal. 
However, given the projected increases in debt service discussed above, this analysis reflects a 
revised benchmark (50% of annual depreciation expense) to stabilize the annual funding level. 
By the end of the study period, the annual transfers for system reinvestment are projected to 
increase to about $1.4 million. This is in addition to cash funding provided through system 
development charges. 

• Reserve Funding: Consistent with the prior study, this analysis reflects a policy assumption that 
the water utility maintains an operating (or "working capital") reserve with a balance sufficient 
to cover 60 days of projected operating expenses. Because the City has currently been 
maintaining an operating reserve balance of 5% (about 18 days) of budgeted expenses, this 
analysis phases in the higher reserve target over several years. In addition, this analysis 
introduces a separate "rate stabilization reserve" intended to provide additional security against 
revenue risk associated with volumetric revenues, preserving the City's ability to meet its debt 
obligations even in low sales years. The target balance for this reserve is 50% of annual debt 
service for debt issued on or after January 1, 2011. Debt issued prior to 2011 is not included in 
this calculation because the covenants for that debt do not allow use of a rate stabilization 
reserve to meet bond coverage requirements. 

• Expansion of Reduced-Rate Program: This study included the evaluation of the incremental 
impact of expanding the City's reduced-rate program based on the low-income threshold 
established by Whatcom County ($35,000 per year). Based on staff recommendations, the 
adopted rates assume that this program is expanded. 

The rate study included accounting for capital investment that matches the quantity presented in 
the Improvement Program in Table 5-1. Because the rate study was completed just prior to 
completion of this WSP Update, it also includes some planned improvements from the 2009 WSP 
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Update that are no longer anticipated within the 6-year planning horizon. As a result, the rate 
increases planned for implementation by t he City are anticipated to be more than adequate to cover 
utility expenses, including planned capital improvements. 
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