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SECTION 1 

EXISTING FACILITIES EVALUATION & ASSESSMENT 

 

1.1 EXISTING WATER SYSTEM 

The Sugarloaf water system is owned and operated by Sugarloaf Water Association (SWA).  The 

system serves private homes, a hotel, condominiums, restaurants, and other resort facilities on 

the mountain.  In general, the water system is separated into the East Mountain and West 

Mountain service areas that provide service across multiple pressure zones.  Finished water 

storage on the mountain is provided two 350,000 gallon concrete water storage tanks located on 

the east and west sides of the mountain.   

 

The raw water supply for the system consists of a combination of groundwater and surface water 

sources.  The system relies predominately on the groundwater sources during the off peak (non-

ski season) and supplements the groundwater sources with treated water supplied by the 

Carrabassett River during the ski season to meet higher water demands.  The SWA service area 

and system infrastructure is shown on the water system map presented in Appendix A of this 

report.   

 

1.1.1 Pressure Zones 

The water system contains seven pressure zones and seven pressure reducing stations (PRVs) 

that provide service to the west and east sides of the mountain.  The West Reservoir has a 

maximum hydraulic grade line elevation of El. 2,390 ft. and the western service area is separated 

into three pressure zones.  The West Reservoir also feeds the east mountain service area through 

the Timbers and Hardwood PRV stations.  The approximate inlet and reduced hydraulic grade 

lines and operating pressures of the West Mountain and Timbers service area PRVs is 

summarized in Table 1-1.  

 

 



 

12801A 1 - 2 Wright-Pierce 

TABLE 1-1 
WEST MOUNTAIN & TIMBERS SERVICE AREA PRV STATIONS 

 

PRV Station Grade Elev. (ft) Inlet Pressure 
(psi)/HGL (ft) 

Reduced Pressure 
(psi)/HGL (ft) 

Sandy River El. 2,145 105 / El. 2,385 50 / El. 2,260 
Riverside El. 1,935 150 / El. 2,280 45 / El. 2,040 
Horsebarn El. 1,695 150 / El. 2,040 20 / El. 1,740 
Timbers El. 1,970 170 / El. 2,360 110 / El. 2,220 

Hardwood El. 1,890 150 / El. 2,235 60 / El. 2,030 
 

The East Reservoir has a maximum hydraulic grade line elevation of El. 2,115 ft. and the east 

mountain service area is separated into four pressure zones including the Timbers service area.  

The approximate inlet and reduced hydraulic grade lines and operating pressures of the East 

Mountain service area PRVs is summarized in Table 1-2.  The hydraulic grade line elevation 

feeding the low zone from the West (Horsebarn) and East (Bigelow) service area PRV stations is 

approximately elevation El. 1,740 ft.   

 

TABLE 1-2 
EAST MOUNTAIN SERVICE AREA PRV STATIONS 

 

PRV Station Grade Elev. (ft) Inlet Pressure 
(psi)/HGL (ft) 

Reduced Pressure 
(psi)/HGL (ft) 

Mountain Side El. 1,915 80 / El. 2,100 40 / El. 2,000 
Bigelow El. 1,670 150 / El. 2,015 30 / El. 1,740 

 

1.1.2 Water Mains 

The original part of the water system dates back to 1955 when the Sugarloaf Mountain 

Corporation’s water department operated and maintained two drilled wells to provide potable 

water to the ski operations and services in the Base Lodge area.  The distribution system consists 

of approximately 23 miles of water mains, which are summarized by length, diameter, and 

material in Table 1-3. 
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TABLE 1-3 
EXISTING WATER MAIN INVENTORY 

 

Function Material Diameter (inch) Length (miles) 

Distribution Main Ductile Iron 4 – 10 13.6 

Distribution Main HDPE 2 - 8 3.4  

Service (Potable 
and Fire 

Protection) 

Ductile Iron and 
HDPE ¾ - 6 5.4 

Transmission 
Main Steel 14 1.5 

 

 The distribution system contains approximately 744 potable water and fire service lines that 

range in diameter from ¾” to 6” and 82 fire hydrants.  The distribution system is predominately 

composed of cement lined ductile iron and HDPE pipe that is in good condition with a history of 

very few break repairs.  There are some sections of unlined cast iron mains that date back to the 

mid 1950’s.   

 

1.1.2.1 Recommendations 

The condition of the water mains must be monitored periodically to identify when upgrades are 

required and to plan for the rehabilitation.  Fire flow tests provide a general picture of localized 

flow capabilities,  but do not indicate the condition of specific water mains.   Corrosion and the 

deposition of sediment and precipitates on the interior of unlined cast iron mains is the major 

cause of reduced hydraulic carrying capacity.  Pipe corrosion, precipitation, and sedimentation 

create deposits called tubercles, which can contribute to the growth of bacteria.  As a result, pipe 

flow is influenced in two basic ways.  Under certain conditions, tuberculation can build up in 

thickness to a point where the cross-sectional area and carrying capacity of a pipe are seriously 

diminished.  However, even without a significant "buildup", corrosion and tuberculation greatly 

increase the roughness of the pipe's interior wall; the result is increased friction or resistance to 

flow, and the available flow and/or pressure is significantly reduced. 
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In general, the velocity of water steadily decreases as it leaves the source of supply and 

approaches the consumer.  This decreasing velocity permits the formation of precipitates and 

allows  them  to  settle  out  inside  the  pipe.   To  remove  most  of  these  deposits,  a  high  velocity  

flushing (Unidirectional Flushing) program is recommended.  The objective of a unidirectional 

flushing program is simply to create a high velocity in the pipeline to re-suspend the deposits and 

to  scour  the  interior  surface  of  the  pipe.   The  water  is  then  flushed  out  of  a  hydrant.   The  

optimum times of year for flushing are in the spring and in the fall.   

 

We recommend that the SWA maintain its semi-annual high velocity flushing program to 

improve distribution water quality and reduce water age in the distribution system.  Flushing 

should  be  done  from  the  supply  and  storage  facilities  out  towards  the  extremities.   In  some  

locations,  it  may  be  necessary  to  isolate  some  of  the  system  which  is  well  looped  in  the  

distribution network.   

 

The accumulation of precipitates not only results in reduced flow capacity but also increases 

normal pumping costs and/or reduces normal system pressure.  A flushing program will also 

reduce color and taste complaints from the customers, improve water quality, and decrease the 

age of the water in the distribution system.  

 

1.1.2.2 Criticality and Looping 

The distribution system is generally well looped throughout the mountain.  Looping water mains 

improves reliability of the system in the event of a water main break, improves fire flow 

capacity, and improves water quality.  The distribution system has several short dead end mains 

that should be flushed periodically during the non-ski season months of the year when water 

demands are low.  It is recommended that the SWA consider looping of water mains as part of 

long term capital planning and development on the mountain.  The operations staff should 

prioritize areas of the system where looping would be most beneficial based on water quality 

monitoring  and  to  improve  system reliability  in  the  most  critical  areas  of  the  system.   Several  

potential looping projects recommended by Wright-Pierce are shown in Appendix B.   
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Appendix B also includes critical water mains that are single points of failure that could disrupt 

water service and reduce fire protection volume for an extended period of time in the event of 

water main failure.  On the west side, the most critical mains (no redundancy) includes the mains 

from the West Reservoir to the Sandy River PRV, the water main feeding the Timbers, and the 

two water main sections between Sandy River and Riverside PRV stations shown in Appendix 

B.  On the east side, the most critical water mains include the section between the East Reservoir 

and the Laboratory Building and a section on Old Inn Road extending from Mountain Side Road.  

Some of the looping projects shown in Appendix B would provide redundancy for critical pipe 

sections and improve water quality.  Looping projects that provides redundancy for critical pipe 

sections and improve system water quality should be given highest priority when planning water 

main improvements.   

 

1.1.2.3 Valve Maintenance 

Since operation of valves within a distribution system is usually required only in emergencies 

(water main breaks), valves are often installed and then forgotten until such an emergency arises.  

Like other mechanical devices, valve operability is adversely affected by neglect.  As a result of 

this neglect, valves can be found to be inoperable at the worst possible time.   

 

Most of the valves within the distribution system are of the sliding disk type (gate valves).  This 

type of valve, which permits an unobstructed flow when fully opened, is hydraulically very 

efficient.   However,  when  gate  valves  are  left  in  the  open  position,  deposits  may  settle  and  

accumulate on the valve seats and prevent tight closure.  

 

To prevent these problems, the SWA should continue their exercising and maintenance program.  

The Insurance Services Office (ISO) recommends that valves be inspected and operated 

annually.  We recommend that the transmission main valves, those valves located on the larger 

diameter pipes between the supplies and storage, be inspected semi-annually, once in the spring 

and again in the fall.  The fall operation will discover any problems before the onset of winter.  

In the spring, inspect these valves by making sure a valve wrench can be put on the operating 
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nut.  This inspection will uncover any problems that have been caused by the previous winter 

and spring rains.  In addition to this, the remainder of the distribution system should be sectioned 

off into three separate areas such that these valves will be operated at least once every three 

years. 

 

A computer controlled hydraulic valve operator is an excellent resource to use for an exercise 

and maintenance program, but most small water system such as Sugarloaf cannot afford this 

expensive maintenance equipment.  The valve operator has data logging and storage capabilities 

to manage data attributes such as torque, opening direction, and identification label.  The capital 

budget should include repair or replacement of a fixed number of valves each year based on 

condition or operational problems. 

 

The following steps should be included in the asset management system for a formal valve 

inspection program: 

 

1. The data file for each valve should contain at least the following information: 

 Valve size 

 Opening direction 

 Manufacturer of valve 

 Number of turns to open 

 Date of installation 

 Both general and specific descriptions of valve location including valve ties 

 Date of last maintenance - parts replaced and condition of valve 

 

2. Prepare a master sheet which would be used to summarize the work performed and man 

hours involved. 

 

3. The actual valve maintenance program should use a checklist to determine: 

 Condition of gate box 

 Obstructions in gate box that might prevent gate wrench from seating on valve 

operating nut 
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 Operability of valve 

 Number of turns to close and open the valve 

 Any leaks detected 

 Date(s) valve was exercised 

 

The SWA should continue their routine valve exercising program to identify valves which have 

been  left  in  a  closed  or  partially  closed  position.   A  closed  or  partially  closed  valve  can  

drastically reduce the system's hydraulics.  The most important part of the maintenance program 

is to evaluate the inspection reports and to implement the necessary repairs.   

 

1.1.2.4 Hydrant Maintenance 

The necessity of hydrant maintenance is essential for reliable fire protection.  The Insurance 

Service Organization (ISO) recommends that fire hydrants be inspected twice a year.  The best 

time for these inspections is in the spring and in the fall.  The fall inspection enables detection of 

problems before the freezing temperatures arrive.  The spring inspection uncovers any problems 

which  may have  been  caused  by  the  previous  winter  (e.g.,  frost  heaves).   In  addition  to  semi-

annual inspections, hydrants should be pumped dry immediately after use and checked for: 

 

 Loose or missing caps 

 Missing gaskets 

 Damaged operating nuts or nozzle threads 

 Corroded breakaway bolts at ground level 

 

The SWA should continue its hydrant maintenance program to test and inspect hydrants on a 

routine basis.   

 

1.1.3 Storage Tanks 

Storage of water within the distribution system is typically used to provide for peak hourly 

demands, firefighting needs, and emergencies. With adequate storage, transmission and 
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treatment works need to be sized for no more than the maximum daily flows.  Storage volume is 

replenished daily during periods of low demand.   
 

As previously mentioned, the distribution system is operated with seven pressure zones and two 

storage tanks.  The tank size, base elevations, and construction material are summarized in Table 

1-4.   

TABLE 1-4 
STORAGE FACILITIES 

 

Storage 
Facility 

Year 
Constructed 

Nominal 
Volume 

(Gallons) 

Base 
Elevation    
(ft. U.S.G.S) 

Overflow 
Elevation 

(ft) 

Dimensions 
(ft) (W x L) Style 

East 
Reservoir 1997 350,000 2,105 2,115 50 x 100 Cast In Place 

Dual Chamber 

West 
Reservoir 1997 350,000 2,380 2,390 50 x 100 Cast In Place 

Dual Chamber 
 

 

1.1.3.1 Conditional Assessment 

The tanks are below grade and an interior inspection was not completed as part of this capital 

improvement plan.  Wright-Pierce completed an exterior inspection of the tank overflow pipe 

and access hatches (bolted manhole cover and frames) for each tank chamber.  The access covers 

are located on a round concrete riser supported by the buried roof deck.  The exposed section 

concrete riser supporting the access frame and cover is covered with roofing membrane that 

covers the roof deck and terminates under the access cover frame.  The roofing membrane 

around the access covers of each reservoir are torn in multiple locations, which allows water to 

infiltrate under the roofing membrane.  The membrane is exposed to the elements and has likely 

failed due to deterioration of the materials or damage from maintenance equipment.   

 

SWA operations staff indicates that the reservoirs were cleaned several years ago.  The operators 

report that the East Reservoir had sediment build up on the bottom of the tank and the West 
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Reservoir floor had minimal sediment accumulation.  The overflow pipe and vents screens were 

inspected at each reservoir and are in good condition.     

 

1.1.3.2 Recommendations 

Wright-Pierce recommends that SWA complete following recommendations as part of its 

maintenance capital improvement plan for the reservoirs.  Cost estimates and prioritization for 

associated recommendations are presented in Section 4 of this report.    

 

1. Complete an interior inspection of the reservoirs to assess the condition of the interior 

concrete and to determine if there is visible indication of membrane roof failure inside 

the tank.  The inspection should be completed by a qualified engineer or tank 

maintenance/service contractor.  The roofing membranes are 17 years old and will likely 

need to be replaced during the 20-year planning period.   

2. The failed roofing membrane around the access covers, concrete risers, and frame/covers 

should be replaced.  It is recommended that square precast risers be installed with a 

minimum 30” x 30” aluminum roof scuttles.  Square access hatch risers will improve the 

roofing membrane installation and allow the membrane to cover with aluminum flashing 

to protect it above grade.  A new hinged roof scuttle will improve operator access and 

prevent water infiltration into the reservoirs.   

3. The overflow and vent screens should be inspected every 6 months.   

 

1.1.4 East Reservoir Building 

The East Reservoir site has a below grade concrete pit (~ 16 feet deep) that contains the tank 

chamber isolation valves, Wells #5 and #6 flow meter, associated piping, and tank level 

monitoring equipment.  The pit is covered by a wood framed building with painted vertical pine 

siding and provides an enclosure for pit access and storage of electrical equipment and 

instrumentation for tank level monitoring.  The building is supported on blocks between the base 

of the building and the soil cover over the pit.  The structure contains a concrete manhole riser 

that allows access to the pit from inside the building.     
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1.1.4.1 Conditional Assessment 

The building structure condition can be generally characterized as poor.  The building roof needs 

to be replaced, and the building needs to be painted.  The wood siding and trim near the ground 

is rotted around the perimeter of the building.  The plywood floor inside the building is also in 

poor condition.  The building is also not insulated.   

 

1.1.4.2 Recommendations 

Wright-Pierce recommends that SWA complete following recommendations as part of its 

maintenance capital improvement plan for the reservoirs.  Cost estimates and prioritization for 

associated recommendations are presented in Section 4 of this report.    

 

1. The building should be replaced and installed on a proper foundation above or adjacent 

to the concrete pipe gallery pit.   

2. Pit access for flow meter, level sensor, and valve maintenance requires confined space 

entry.   Elimination  of  confined  spaces  to  improve  safety  and  improve  efficiency  of  

maintenance activities is recommended, but will require a larger building to 

accommodate moving the piping and equipment above grade.  The cost of relocating the 

piping and valves above grade in a building will need to be balanced with other priority 

needs of the system. 

3. The water from Wells #1, #5, and #6 is pumped directly to the East Reservoir without 

disinfection.  The water supplied to the system from the East Reservoir is disinfected at 

the laboratory building prior to the first customer.  In 2013, the SWA received approval 

from the Maine Drinking Water Program to disinfect the East Reservoir with calcium 

hypochlorite tablets in “tea bags” in addition to disinfection at the Laboratory Building 

to maintain minimum chlorine residual of 0.2 mg/l to meet contact time and microbial 

inactivation credits for treated surface water.  Wright-Pierce recommends that the SWA 

consider moving the disinfection chemical feed system located in the Laboratory 

Building to the East Reservoir to prevent the need to disinfect in two locations and 

improve operational efficiency.  The existing liquid sodium hypochlorite feed system 

could be relocated to save cost of purchasing new equipment.  Alternatively, the SWA 
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could consider installation of an automated calcium hypochlorite tablet chlorination 

system.  Calcium hypochlorite tablet systems have a lower chemical hazard rating (more 

dilute concentration of hypochlorite).  Either option will require a larger building at the 

East Reservoir to replace the existing building.    

 

1.1.5 Raw Water Pump Station  

Sugarloaf operates a pump station near the golf course that is used to supply water to the snow 

making guns during the ski season and to supply water to the West Mountain Treatment Facility.  

The  pump  station  contains  six  vertical  turbine  pumps  that  are  used  to  pump  water  from  the  

Carrabassett River up the mountain through a 14 inch steel pipeline to supply snow making guns.  

Water is transmitted to the pump station wetwell through a 14” intake pipe located in a relatively 

shallow pool of water approximately 100 feet upstream of the pump station.   

  

SWA owns a single 200 hp 400 gpm vertical turbine pump that is located in the pump station and 

in the same wetwell as the snow making supply pumps.  SWA treats water from the pump station 

primarily during the ski season months when water demand exceeds the available groundwater 

supply capacity.  The snow making and SWA pumps are mounted to a steel plate that covers a 

grated section over the raw water wetwell.   

 

Water is transmitted from the pump station to the treatment facility in one of two ways.  During 

the  ski  season,  when  the  snow  making  pumps  are  pumping  water  to  the  summit  above  the  

treatment plant elevation, a side stream of water is diverted from the steel transmission main to 

supply the treatment plant.  The water diverted to the treatment plant is discharged through a 

PRV inside the treatment plant that lowers the pressure from approximately 1,100 psi to 

approximately 50 psi entering the filtration system.  The facility contains a control valve that 

modulates the amount of flow entering the treatment facility.   

 

The water operators can also transmit raw water to the treatment plant through Sugarloaf’s steel 

transmission main with the SWA’s vertical turbine pump when the snow making pumps are not 

running and the treatment facility is operated.   The pressure reducing valve at the treatment 
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plant reduces the pressure from 300 psi to approximately 50 psi when the SWA pump is used to 

supply the plant.   

 

1.1.5.1 Conditional Assessment 

The pump station building appears to be in good condition.  The SWA only owns and operates 

the 200 hp vertical turbine pump at the pump station.  The SWA pump appears to be in good 

physical conditions and there were no problems associated with pump operation reported by the 

water system operators.  The intake screen was not observed, but information provided by others 

suggests that the screen is in poor condition and in need of repair and/or replacement.  Wright-

Pierce observed oil leakage from multiple snow making pumps with oil accumulated on the steel 

pump mounting plates that covers the steel grating above the raw water wetwell.   

 
1.1.5.2 Recommendations 

Wright-Pierce recommends that SWA complete following recommendations as part of its 

maintenance capital improvement plan for the pump station.  Cost estimates and prioritization for 

associated recommendations are presented in Section 4 of this report.    

 

1. The snow making turbine pumps should be inspected and repaired to eliminate oil 

leakage.   

2. The pumps are mounted on steel base plates between the discharge head and steel 

grating.  The open grating provides a significant contamination risk for the raw potable 

water supply.  The open grating area should be covered and sealed with removable 

fiberglass or other corrosion resilient structural paneling.   

3. The nameplate on the SWA pump motor starter is labeled as 150 hp, but he pump motor 

is  200  hp.   The  SWA should  confirm that  the  motor  starter  is  adequately  sized  for  the  

pump motor.  The SWA should consider replacing the reduced voltage motor starter with 

a variable frequency drive to improve energy efficiency and allow operator flexibility to 

modulate flow rate of the pump.   

4. There is no pump redundancy for the SWA raw water pumping system other than the 

snow making supply pumps.  There is no available space in the existing raw water pump 
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station to add redundant treatment plant supply pump without removing a snow making 

water supply pump.  The water system is vulnerable in the event that the pump fails and 

there is no ability to supply water to the summit with the snow gun supply pump(s).  It is 

recommended that the SWA complete an annual preventative maintenance program on 

the raw water pump to reduce the likelihood of mechanical failures during the peak 

water demand months.   

 

1.1.6 Treatment Facility 

The treatment facility is located at the West Reservoir (West Mountain) and includes a skid 

mounted Kinetico Macrolite pressure filter system installed in 1997 that is used to filter water 

pumped from the Carrabassett River.  The filter plant has a maximum design capacity of 375 

gpm based on the original design with all three filters operating in parallel.  The capacity is 

currently approximately 300 gpm with modifications to the inlet PRV valve to improve 

operations at the facility.   The filter system is housed in a wood framed building constructed in 

1997, which also houses electrical distribution equipment and flow meters for Wells #7 and #8.  

The facility contains a sodium hypochlorite feed system that is used to disinfect water pumped 

from the wells and filtered water prior to being pumped into the West Reservoir.  The West 

Reservoir provides contact time disinfection (1.5 log Giardia inactivation credit) as required by 

the alternative filtration requirements under the Surface Water Treatment Rule.  The treatment 

facility also contains a standby generator to power the treatment facility including Wells #8.  

Well #7 is not currently on the standby power system.   

 

A summary of the filtered water turbidity and flow rate for year 2010 – 2013 is presented in 

Table 1-5.  The treatment facility is primarily operated during the months of December – March 

to meet peak ski season water demands on the mountain.  The filtered water turbidity trend over 

the last 4 years has been consistent and within treatment standards for alternative filtration 

technologies.  The average daily high turbidity over the course of the 4-year period was 0.125 

NTU with a daily maximum of 1.21 NTU that occurred in 2011.  The daily maximum turbidity 

limit for alternative filtration is 1.49 NTU.  The treatment facility performance reportedly 

degrades if the raw water turbidity exceeds 2 NTU.  The quality of the Carrabassett River can be 
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very “flashy” during rain storms and spring snow melt periods, which creates periods of high 

turbidity and color.  The quality of the Carrabassett is generally consistent during the winter 

months  as  evident  by  the  consistent  filter  performance  trend.   Visual  observations  of  the  

Carrabasset conducted by Wright-Pierce during two site visits indicated that the raw water has 

very noticeable color.  The water system operators do not record raw or treated water color scale 

values, but they report that color of the filtered water is prominent when the raw water color is 

higher than normal.   

 
TABLE 1-5 

TREATMENT PLANT  
FILTERED WATER TURBIDITY AND FLOW RATE 

 

Year 

Min. Daily 
High Filtered 

Turbidity 
(NTU) 

Avg. Daily 
High Filtered 

Turbidity 
(NTU) 

Max. Daily 
High Filtered 

Turbidity 
(NTU) 

Avg. Filtered 
Flow Rate 

(GPM) 

Max. 
Filtered Flow 
Rate (GPM) 

2010 0.04 0.06 0.46 164 338 
2011 0.05 0.18 1.21 160 315 
2012 0.05 0.14 1.01 147 321 
2013 0.05 0.12 0.43 197 427 

 

1.1.6.1 Conditional Assessment 

The treatment facility building and process equipment are in excellent condition.  The process 

equipment is well maintained and is no significant corrosion of painted filter skid, piping, or 

pumps in the facility.  The treatment process has generally performed well, but appears to be 

deficient at removal of dissolved organic carbon (DOC) as indicated by finished water color 

observations reported by operations staff.  Treatment capacity and turbidity removal performance 

degrades when the raw water turbidity exceeds 2 NTU’s, which generally occur infrequently 

during the winter months.  The system has maintained continued compliance with the Surface 

Water Treatment Rules, Stage 1 Disinfection Byproducts Rule and has maintained compliance 

with Stage 2 Disinfection Byproducts Rule, since the system began Stage 2 monitoring in 2013.    

 

The control system for the filtration system is 17 years old and will require upgrades within the 

next 3 years to maintain system reliability.  The treatment process uses a Series 90-30 CPU374 
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that runs proprietary software and programming that is no longer supported by the original 

equipment supplier.  The filtration process also includes a proprietary HMI screen that does have 

a direct replacement or upgrade option in the event of equipment failure.    

 

1.1.6.2 Recommendations 

Wright-Pierce recommends that SWA complete following recommendations as part of its 

maintenance capital improvement plan for the treatment facility. Cost estimates and prioritization 

for associated recommendations are presented in Section 4 of this report.    

 

1. The roof is approximately 15 years old, but the shingles appear to be in good condition.  

The SWA should monitor the condition of the roof and plan to replace the shingles 

within the next 10 years.   

2. Complete an annual preventative maintenance program on the filtered water booster 

pumps, treatment equipment, and control valves to reduce the likelihood of mechanical 

failures during the peak water demand months.   

3. The SWA could consider installing a roughing filter to pretreat the raw water supply to 

reduce raw water turbidity to improve treatment performance when raw water turbidity 

approaches or exceeds 2 NTU.   

4. The treatment facility control system should be upgraded to a non-proprietary based 

PLC/programming and a new HMI touch screen for local interface with the control 

system at the treatment facility.   

 

1.1.7 West Mountain PRV Stations 

The West Mountain PRV stations include Sandy River, Riverside, and Horsebarn.  The stations 

were designed with booster pumps and PRV’s to allow water to be pumped from the low zone 

(Well #3) to the West Reservoir and to separate the West Mountain into three pressure zones.   

 

 

 

 



 

12801A 1 - 16 Wright-Pierce 

1.1.7.1 Conditional Assessment 

Sandy River and Riverside Stations include an above grade building over a concrete pipe gallery 

(pit) that houses the 2” and 4” PRV’s, control valves for booster pump operation, and associated 

isolation valves.  The building structures have been well maintained are in excellent condition.  

Both building were recently painted and the roof shingles were replaced.  The Riverside Station 

building has interior drywall damage that occurred when an air release valve failed and 

discharged water on the walls.  The booster pumps and solenoid control valves are located in the 

building enclosure and appear to be in good condition, but they have not been operated in many 

years and would require a mechanical and electrical assessment if the stations are used in the 

future to supply water to the West Resevior.  The booster pumps are only used for emergency 

standby to pump water from the low zone to the West Reservoir  since Well  3 has been offline 

due to salt contamination.   

 

The Horsebarn Station includes 2” and 6” PRV’s and booster pumps located in a below grade 

concrete pit with an above grade access hatch.  The concrete pit, process piping, pumps, and 

valves are in excellent condition.   

 
1.1.7.2 Recommendations 

Wright-Pierce recommends that SWA complete following recommendations as part of its 

maintenance capital improvement plan for the PRV stations.  Cost estimates and prioritization 

for associated recommendations are presented in Section 4 of this report.    

 

1. The  4”  PRV’s  at  Sandy  River  and  Riverside  should  be  replaced  with  6”  PRV’s  to  

increase fire flows on the West Mountain.    

2. Pit access for valve maintenance requires confined space entry.  Elimination of confined 

spaces to improve safety and improve efficiency of maintenance activities is 

recommended for future planning, but would require moving the piping and equipment 

above grade and construction of building for the Horsebarn Station.  The piping and 

valves could be designed similar to the more modern Timbers and Hardwood PRV 
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Stations. The cost of relocating the piping and valves above grade in a building will need 

to be balanced with other priority needs of the system. 

3. The damaged drywall in Riverside Station should be replaced. 

4. There  are  no  provisions  to  isolate  the  Sandy  River  and  Riverside  Stations  without  

entering the pipe gallery to close the manual isolation valves (confined space entry).  The 

SWA should consider installing actuated control valves in the pipe galleries (similar to 

Horsebarn) or inline valves exterior to the station to allow the operators to isolate the 

station without requiring confined space entry procedures and to improve response time 

in the event of an emergency isolation.   

 

1.1.8 Timbers and Hardwood PRV Stations 

The Timbers and Hardwood PRV Stations supply water from the West Reservoir to the Timbers 

and East Mountain service areas.  The stations were installed in 2005 and consists of a slab on 

grade foundation with a wood framed building and natural pine siding.  Each building contains a 

2” and 6” PRV with isolation gate valves that are located inside the building.  The process piping 

also contains an electric actuated butterfly valve that allows the operators to remotely isolate the 

discharge side of the PRV stations.   

 

1.1.8.1 Conditional Assessment 

Both facilities are in excellent condition and well maintained.  The process piping, PRV valves, 

and gate valves are in excellent working condition.   

 

1.1.8.2 Recommendations 

There are no immediate upgrade needs required at either station.  It is recommended that the 

operations staff continue to monitor building condition and complete an annual preventative 

maintenance on the PRV’s and instrumentation equipment.   
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1.1.9 Mountainside PRV/Booster Station  

The Mountainside PRV/Booster station was constructed in 2011 and consists of a 20 ft x 20 ft. 

wood framed building constructed on a slab with a frost wall foundation.  The building houses 

the process piping, booster pump, PRV, control, and electrical distribution equipment for the 

facility.  The booster pump is a 15 hp Goulds VSS series turbine can pump that is used to pump 

water from the middle zone (water supplied from the West Reservoir and Wells 2 and 4) to the 

East Reservoir.   

 

1.1.9.1 Conditional Assessment 

The facility was constructed in 2011 and is in excellent condition.  There are no current 

conditional deficiencies that need to be corrected due to age of the facility.   

 

1.1.9.2 Recommendations 

Wright-Pierce recommends that SWA complete following recommendations as part of its 

maintenance capital improvement plan for the station.  Cost estimates and prioritization for 

associated recommendations are presented in Section 4 of this report.    

 

1. The booster pump station is a critical facility that supplies water to the East Reservoir.  It 

is  recommended  that  the  SWA  install  a  redundant  booster  pump  for  the  facility.   The  

facility was designed to add a future redundant pump and VFD.  

2. The facility does not have emergency power.  In the event of a power failure, the SWA is 

currently unable to transfer water from Wells 2 and 4 and from the West service area to 

the East Reservoir.  It is recommended that the SWA consider adding a standby propane 

fired generator at this facility.   

3. The SWA should complete an annual preventative maintenance program on the booster 

pump and PRV’s to ensure reliable working condition during the peak ski season.   
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1.1.10 Bigelow PRV Station 

The Bigelow PRV Station is  similar to design and condition as the Sandy River and Riverside 

Stations.  The Station consists of an above grade wood framed structure supported on a block 

foundation over a below grade pit that houses the 2” and 6” PRV’s, control valves, and piping.  

The building also contains a booster pump that is designed to pump water from the low zone to 

East Reservoir.   

  

1.1.10.1 Conditional Assessment 

The building structure and metal roof are in good condition. The exterior siding and trim needs 

to be repaired and painted.  The booster pump appears to be in poor non-working condition.  The 

piping located in the pit has extensive surface corrosion, but appears to be in acceptable service 

condition.   

 

1.1.10.2 Recommendations 

Wright-Pierce recommends that SWA complete following recommendations as part of its 

maintenance capital improvement plan for the station.  Cost estimates and prioritization for 

associated recommendations are presented in Section 4 of this report.    

 

1. The booster pump should be replaced needed for future use.   

2. The building siding/trim should be repaired and repainted.    

3. The piping and valves should be repainted.   

4. There are no provisions to isolate the station without entering the pipe gallery to close 

the manual isolation valves (confined space entry).  The SWA should consider installing 

actuated control valves in the pipe gallery (similar to Horsebarn) or inline valves exterior 

to the station to allow the operators to isolate the station remotely without requiring 

confined space entry procedures and to improve response time in the event of an 

emergency isolation.   
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1.1.11 Lab/Chemical Injection Facility 

This facility include an office, sodium hypochlorite feed system, and lab area for water quality 

bench testing.  The facility includes a shallow pipe gallery that includes a flow meter for the East 

Reservoir discharge, check and gate valves to allow the Mountainside booster pump to supply 

water to the East Reservoir.  The water that flows into the distribution system from the East 

Reservoir is disinfected at this facility prior to the first customer.  

 

1.1.11.1 Conditional Assessment 

The building structure appears to be is relatively poor condition and maintenance will be 

required if the facility is retained for long-term use.  The chemical feed equipment is in good 

condition.  The chemical feed room has proper ventilation, lighting, and chemical containment.  

The feed system consists of a LMI chemical feed pump, bulk storage tank, and day tank that are 

in excellent condition.   

 

1.1.11.2 Recommendations 

Wright-Pierce recommends that SWA complete following recommendations as part of its 

maintenance capital improvement plan for the facility.  Cost estimates and prioritization for 

associated recommendations are presented in Section 4 of this report.    

 

1. The building will require extensive repairs to the exterior siding, stairs, etc. if the facility 

continues to be used in the future as currently configured.   

2. The SWA should connect a redundant chemical feed pump to the feed system and 

configure the control system to alternate the pumps as duty/standby.   

3. The SWA should consider using a weigh scale to improve the accuracy of daily chlorine 

usage measurements.  Current volume readings are determined from volume scale 

graduations on the day tank wall.   
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1.1.12 Ground Water Supply 

The SWA water supply consists of 8 wells located across the service area (Appendix A).  A 

summary of the location, physical attributes, and rated capacity of each well is presented in 

Table 1-6.   

TABLE 1-6 
WATER SUPPLY WELLS 

 

 #1 #2 #3 #4 #5 #6 #7 #8 

Location Reservoir 
Road Hotel Tee 5 

Golf 
Base 

Lodge 
Condo X 

Cut 
Condo X 

Cut Bullwinkles West 
Reservoir 

Year 
Constructed 1983 1985 1983 1977 1993 1995 1993 2006 

Diameter (in) 8 6 6 8 6 8 6” 6” 

Depth (ft) 403 325 568 270 728 466 165 400 

Capacity 
(gpm) 55 40  90  40  67  150 8 8 

 

 

1.1.13 Wells #1, #5 & #6 

The wells supply groundwater to the East Reservoir.  Well #1 and associated flow meter is 

located in a pipe gallery that includes an above grade building enclosure.  The Well #1 building 

contains the electrical power distribution equipment for the Laboratory Building, East Reservoir, 

and Wells #1, #5, and #6.  SWA has a 60 KW Olympian propane generator at Well #1 that 

provides emergency power for the three wells, Laboratory Building, and East Reservoir.  Wells 

#5  and  #6  are  located  south  of  the  East  Reservoir  at  a  higher  elevation  on  the  mountain.   The  

SWA maintains a small wood framed building at Wells #5 and #6 (old ski lift shack) that 

contains SCADA monitoring equipment including video surveillance, well level monitoring 

equipment, and the motor starter for Well #6.  The motor starter for Well #5 is located at the East 

Reservoir Building.    
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1.1.13.1 Conditional Assessment 

The exterior of the building for Well #1 is in poor condition and similar in construction as the 

East Reservoir Building.  The building roof needs to be replaced and several repairs to the siding, 

trim, and the door are in poor condition.  The building for Wells #5 and #6 is in poor condition 

and should be replaced.  The level sensors and pumps have been well maintained by SWA and 

are in good operating condition.   

 

1.1.13.2 Recommendations 

Wright-Pierce recommends that SWA complete following recommendations as part of its 

maintenance capital improvement plan for the facilities.  Cost estimates and prioritization for 

associated recommendations are presented in Section 4 of this report.    

 

1. The Well #1 Building will require replacement of doors, roofing, and repair/painting of trim 

and siding as immediate short term needs.  The SWA should consider replacement of the 

building for long-term equipment reliability and energy efficiency.   

2. The Well #5/#6 Building is in extremely poor condition and should be replaced.  The 

building was previously used as ski lift shack and was not designed for storage of electrical 

and instrumentation equipment.     

3. The motor starters should be replaced with VFD’s to improve energy efficiency and provide 

operator flexibility to pump wells for longer periods of time at lower flow rates to optimize 

the  use  of  the  water  supply.   This  area  of  the  system  is  susceptible  to  lighting  strikes,  so  

lighting arrestors and surge protection should be installed with VFD’s.   

4. The well pumps should be tested and undergo a preventative maintenance evaluation to 

provide a conditional assessment.   

 

1.1.14 Well #2 and #4 

Well #2 and #4 are located at the hotel and base lodge respectively.  Well #4 is access through a 

below grade structure located below the pavers in front of the base lodge.  Well #2 is located on 

the north side of the hotel and includes a pitless adapter and well head that extends above grade 
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and is covered by a small wood framed enclosure.  The flow meter or Well #2 is located is a 

below grade concrete structure located adjacent to the well.  The flow meter for Well #4 is 

located in the base lodge.  Both well pumps are controlled by VFD’s that are located in the base 

lodge and hotel.   

 

1.1.14.1 Conditional Assessment 

The equipment associated with the wells appears to be in good condition.  The flow meters, and 

telemetry equipment are relatively new and no problems have been reported with the pumps or 

VFD’s.   

  

1.1.14.2 Recommendations 

Wright-Pierce recommends that SWA complete following recommendations as part of its 

maintenance capital improvement plan for the wells.  Cost estimates and prioritization for 

associated recommendations are presented in Section 4 of this report.    

 

1. The SWA should consider construction of a more secure structure to protect Well #2.  

Construction of a larger wood framed structure over Well #2 would provide an 

opportunity to relocate the flow meter above grade to improve access and relocate 

distribution equipment out of the hotel.  Elimination of confined spaces to improve safety 

and improve efficiency of maintenance activities is recommended for future planning, but 

the cost of relocating the flow meter and construction of a building will need to be 

balanced with other priority needs of the system. 

2. The well pumps should be tested and undergo a preventative maintenance evaluation to 

provide a conditional assessment.   

 

1.1.15 Well #7 and #8 

Well #7 and #8 are located on the West Mountain.  The SWA shares Well #7 with Bullwinkle’s 

Restaurant.   The  well  is  unusual  such  that  it  includes  two well  pumps  mounted  one  above  the  

other in the column pipe.  The lower pump is used to supply Bullwinkle’s Restaurant during the 
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ski season and the higher pump is used by SWA during the summer months only because the 

water line from Well #7 to the treatment facility is buried at shallow depth and exposed on the 

ground surface along the approximate 3,000 ft pipeline route.   

 

Well #8 is located adjacent to the West Reservoir.  The well has limited capacity and water 

quality records from 2006 and 2007 indicate that the well has arsenic concentrations in the range 

of 27 – 33 ppb.  The regulated maximum contaminant level for arsenic in a public water supply 

is 10 ppb.  The electrical distribution for Well #8 is located in the Treatment Facility building, 

but the electrical distribution for Well #7 is located at Bullwinkle’s Restaurant.  Well #7 can only 

be controlled locally from Bullwinkles, since the well is not on the networked SCADA system.   

 

1.1.15.1 Conditional Assessment 

The variable frequency drive for Well #8 has a malfunction and can only be operated in manual 

control.  The level and flow monitoring equipment for Well #8 is inspected routinely and is in 

good condition.  There is no level monitoring equipment for Well #7.  The pipeline for Well #7 

is HDPE and primarily above grade.  The pipe was not inspected as part of the capital 

improvement plan, but there are no reported problems with the pipeline other than the limitations 

of its use during non-freezing times of the year.  The flow meters are routinely inspected by the 

water operators and are in excellent condition.   

 

1.1.15.2 Recommendations 

Wright-Pierce recommends that SWA complete following recommendations as part of its 

maintenance capital improvement plan for the wells.  Cost estimates and prioritization for 

associated recommendations are presented in Section 4 of this report.    

 

1. The well pumps should be tested and undergo a preventative maintenance evaluation to 

provide a conditional assessment.   

2. Treatment options to remove arsenic from Well #8 should be reviewed.  Treatment 

options will be discussed in Section 3 of this report.   
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3. Level monitoring equipment should be installed in Well #7 and the well should be 

integrated into the SCADA system to allow remote monitoring and control.   

 

1.1.16 Well #3 

Well #3 is located near the 5th hole  tee  of  the  golf  course.   The  well  has  a  capacity  of  

approximately 75 – 90 gpm and was an important water supply for Sugarloaf until it became 

contaminated with salt.  The well has not been used since approximately year 2002 when 

significant chloride contamination was discovered in the well, which was attributed to a salt/sand 

storage pile that was located within the capture zone of the well for many years.  The salt/sand 

was relocated in 2007 and the SWA’s has continued to monitor the chloride concentration in the 

well and has periodically pumped the well for several days in an attempt to flush out the chloride 

contamination.    A summary of the most recent water quality data is presented in Table 1-7.  The 

chloride concentrations are significantly higher than EPA’s secondary maximum contaminant 

level (MCL) of 250 mg/l for aesthetic water quality.  The total hardness, sodium, and calcium are 

also very high indicating that the calcium chloride was likely the predominate salt that 

contaminated the well.  The manganese concentrations are slightly higher than the secondary 

MCL of 0.05 mg/l.  The iron, nitrate, and arsenic test results completed indicate that those 

parameters are below the secondary and primarily MCL limits.   

 

TABLE 1-7 
WELL #3 WATER QUALITY 

 

Sample Date Chloride 
(mg/l) 

Hardness 
(mg/l) 

Calcium 
(mg/l) 

Sodium 
(mg/l) 

Manganese 
(mg/l) 

4/17/13 460 496 160 110 0.059 

12/19/12 540     

11/19/12 440   100 0.055 

11/7/12 380   85 0.045 

10/16/12 210   47 0.023 
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The well is located in the low zone of the system and was used to supply the West Reservoir 

through series booster pumping at  the West Mountain PRV stations.   The well  can also supply 

the East Reservoir through the Bigelow PRV/booster station when the pump system is 

operational.   

 

Well #3 pumps into a below grade concrete 1,000 gallon buffer tank that supplies a 25 hp booster 

pump located in an adjacent building.  The booster pump building contains the electrical 

distribution equipment and motor starters for the well and booster pumps.   

 

1.1.16.1 Conditional Assessment 

The current well water quality is not suitable for potable use unless the water is treated or if the 

salt concentrations can be lowered through aggressive and extended period flushing of the 

bedrock fracture capture zone to lower the concentrations to acceptable water quality standards.  

The water operators flushed the well for 3 – 6 days at approximately 75 gpm prior to collecting 

samples on the dates in Table 1-7.  The flushing completed to date has not reduced the salt 

concentrations.   

 

The electrical equipment, pumps, instrumentation, and building structure are in good condition.  

The building is a wood framed structure with clapboard siding and a shingled roof.  The building 

needs some minor repairs to the siding/trim and should be repainted.   

 

1.1.16.2 Recommendations 

Wright-Pierce recommends that SWA complete following recommendations as part of its 

maintenance capital improvement plan for the facility.  Cost estimates and prioritization for 

associated recommendations are presented in Section 4 of this report.    

 

 The SWA should consider completing an aggressive well flushing program for at least a 

month and re-assess the water quality.  An aggressive extended flushing program may 

show water quality improvements that could allow future reactivation of the well.  

Options  to  treat  or  replace  the  well  are  expensive  alternatives  that  will  need  to  be  
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considered if the water quality cannot be improved through flushing the salt from well 

capture zone.  Treatment options for treating Well #3 will be presented in Section 3 of 

this report. 

 The building siding/trim should be repaired and the exterior siding should be painted. 



Section 2
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SECTION 2 

EXISTING WATER USE, PROJECTIONS,  

SUPPLY & STORAGE CAPACITY 
 

2.1 GENERAL 

This section analyzes historical water-use trends in the Sugarloaf Water Association (SWA) 

water system from year 1992 through 2013.  A discussion of historical water-use is followed by 

an assessment of existing water supply capacity and projections of future water demands.  The 

water demand projections serve as the basis for determining the long term infrastructure needs 

for the system.  The SWA has improved its infrastructure to increase hydraulic efficiency and 

system reliability within the current water system.  An assessment of current and future water use 

are needed to ensure that future facilities are adequately sized to meet projected demands and to 

determine adequacy of current distribution and treatment systems.   

 

For typical municipal water systems, water use projections are typically based on population 

forecasts and knowledge of growth patterns combined with knowledge of historical water-use 

patterns.  Population forecasts are of limited use in projecting future use at Sugarloaf because the 

majority of the residential population is seasonal and there is a large transient population of 

water users that varies significantly on a daily basis and is highest during the ski season.   

 

In  order  to  plan  for  future  needs  of  water  system  facilities  and  infrastructure,  it  is  critical  to  

understand existing water use trends, future growth projections, and water supply limitations.  

An important aspect of the planning process is to plan for upgrades and/or additional water 

works facilities in advance of the impending increases in demand.   

 

Numerous factors can impact water-use projections, including economic conditions, 

development (business, industrial, commercial and residential), conservation efforts, etc.  

Weather and economic conditions have a significant impact upon annual revenues generated at 

Sugarloaf since the majority of revenues are developed from recreational skiing and golf, which 

is impacted by weather and economic factors. It is fair to assume that future water use on the 
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mountain will depend upon residential/commercial development, favorable weather conditions 

for recreation, and regional economic conditions.    

 

2.2 HISTORICAL WATER DEMAND AND PRODUCTION TRENDS 

The following discussion presents water system characteristics as it relates specifically to water 

demands.  An analysis of historical water-use patterns is necessary to evaluate existing system 

capabilities and to understand future water supply and infrastructure needs.  Water demand and 

production is defined as the quantity of water which is pumped or produced from all sources of 

supply.  As discussed in Section 1, potable water in the SWA service area is supplied by 8 

groundwater wells and the Carrabassett River.    

 

Knowledge of average-day, maximum-day, and peak hour demands of a water system is required 

in order to evaluate the adequacy of the existing system.  The annual average daily demand is 

useful in estimating total water usage, chemical needs associated with treatment, electric power 

consumption required for pumping, and long-term supply capacity (safe yield or permitted 

withdrawal).  Average daily demand is defined as the total water-use in a year divided by 365 

days.  The maximum daily demand is defined as the maximum daily water-use that occurs during 

a given year or during another defined period of time (such as a maximum month or weekend).  

The maximum daily demand is generally used to size pumping units, transmission mains, 

treatment processes, and storage facilities.  The ratio of the maximum to average daily demand 

provides an indication of the degree the fluctuation of demands throughout a typical day.  A third 

demand component useful in engineering design is the peak-hour demand.  Peak-hour demand is 

the maximum demand that occurs over a one-hour period.  Peak-hour demand is the maximum 

volume that must be provided by all sources in the system (water supply and storage).   

 

2.2.1 Annual Service Area Demand Trends 

The annual volume of water produced by the water system from 1992 – 2013 is presented in 

Figure 2-1.  The data shows that there was a peak in production of approximately 44 MGY in 

2002 and 2007.  The figure highlights the peaks and valleys of annual water use, which is linked 

to favorable or unfavorable ski season weather conditions and economic factors.  The recession 
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that began in 2008 likely contributed to below average annual water production that occurred 

between 2009 and 2012.  The 20-year and 10-year average annual water produced is 

approximately 35 MGY.  The 5-year average production shows a slight decreasing trend over 

time, but production increased to approximately 39 MG in 2013.   

 

FIGURE 2-1 
ANNUAL WATER PRODUCTION 

 

20

25

30

35

40

45

50

1992 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013

Sy
st

em
 W

at
er

 D
em

an
d 

(M
GY

)

Year

Annual System Demand 10-Year Avg 5-Year Avg

 

The seasonal or monthly water demand trends from 2002 – 2013 are presented in Table 2-1 

(following page) and graphically in Figure 2-2 (page 2-5).  The table and figure presents the 

average day demand by month (water produced), average maximum day demand by month, and 

the maximum day demand by month.  The average daily demand by month is simply the ratio of 

water produced in the month and the number of days in the month.  The average maximum day 

demand for each month is the average of the maximum day demand recorded by month each 
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year from 2002 – 2013.  The maximum day demand for each month is the actual maximum daily 

demand that occurred during the month from 2002 – 2013.   

 

TABLE 2-1 
SEASONAL WATER USE TRENDS 

YEAR 2002 - 2013 
 

Month 
Average 

Day 
(gallons/day) 

Average 
Max Day 

(gallons/day) 

Max Day 
(gallons/day) 

Ratio 
(Avg. Max-Day/ 
Average-Day) 

(A) (B) (C) (B/A) 

January 135,600 281,814 439,391 2.1 

February 143,532 251,939 322,324 1.8 

March 133,061 251,106 346,875 1.9 

April 76,613 215,758 321,837 2.8 

May 47,925 129,127 186,589 2.7 

June 52,851 95,763 146,356 1.8 

July 60,424 108,780 157,348 1.8 

August 59,295 107,600 172,844 1.8 

September 55,238 99,959 188,532 1.8 

October 58,779 166,465 260,765 2.8 

November 55,258 127,313 164,432 2.3 

December 123,708 308,789 502,279 2.5 

Average 83,509 178,701 267,464 2.2 
 

The trend highlights the fact that the peak ski season months of December – February require the 

largest water production.  The historical water production trends for the peak ski season months 

and future water use projections are most important for accessing the adequacy of the current 

water supply and storage capacity for the system.   

 

The highest maximum day demand recorded over the past 11 years is approximately 500,000 

gpd with an average day demand of approximately 280,000 gpd during the peak ski season 
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months.  The data also indicates that maximum day demands during school vacation and 

weekends are typically in the range of 300,000 – 350,000 gpd.  On rare occasions demands as 

high as 500,000 gpd have been observed.    

 

The annual average day and average maximum daily demands are 83,500 gpd and 179,000 gpd, 

respectively (Table 2-1).  The ratio of maximum-daily demand to average-daily demand is in line 

with industry averages (ratio of 2.0).  The average ratio of 2.2 will be used to project maximum 

day demand, which is presented later in the report.   

 

FIGURE 2-2 
SEASONAL WATER USE TRENDS 

YEAR 2002 - 2013 
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The months and years in which the top three maximum day demands occurred from 2002 – 2013 

were analyzed to understand the daily water use trends during the months of highest historical 

water use.  The top three maximum day demands occurred during December 2007, January 

2008, and February 2007.  The daily water production during these months is graphically 

presented in Figure 2-3 and described on the following page.   

 

FIGURE 2-3 
MAXIMUM DEMAND MONTH DAILY WATER USE TRENDS 

YEAR 2002 - 2013 
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2.2.2.1 December 2007 

The data shows that water production gradually increased from approximately 100,000 gpd at the 

beginning of the month to approximately 310,000 gpd from December 23 – 27, which coincides 

with the Christmas holiday and school vacation.  Water demand increased to 430,000 gpd on 

December 28th and peaked at 500,000 gpd on the 30th and 31st.   

 

2.2.2.2 January 2008 

Water use in January 2008 ranged from approximately 250,000 gpd to approximately 400,000 

gpd with peaks in water use occurring during weekends.  The maximum water use of 440,000 

gpd and 430,000 gpd occurred on January 19th and 20th respectively.   

 

2.2.2.3 February 2007 

Historically, water use during the month of February declines, although school vacation week is 

typically one of the highest water demand periods during the year.  In 2008, the first two 

weekends of the month averaged approximately 250,000 gpd whereas the last two weekends 

averaged approximately 310,000 gpd.   

 

 WATER SERVICE CONNECTIONS 2.3

The water system has experienced a moderate increase in the number of services since 1997 as 

shown in Figure 2-4.  The increase in the number of service connections during this time period 

is directly correlated to construction of new condominiums and homes within the service area.  

Some of the service connections added to the system were installed for restaurants and other 

commercial businesses.  The number of service connections increased approximately 35% from 

1997 - 2007 as residential development expansded on the mountain.  Growth has been slowed 

since 2006 as service connections have only increased approximately 2%.  
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FIGURE 2-4 

SERVICE CONNECTION TREND 
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Water use per service connection during the months of January and February from 2001 to 2013 

is presented in Table 2-2 (following page).  The table breaks down the total monthly water use to 

gpd/service connection for each year.  The resiential services are unmetered system so evaluating 

the actual residential from meter records is not possible.  The industry standard for typical 

residential water use is approximately 75 - 80 gpd/person or 160 – 170 gpd/residential service 

connection.   These water use charateristics are typical for year round residential development, 

which likely varies for Sugarloaf because the residential population is predominately seasonal 

and the mountain is used primarily for weekend recreation and vacations.  SWA currently has 64 

year round residential service connections.   
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The water use per service connection presented in Table 2-2 is a composite of all water used on 

the mountain including residential, commerical, and transient populations coming to the 

mountain for recreational activities.  The service connection demand analysis indicates that the 

composite water use per service connection during January and February has decreased since 

2001.   

TABLE 2-2 
WATER USE PER SERVICE CONNECTION 

PEAK WATER DEMAND MONTHS  
YEAR 2001 – 2013 

 

Year Service 
Connections 

January February 

Gal/Month GPD/Service Gal/Month GPD/Service 

2001 964 5,255,318 176 5,693,663 191 

2002 982 6,206,731 204 7,209,336 237 

2003 990 5,938,907 194 5,897,964 192 

2004 1,064 5,847,960 177 5,942,539 180 

2005 1,100 5,382,575 158 5,729,972 168 

2006 1,177 6,004,832 165 4,869,560 133 

2007 1,206 5,101,857 136 5,254,238 141 

2008 1,223 8,565,389 226 5,520,715 146 

2009 1,224 4,705,762 124 4,787,148 126 

2010 1,237 4,680,154 122 4,745,682 124 

2011 1,244 5,936,848 154 4,713,286 122 

2012 1,246 4,509,310 117 4,877,171 126 

2013 1,248 4,932,685 127 5,067,671 131 

Average 1,147 5,620,641 160 5,408,380 155 
 

The monthly water use during the peak season months has decreased since the early to mid 

2000s, which mainly attributed to economic factors.   
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 WATER USE PROJECTIONS 2.4

To determine future water demand requirements for the SWA, an evaluation of the historical 

water use trends, existing undeveloped residential lots, and undeveloped areas of the mountain 

was completed.  Future water use projections for Sugarloaf will be driven by new development 

and are more uncertain than projections made of water systems that are predominately year 

round residential demands that can be correlated to population change projections during a 

planning period.  In the case of Sugarloaf, future growth within the service area will be tied to 

land development, future economic factors, and future business development plans. 

 

2.4.1 Future Development and Growth 

Future growth in the service area is anticipated to be primarily residential growth directly related 

to construction of residential condominiums and homes (seasonal and year round).  Residential 

development for seasonal vacation/weekend recreation is expected to be the primary driver of 

future development on the mountain at this time.   

 

There is  also expected to be some commercial  development on the mountain over the next 20-

years.  There were previous discussions of constructing a bowling alley/recreational facility at a 

location between the Rack restaurant and East Mountain Road that would require a water main 

extension on the access road to provide water service to the facility.  There has been more recent 

planning discussion of constructing a new vehicle maintenance/fire station in the area planned 

for the bowling alley.  The bowling alley is being constructed in Carrabassett Valley.   

   

2.4.1.1 Undeveloped Lots 

Wright-Pierce utilized available 2013 aerial imagery and parcels data provided by SWA to 

estimate the number of residential vacant lots that could be developed in the future.  Wright-

Pierce estimates that there is currently about 80 – 87 undeveloped lots within the current service 

area.  The majority of the lots (~ 52) are located around the golf course.  There are approximately 

30 vacant lots on the western side of the mountain.  The eastern side of the mountain is currently 

nearing build out of current developments with only a few vacant lots remaining.   
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There are approximately 60 – 65 undeveloped lots south of the existing service area that could 

provide an opportunity for additional customers if the water system was extended north along the 

access road toward Carrabassett Valley Academy (Appendix C).  Extension of water service 

north of Iron Brook Road would require at least 2,000 feet of new water main along the access 

road and a PRV station.   

 

2.4.1.2 Planned and Current Development 

Sugarloaf is currently in the process of constructing new condominiums and houses on the 

western side of the mountain along Riverside Drive between the Riverside PRV Station and 

West  Mountain  Rd.   There  are  currently  plans  to  construct  10  –  12  buildings  in  this  area  

(Appendix C).   

 

2.4.1.3 Undeveloped Land Areas in Service Area 

Wright-Pierce reviewed 2013 aerial imagery and topography to evaluate potential developable 

areas of the mountain.  We understand that further residential development on the east side of the 

mountain has been discussed at Sugarloaf.  The figure in Appendix C delineates the area on the 

eastern side as well as an area on the western side of the mountain that could be potential areas 

for development based on topography and access to established roads.  Developable area is 

speculative and the SWA should consult with Sugarloaf Mountain Corporation routinely about 

future development and expansion plans.   

 

On the eastern side of the mountain, it has been assumed that development would be constrained 

to  the  western  side  of  Bracket  Brook  and  south  of  the  Bigelow  PRV  station  because  of  the  

topography of the terrain.  Sugarloaf owns a considerable amount of land east of Bracket Brook 

that could also be developed in the future.   

 

On the western side of the mountain, the land area between the West Mountain chair lift line and 

West Mountain Road could provide opportunities for future development.  The potential 

development area delineated in Appendix C does not include the apparent natural valley drainage 

channels observed on the aerial imagery.    
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 FUTURE WATER DEMAND ESTIMATES 2.5

Water demand projections are estimated to assess the adequacy of the existing distribution 

infrastructure and treatment capacity through the 20-year planning period.  The growth of water 

demands will be linked to residential and business development at Sugarloaf.   

 

Wright-Pierce estimated the current average daily during the peak ski season (January – 

February) by calculating the average water use/service connection during the last five years (129 

gpd/service connection) and the current number of service connections (1,248).  The current 

maximum day demand was calculated by multiplying the average day demand by a factor of 2.2 

(refer to Table 2-1).  The current peak weekend day is based on the historical record peak of 

approximately 500,000 gpd that occurred in December 2007.   

 

Wright-Pierce projected the year 2034 average day demand during the ski season by assuming 

that the current undeveloped lots would be developed and connected to the water system by year 

2034 with an assumed 15% increase in water use per service connection (148 gpd/service 

connection) by year 2034.  The total number of service connections assumed in year 2034 is 

1,335 based on the number of current undeveloped lots.  The projected maximum day demand 

was calculated by multiplying the projected average day demand by a factor of 2.2.  The 

projected peak weekend day water use is speculative, but Wright-Pierce assumed a 15% increase 

in peak weekend daily water during the planning period.   A summary of the current and 

projected demands are presented below in Table 2-3.    

 

TABLE 2-3 
SUMMARY OF DEMAND PROJECTIONS 
PEAK SKI SEASON MONTHS (JAN – FEB) 

 

Water Demand/Production Current 
(gpd) 

Year 2034 
(gpd) 

Average Daily Demand 160,700 197,500 
Maximum Day 353,500 434,700 
Peak Weekend Day 500,000 575,000 
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 WATER SUPPLY 2.6

As discussed in Section 1, the SWA water supply consists of 8 bedrock wells and a surface water 

supply.  The SWA treats water drawn from the Carrabassett River at the filtration plant located 

on the west side of the mountain.   

 

2.6.1 Ground Water Supply 

2.6.1.1 Wells #1, #5, #6 

Wells #1, #5, and #6 are operated in parallel (blended) to supply groundwater to the East 

Reservoir.  Only Well #5 or #6 is pumped with Well #1 at any given time.  Well #1 has reported 

sustained yield of approximately 50 gpm with a peak shorter duration yield of 75 gpm.  SWA 

operations staff has indicated that the recovery of Well #1 is slow when pumped at the higher 

flow range.  Well #1 also reportedly has high iron concentrations and slow recovery rates, so the 

flow rate of the well must be carefully managed to maintain good aesthetic blended water quality 

and to prevent large well drawdown and slow recovery rates.   

 

Wells #5 and #6 have good recovery rates and yields.  Well #5 has a sustained yield of 

approximately 75 gpm whereas the sustained yield of Well #6 is approximately 100 gpm.  Well 

#6 can be pumped at high rates for shorter periods of time during peak demand days, but 

operations staff must carefully monitor drawdown and recovery rates when Well #6 is pumped at 

flow rates greater than 100 gpm.  Wells #5 and #6 are located adjacent to each other and only 

one well is operated at a time.   

 

2.6.1.2 Wells #2 and #4 

Wells #2 and #4 are located at the hotel and Base Lodge, and are pumped in parallel to supply 

water to the middle pressure zone and feed the suction side of the Mountain Side PRV/Booster 

Station.  The Mountain Side Booster/PRV Station pumps water supplied to the middle zone by 

Wells #2 and #4 and the West Reservoir to the East Reservoir.  The combined sustained yield of 

Wells #2 and #4 is approximately 55 gpm, and have excellent recovery rates.   

  



 

12801A 2 - 14 Wright-Pierce 

2.6.1.3 Wells #7 and #8 

Wells #7 and #8 are located on the western side of the mountain and have very low yields.  The 

wells can be pumped in parallel (blended) to supply water to the West Reservoir.  Well #7 is 

shared  with  Bullwinkles  Restaurant  and  only  used  by  SWA  during  the  summer  months  as  

needed.  The sustained yield of Well #7 is approximately 10 gpm, and the sustained of Well #8 is 

approximately 8 gpm.  Well #8 is only used in an emergency basis by SWA due to its elevated 

concentrations of arsenic (27 - 33 ppb).   

 

2.6.1.4 Well #3 

As discussed in Section 1, Well #3 is located in the low zone and has been offline since year 

2002 due to elevated concentrations of chlorides that leached from Sugarloaf’s salt-sand storage 

pile.  The salt-storage pile was relocated in 2006.  The well has a reported sustained yield of 

approximately 75 gpm, but its capacity could be as high as 100 gpm based on historical SWA 

well construction and testing records.   

 

2.6.2 Surface Water Supply 

As discussed in Section 1, the SWA supplements its groundwater supply with surface water 

pumped from the Carrabassett River and treated at the West Mountain Treatment Facility.  The 

capacity of the filtration plant varies based on raw water turbidity.  The raw water turbidity must 

be relatively low to operate the plant at or near capacity of approximately 300 gpm.  Historical 

operations reports from SWA records and discussions with operations staff indicate that treated 

water quality and filtration capacity are adversely impacted when raw water turbidity exceeds 2 

NTU.  The Carrabassett River can have “flashy” water quality (i.e. variation in turbidity and 

color) during precipitation events and during the spring melt run-off.  During the winter, when 

the SWA is more reliant on the surface water supply, the raw water turbidity is generally low to 

moderate and the plant can be operated consistent near its design capacity if needed to meet 

system demands. SWA has indicated that the filter plant can produce approximately 432,000 gpd 

of finished water when raw water quality conditions are favorable for the filtration process.    
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2.6.3 Current Water Supply Capacity 

A summary of the sustained capacity of each well is summarized below in Table 2-4.  The 

reported capacities are based on information provided by SWA and assume 16-hour pumping to 

which allows 8 hours for well recovery.  Well #7 is not used during the winter because the water 

line is on the surface of the ground and shallowly buried in some locations.  Well #3 is not 

currently  used  because  of  high  chloride  concentrations  (>400  ppm).   Well  #8  is  also  not  used  

because of water quality issues, but can be blended with the filtered water supply.  The current 

capacity of the wells used by SWA during the winter is approximately 180,500 gpd.  The total 

capacity of the groundwater and surface water supplies used by SWA during the peak winter 

months is approximately 650,000 gpd under ideal conditions.  Surface water quality and 

coordination with the snow making operations group can reduce production of the filtration 

plant.  The estimated range of current system capacity is approximately 450,000 gpd to 650,000 

gpd.    

TABLE 2-4 
SUMMARY OF WATER SUPPLY CAPACITY 

 
Well Gal/Min Gal/Day 

Well #1 50 48,000 
Well #5 and #6 75 72,000 

Well #2 30 28,800 
Well #4 25 24,000 
Well #8 8 7,700 

Total Groundwater 188 180,500 
Treatment Plant (Min.) 200 288,000 

Treatment Facility (Max.) 300 432,000 
Total (Treatment Plant Min.) 388 468,500 
Total (Treatment Plant Max.) 488 612,500 

 

The current water supplies and operational challenges associated with the surface water supply 

are marginally adequate to meet current demands and will continue to be stressed if projected 

demands are realized in the future.  The water supply is significantly stressed when demands 

exceed 350,000 gpd and raw surface water turbidity approaches and exceeds 2 NTU, which 

requires system to be more reliant on the storage volume from the East and West Reservoirs to 
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meet peak weekend demands during the ski season.  Alternatives to increase the water supply 

capacity of the system are presented in Section 3 of this report.   

 

2.7 WATER STORAGE 

2.7.1 Storage Analysis 

Storage should be designed to provide all demands which exceed the maximum day average flow 

rate.  The volume of storage which is depleted during the daytime peak flow periods is refilled 

during the lower demand, early morning hours. 

 

System storage is necessary for the following reasons: 

 

 To provide fire protection.  If a fire occurred during the maximum day demand, all the 

water used to fight the fire would be drawn from storage volume. 

 To provide water during emergency situations such as power failures, transmission main 

breaks, etc. 

 To provide additional volume for pumping during off-peak electrical periods. 

 To provide equalization volume for cycling pumps during normal daily operation.  

 

All storage components described above should be available while still providing at least 20 psi 

of pressure in each pressure zone.  This pressure is equivalent to the volume of water stored 46 

feet above the highest service.  This storage volume is referred to as the available or active 

storage. 

 

Storage is provided on the mountain by two 350,000 gallon dual chambered cast-in-place 

concrete tanks located on the east and west sides of the mountain.   

 

To determine the adequacy of the existing storage volume, an analysis of each of the storage 

components described was made using projected demands through year 2034.  A worst case 

scenario would dictate that for a fire on the maximum day, the fire flow and hourly fluctuation 

volume of the available storage should be available simultaneously.  
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2.7.2 Required Active Storage 

The required storage in the service area can be calculated as follows: 

 

1. Fire Protection Storage Volume - The volume which should be stored for fire protection 

should be capable of providing 3,500 gpm for 3 hours or 630,000 gallons.  This is the 

Insurance Services Office (ISO) recommended maximum amount of fire protection 

necessary for a public water purveyor to supply for a test location within this zone.  This 

flow is appropriate in the Sugarloaf system due to the presence of the base lodge, hotel, 

and high value residential development.     

2. Equalization Storage for Peak-Hour Storage Fluctuation - The storage volume necessary 

to provide the system hourly fluctuation demands was estimated to be 20 percent of the 

maximum  day  total  demand  for  the  water  system.   The  equalization  storage  volume  

required based on year 2034 projected peak weekend day demand is 115,000 gallons 

(575,000 gallons x 0.2)  

3. Emergency Storage -  Storage  should  be  available  to  meet  emergencies.   The  SWA has  

emergency  power  at  the  treatment  plant  and  for  Wells  1,  5,  and  6.   There  are  no  

provisions for emergency power for Wells 2 and 4 and Mountainside PRV/Station does 

not have a generator or pump redundancy.  The recommended emergency storage in the 

event that Wells 2 and 4 and the Mountain Side Booster Station is offline during a peak 

weekend is 105,600 gallons which is equivalent to the 48-hour weekend capacity of 

Wells 2 and 4.  The current groundwater supply capacity is approximately 180,500 gpd 

(not including Well #3) and the projected year 2035 maximum day demand is 

approximately 435,000 gpd.  The loss of the treatment plant during a typical peak 

weekend demand period would result is a water supply deficit of approximately 255,000 

gallons.  The recommended emergency storage reserve for the planning period is 255,000 

gallons.      

 

The total required active storage volume for the three components described above is 1,000,000 

gallons in year 2034.  The existing active storage volume in the service area is 700,000 gallons 

(Table 2-5).   
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TABLE 2-5 
EXISTING AVAILABLE ACTIVE STORAGE VOLUME 

 

Storage Component East 
Reservoir 

West 
Reservoir 

Total Capacity (gallons) 350,000 350,000 
Overflow Elevation  (feet-USGS) El. 2,115 El. 2,310 
Base Elevation (feet – USGS) El. 2,105 El. 2,300 
Unit Volume (gallons/foot) 35,000 35,000 

Highest Elevation Served (feet- USGS) El. 2,061 El. 2,260 

Minimum Storage Elevation for Minimum 20 
psi Residual System Pressure (feet – USGS) El. 2,107 El. 2,306 

Active Storage Volume (gallons)1 350,000 350,000 
Total Active Storage Volume (gallons) 700,000 

 

Based on this analysis, the system has an active storage deficit of approximately 300,000 gallons.  

Options for increasing service area storage and water supply alternatives are presented in the 

following section of this report.   



Section 3
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SECTION 3 

WATER SUPPLY & STORAGE ALTERNATIVES 

3.1 GENERAL 

This section summarizes alternatives to improve the water supply and storage capacity within the 

water system.  The analysis presented in Section 2 indicates that the existing water supply 

capacity during the ski season is marginally sufficient during peak periods of the season and can 

require a significant time investment by the system operators to ensure uninterrupted water 

supply during the peak weekends and holidays.  The current water supply capacity can be limited 

by the treatment plant capacity (raw water quality) or any of the wells due to equipment failure 

or reduced capacity.  

 

The approaches considered to improve the capacity and quality of the water supply to meet the 

current and future needs of the system included: 

 Groundwater exploration & development 

 Brackett Brook water supply 

 Well #3 treatment 

 Well #8 treatment 

 Treatment facility upgrades  

 Additional finished water storage capacity 

 

The historic peak weekend water demand of the water system is approximately 1 million gallons 

(MG) with a typical maximum 2-day weekend demand of approximately 700,000 gallons during 

the ski season.  The year 2034 projections indicate that the peak weekend demand could be as 

high as 1.15 MG with consecutive projected peak daily demands of 575,000 GPD.   

 

The current water supply can generate approximately 0.9 – 1.2 MG during a peak weekend 

demand period depending upon the quality of the Carrabassett River and assuming all active 

wells operable with 8 hours of recovery (Refer to Section 2, Table 2-4).    The maximum daily 

capacity of the system with the largest supply out of service (treatment plant) is only 
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approximately 180,500 GPD, which indicates that the system is vulnerable in the event of that 

the treatment facility cannot be operated for more than 12 – 18 hours on a weekend day during a 

typical ski season.   

 

Ideally, the water system should have supply redundancy for its largest supply source or pump, 

which in this case is the treatment plant (288,000 – 432,000 GPD).  Redundancy can be achieved 

by development of existing water supply sources that is equivalent to the treatment plant capacity 

or a combination of providing additional water supply sources and storage to meet peak weekend 

day demands.   

 

3.2 GROUNDWATER EXPLORATION & DEVELOPMENT 

SWA has invested considerable financial resources over several years to identify and develop a 

high yield groundwater source that could meet all or a large portion of the water demand.  The 

following discussion summarizes previous ground water exploration and development work 

completed by SWA and possible future exploration areas.   

 

3.2.1 Previous Groundwater Exploration Work 

3.2.1.1 Lineament Analysis 

Wright-Pierce reviewed reports prepared by hydrogeological consultant Caswell, Eichler & Hill, 

Inc. (CEH) for SWA that included groundwater exploration and development work on the 

mountain. CEH completed photo lineament analysis that identified some areas of highly 

fractured bedrock along the slopes of the mountain that have the potential for groundwater 

development.  Generally, these locations are very difficult and potentially costly to facilitate drill 

rig access, and have not been explored.  Furthermore, the current water supply for the mountain 

is from bedrock wells limiting the area that can be explored due to the potential well interference 

effects and development on the mountain. 

 

Generally, only one or two types of imagery were used to identify lineaments in previous studies. 

Standard practice is to utilize multiple types and scales of imagery to identify coincident 
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lineaments as well as the more recent use of available digital elevation model data as part of this 

analysis.  It is possible that additional analysis may result in previously unidentified fracture 

zones and a better understanding of the fracture system on the mountain for future groundwater 

investigation.  

 

3.2.1.2 Sand & Gravel Wells 

SWA contracted with A.E. Hodsdon in 2007 to explore the sand and gravel aquifer along the 

Carrabassett River between the northern end of the golf course and Route 16.  A large number of 

test pits and test wells were completed in both mapped and a previously undiscovered aquifer.  

The test well locations are shown in Appendix A (Test Wells 12 and 13 north of Route 16) and 

test wells located on the north and southern sides of the Carrabassett River between the golf 

course and Rte. 16.    

 

The results of the A.E. Hodsdon exploration work indicated that the unmapped aquifer area east 

of  the  golf  course  (Appendix  D,  Area  E-1)  has  the  highest  potential  for  development  of  a  500  

gpm  supply  (SWA  reported  goal  at  time  of  exploration)  based  on  the  results  of  soil  

characteristics and pump tests completed on test wells on each side of the river.  The test wells 

located in Area E-2 produced lower yields during pump tests and mapped aquifer in Area E-3 

produced unfavorable results for development of screened gravel well due to its soil 

characteristics (Appendix D).  Area E-3 is also the longest distance away from the current system 

that has been explored.  

 

The results of the A.E. Hodsdon exploration work indicate that the four 8” screened tests wells 

constructed on the southern side of the river has a total capacity of approximately 160 - 170 gpm.  

The well screens installed in the test wells appear to be conservative based on the reported soil 

characteristics.   Many  of  these  wells  have  40  to  60  slot  well  screens,  but  the  sieve  analysis  

indicates that at least one of the wells constructed could accommodate a 100 slot screen or 

higher, indicating that well construction potentially inhibited development of the wells.  In 

addition, the wells were developed for only ½ to 1 hour.  It is possible that the estimated yield of 

some of the more productive well locations could be improved upon if additional exploration and 
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test well work is completed.   The water quality results obtained from the test wells indicate that 

the wells meet quality standards for development of a public water supply.   

 

The 8” screened test wells are located several hundred feet down gradient from Sugarloaf golf 

course. Typically, golf courses use large amounts of fertilizer which has been documented as a 

source of nitrates in groundwater. Water quality results from the pump testing of the down 

gradient wells did not indicate nitrates or nitrites above laboratory detection limits.   However, 

the potential exists for nitrate levels to increase under the long term pumping of the aquifer. The 

previous work completed did not assess the water quality of the aquifer between the proposed 

pumping wells and the golf course. The relatively steep groundwater gradient and buried stream 

channel environment (as conceptualized in the Hodsdon report) suggests an atypical and 

complex system with complicated interaction between groundwater and surface water as 

illustrated by the various springs and seeps.  

 

It is recommended that an evaluation of nitrite/nitrate in the aquifer be completed prior to any 

additional groundwater exploration in this area or development of the existing 8” wells as water 

supply sources.  This can be accomplished by installing two-inch diameter PVC test wells to test 

water quality of both shallow and deep zones at a few locations up gradient from the wells.  In 

addition, the water quality sampling plan should include monitoring of several streams and 

springs down gradient of the golf course.  Given the hydrogeologic soil characteristics of the 

aquifer area, it is possible that the majority of the water infiltrating through soils on the golf 

course has limited vertical mobility and may not have long-term impacts on the down gradient 

wells.  Runoff and shallow infiltration from the golf course to the aquifer is possibly discharged 

as surface water to springs small streams and the nearby Carrabassett River.   

 

A long-term 10-day pump test on test wells 8, 9, and 11 was completed in 2007, which 

concluded that the three test wells have a combined yield of approximately 160 gpm – 170 gpm.  

Well 8 is the highest yielding test well at 100 gpm.  The 170 gpm supply (160,000 GPD based on 

16 hours of pumping/day could be considered as a replacement for Well #3 with an additional 

capacity of approximately 80 gpm.   

 



 

12801A 3 - 5 Wright-Pierce 

The infrastructure upgrades to connect the existing 8” wells to the system would be a significant 

investment and requires extending water mains approximately 4,300 feet north along the access 

road to the well sites.  The advantage of this option is that the water system extension could 

provide an opportunity generate additional water customers in developments to the north that 

contains several undeveloped lots as discussed in Section 2.   

 

The infrastructure upgrades would also include a PRV station, utility building for the wells, and 

possible upgrades to the west mountain and Bigelow booster pumps, which were designed based 

on the capacity of Well #3 (~90 gpm).  A conceptual cost estimate to connect the test wells to the 

existing system is presented in Table 3-1.   

 

TABLE 3-1 
EXISTING 8” TEST WELL DEVELOPMENT 

CONCEPTUAL CONSTRUCTION COST ESTIMATE 
 

Project Component Cost Estimate 

8” Water Mains (4,300 feet) $645,000 
PRV Station (120 SF)  $120,000 
Well Pumps and Associated Equipment $80,000 
Site Work and Underground Electric $125,000 
Subtotal Estimated Project Cost $970,000 
Engineering (15%) $145,500 
Contingency (20%) $194,000 
Total Estimated Project Cost $1,309,500 

 

The cost to invest in system expansion and development of gravel wells at the base of the 

mountain is more feasible if one or two high yielding gravel wells can be identified to make a 

more significant impact on the water supply capacity of the system without requiring costly 

treatment.  Wright-Pierce has reviewed the geology around the test well sites and previous 

reports, which indicates there is the potential to develop a higher yield gravel wells down 

gradient of the test wells on the south side of the river where current land access is limited 

(requires land clearing for exploration access).  However, further exploration work will incur 
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additional costs with uncertain results as well as the investment required to connect wells to the 

system must be considered.   

 

3.2.1.3 Bedrock Well Exploration 

Wright-Pierce conducted a site visit to review sand and gravel test well locations, existing 

bedrock well locations, and potential bedrock well locations for exploration.  The two areas of 

interest for bedrock well exploration are shown in Appendix D and identified as Area 1 along 

West Mountain Road and Area 2 is located at Timbers between Well #8 and Wells #2 and #4. 

 

Area 1 was proposed as a location to develop a replacement source for Well #3.  Previous reports 

provided did not identify any photo-lineaments in this area.  This area is located in a relatively 

undeveloped area that is upgradient of the salt contamination that it is unlikely to affect the 

groundwater quality in this area under long term pumping.  If this area is preferable for the 

location of a new bedrock well to replace Well #3, it is recommended that a limited photo-

lineament analysis and hydrogeological assessment be performed for this area followed by an 

electrical resistivity survey to identify precise bedrock fracture zones prior to any test drilling.   

 

Area 2 was proposed as a possible location to develop a bedrock well capable of filling a new 

storage tank if constructed at this location or to supply the East and West Reservoirs.  Previous 

reports indicate a high level of fracturing approximately 600 feet south of this area in very steep 

and wooded terrain (Caswell 1996). Furthermore, the lineament analysis performed by the Maine 

Geological Survey indicated two lineaments passing through this area of interest.  Implementing 

geophysical survey methods in this area may not be feasible due to interference from the buried 

water main, power lines and other cultural features.  Additional utility mapping would be 

required to define utilities that could interfere with geophysical surveys.  Exploration in this area 

could be dependent solely on photo-lineament analysis if geophysical methods cannot be used. 

Furthermore, this area is located in between Well #8, Well #2, and Well #4, and it is unclear 

whether interference from the pumping of these wells would affect water levels in the fractures 

at this location. Based on the map illustrating the theoretical model of bedrock well capture 

zones (Sugarloaf Water Association Bedrock Ground-Water Capture Zones generated by the 
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Maine Geological Survey and Maine Drinking Water Program) a well at this location may not 

interfere with other wells. It should be noted that this is based on lineaments and strongly 

influenced by assumptions in groundwater flow, and not empirical data.  Should SWA decide to 

move forward with groundwater exploration in this area, it is recommended that the State of 

Maine Drinking Water Program be consulted regarding required setbacks from roadways and the 

sanitary protective radius.  To generally meet the setback requirements, the well locations would 

likely require larger separation from the sewer and roadways. In addition, steeply wooded terrain 

would likely require temporary road construction for drilling rig access.  

 

3.2.1.4 East Mountain Test Wells 

In 2002, four 6” bedrock test wells were drilled by Goodwin Well Drilling on the East Mountain 

on the east side of Brackett Brook.  The locations of three of the four test wells are shown in 

Appendix A (Test Wells 9, 10, 11).  The field recorded air lift yields from the drilling records are 

summarized in Table 3-2.  Well H3 had the highest recorded yield at 45 gpm and the lowest total 

depth.  A review of SWA records only contained the drilling logs and no records of pump tests 

or water quality tests being completed following drilling.  Goodwin Well Drilling also indicated 

that they had no records of completing water quality or pumps tests following drilling of the test 

wells.   

TABLE 3-2 
EAST MOUNTAIN TEST WELLS 

 
Driller Well 

ID 
Air Lift 

Yield (gpm) 
Well Depth 

(ft.) 
Casing 

Depth (ft.) 

H1 5.5 510 57 
H2 12 420 27 
H3 45 374 27 
H4 30 570 34 

 

The drilling logs suggest that there is the potential that Well H3 could be a developed into a 30 

gpm supply (28,800 GPD based on 16 hours of pumping).  To access the potential feasibility of 

utilizing Well H3, both water quality samples and pump tests would need to be completed to 

confirm the specific capacity and quality of Well H3 and potential hydrogeological interferences 
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with other existing wells on the East Mountain (Well #1, #2, and #4).  Well #1 is nearest existing 

well and approximately 800 feet from the test wells and on the opposite side of Brackett Brook.  

The approximate cost to complete a short-term 24-hour pump test and water quality sampling of 

Well H3 to assess the feasibility of development as a supply is presented in Table 3-3.   

 

TABLE 3-3 
PUMP AND WATER QUALITY TESTING COST ESTIMATE 

 
Project Component Cost Estimate 

24 hour pump test (Well H3) $7,000 
Water Quality Sampling/Tests  $500 
Hydrogeological Consulting Services $2,500 
Total Estimated Project Cost $10,000 

 

A conceptual cost estimate to connect Well H3 to the existing system is summarized in Table 3-

4. Well H3 is located approximately 800 feet from the Laboratory Building.  The estimate 

assumes  that  the  well  would  be  connected  to  the  system  at  the  Laboratory  Building  and  the  

underground service and fiber optic line would be installed to Well H3 from the Laboratory 

Building location.   

TABLE 3-4 

WELL H3 DEVELOPMENT COST ESTIMATE 
 

Project Component Cost Estimate 
Well Pump and Pitless Adapter $25,000 
3” HDPE Water Main (800 feet) $75,000 
Electrical service, Fiber/ Instrumentation, Security $45,000 
Permitting/New Well Approval $20,000 
Subtotal $165,000 
Engineering (15%) $24,750 
Contingency (20%) $33,000 
Total Estimated Project Cost $222,750 
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3.3 BRACKETT BROOK WATER SUPPLY 

Brackett Brook was used as a surface water supply source for the water system from 1970 to 

1997.  Brackett Brook was operated as an unfiltered disinfected water supply, and was replaced 

with the West Mountain Treatment Facility in 1997 to comply with EPA’s Surface Water 

Treatment Rule.  

 

The Brackett Brook water supply infrastructure remains in place and consists of a 6” intake pipe 

that  diverts  a  portion  of  the  flowing  water  in  the  brook  to  a  600,000  gallon  earthen  reservoir.   

Water continuously flows through the reservoir and overflows back into Bracket Brook a few 

hundred feet downstream of the intake pipe.  The intake piping system includes a below grade 

vault  that  contains  valves  to  isolate  or  control  the  flow  of  water  into  the  reservoir.   During  

operation of Brackett Brook as a raw water supply source, water flowed by gravity from the 

reservoir to the Laboratory Building where the raw was disinfected prior to entering the 

distribution system.   

 

The treatment facility was constructed on the West Mountain because the Carrabassett River has 

a higher capacity and that location allowed the water department to utilize existing infrastructure 

(pump station, intake, and transmission main) in place to pump snow making supply water 

through the 14” steel transmission main that follows the West Mountain chair lift line past the 

treatment plant location.   

 

Redevelopment of Brackett Brook as a water supply source to meet the future water supply was 

evaluated as a potential option to increase the capacity of the water supply on the mountain and 

reduce the reliance on the West Mountain Treatment Facility.  The following sections present 

water quality, treatment options, cost estimates, and DEP regulations that would impact future 

use of this water supply.   

 

3.3.1 Water Quality & Capacity 

A 1991 water system study prepared for the Sugarloaf water system indicated that the Brackett 

Brook raw supply had an operating capacity of 135 gpm.   The water operators recorded a flow 
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rate of approximately 200 gpm entering the reservoir in June, 2014.  The actual flow entering the 

reservoir depends upon the brook water level and flow at the intake location. 

 

The drainage area of Brackett Brook upgradient of the intake and reservoir is approximately 5 

square miles.  The brook is reportedly recharged by several natural springs at its headwaters 

combined with surface water run-off.  The eastern side of the mountain above the Brackett Brook 

reservoir is undeveloped and very steep terrain.   

 

Sugarloaf water operators began sampling Bracket Brook in March, 2014 to assess basic water 

quality parameters to evaluate the potential for development as a water supply.  The laboratory 

test results are summarized in Table 3-5.  In addition, the operators have been monitoring 

turbidity on a daily basis, which is shown in Figure 3-1.  The laboratory results indicate that 

Brackett Brook has low color and iron, low-moderate TOC, and low turbidity.  The data 

indicates that water quality does fluctuate during precipitation events (run-off) and during the 

spring melt as evident in the data trend depicted in Figure 3-1.  However, daily observations and 

data collected by the water operators during the spring melt (2014) suggests that the turbidity and 

color of the Carrabassett River is higher than Bracket Brook, due to its larger drainage area and 

higher loads of dissolved naturally occurring organic materials and suspended solids that occurs 

during precipitation events and during spring melt run-off.    

 

TABLE 3-5 
BRACKETT BROOK WATER QUALITY SAMPLING 

 
Sample 

Date 
Turbidity 

(ntu) 
Color 
(CU) 

TOC 
(mg/l) 

Iron 
(mg/l) 

Hardness 
(mg/l) 

3/24/14 <0.5 <5 2.0 0.01 <10 
4/9/14 1.2 5.0 2.6 0.057 <10 
5/13/14 2.3 15 3.0 0.12 <10 
7/1/14 0.61 10 2.6 0.017 <10 
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FIGURE 3-1 
BRACKETT BROOK TURBIDITY DATA TREND 

 

 
 

A comparison of the raw water turbidity data trend from Bracket Brook and the Carrabassett 

River recorded during a portion of 2014 spring melt period (April 25th – May 21st)  is  shown in 

Figure 3-2.  The data shows that the turbidity of the Carrabassett was higher than Bracket Brook 

for  24  of  27  days  that  comparison  measurements  were  completed.   The  average  turbidity  of  

Bracket Brook was 0.83 NTU compared to 1.07 NTU for the Carrabassett River.   
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FIGURE 3-2 
BRACKETT BROOK AND CARRABASSETT RIVER 

TURBIDITY DATA TREND COMPARISON 
 

 
 

3.3.2 Brackett Brook Treatment Alternatives 

The existing Brackett Brook 600,000 gallon storage reservoir could be utilized as source of 

supply to provide additional water capacity to meet peak weekend demands.  A fraction of the 

reservoir volume could be treated and supplied to the system to reduce the number of hours that 

the West Mountain Treatment Facility must be operated during the ski season.    

 

Surface water sources are regulated under the US Environmental Protection Agency (EPA) 

Surface Water Treatment Rules (SWTR) which determines treatment and monitoring 
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requirements.  Additionally, SWA serves an estimated population of 3,115 persons, therefore 

EPA rules governing small systems (serving from 501 to 3,300 persons) would apply.   

 

The EPA SWTR requires removal of turbidity and potential microbiological contaminants using 

a combination of filtration and disinfection.  When water supply sources have high 

concentrations of naturally-occurring organic matter (NOM) and color, filtration is typically 

preceded (pretreated) by the addition of coagulation chemicals followed by mixing, and 

clarification.  Higher quality sources such as Brackett Brook, which feature low turbidity, 

suspended solids, NOM and color may be approved by the Maine Drinking Water Program to 

use direct filtration without upstream coagulation and clarification (as was approved for the West 

Mountain Treatment Facility).  If developed, the source should be permitted for year-round 

operation even though the SWA would likely use the source primarily during the winter months 

to meet peak demands.  

 

The advantage of using the brook supply during peak winter demand is that it can be taken off-

line during the warmer summer months when disinfection by production formation potential is 

generally highest. Moreover, increases in turbidity caused by precipitation and runoff are likely 

to be limited during winter months when runoff would not tend create high levels of turbidity 

from land protected by a snowpack. 

 

The most applicable filtration technologies for Brackett Brook will depend on water quality (the 

range of particle sizes making up the turbidity), capital cost, and operation and maintenance 

costs. Filtration technologies are different from each other in terms of their efficiency in 

removing microorganisms and turbidity, whether they require pressure or can treat water by 

gravity flow, backwashing requirements, and chemical cleaning requirements.  Filtration 

technologies that do not use upstream coagulation-clarification are generally not effective for 

removing dissolved contaminants that contribute to aesthetic water quality (color, taste & odor) 

or dissolved organic matter precursors to the formation of disinfection by products. 

 

The SWTR requires surface water supplies to be treated sufficiently to remove/inactivate 3-log 

(99.9%) of Giardia Lamblia, and 4-log (99.99%) inactivates viruses through a combination of 
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filtration and disinfection.  Furthermore, systems are required to monitor for Cryptosporidium (or 

e.coli, in the case of very small systems) to determine whether additional treatment is required.    

Each primacy agency is allowed to have more stringent requirements than EPA’s.  In Maine, the 

Department of Health and Human Services’ Drinking Water Program (DWP) is the primacy 

agency.  Both EPA and DWP grant log removal credits to the various filtration technologies.  

The remaining log removal required is made up by disinfection contact.  Table 3-6 lists the 

Giardia log removal credits recommended by EPA and granted by the Maine DWP. 

 

TABLE 3-6 
GIARDIA LOG REMOVAL CREDITS AVAILABLE FOR FILTRATION OPTIONS 

 

Filtration Method 
EPA recommended 

Giardia lamblia 
removal credits 

ME Drinking Water 
Program 

removal credits 

Disinfection 
inactivation 

required 

Conventional Filtration 2.5 log 2.5 log 0.5 log 

Direct Filtration 2.0 log 2.0 log 1.0 log 

Slow Sand and Diatomaceous 
Earth (DE) Filtration 2.0 log 2.0 log 1.0 log 

Alternative Filtration 
(Membrane Filtration) Challenge testing 1.5 log 1.5 log 

Alternative Filtration (includes 
Bag and Cartridge Filtration) 2.0 log 1.5 log 1.5 log 

 

The Drinking Water Program has developed standards and a review protocol for approving 

Alternative Filtration Technologies including membrane, bag and cartridge filtration. The 

protocol requires manufacturers to prove to the State that their technology meets the standards 

set forth in the Safe Drinking Water Act (SDWA). The protocol addresses raw water quality, 

engineering, construction, and routine maintenance. Each approved technology will have a 

predetermined log removal rating, service schedule, and recommended application based upon 

pilot testing of the source.  Maine DWP policy grants 1.5 log Giardia lamblia removal credit to 

Alternative Filtration Technologies which have been approved via the “Protocol for the Review 

of Small System Alternate Drinking Water Filtration Technologies”.  The remaining 1.5 logs of 

Giardia removal/inactivation must be achieved using disinfection.  The DWP grants no 

additional removal credits are granted for source water protection or evidence of increased log 
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removal via filtration.  The filtration technologies also differ in the amount of raw water turbidity 

that the process is able is capable of treating.  General guidelines for turbidity limitations are 

shown in Table 3-7 below: 

TABLE 3-7 
TYPICAL RAW WATER QUALITY LIMITATIONS FOR 

FILTRATION TECHNOLOGIES 
 

Parameter 
Filtration Technology 

Conventional Slow Sand Diatomaceous 
Earth Membrane Bag or 

Cartridge 
Avg. Turbidity <50 NTU 1 < 1 NTU < 5 NTU < 100 NTU < 5 NTU 
Max. Turbidity <100 NTU <10 NTU <10 NTU < 200 NTU < 10 NTU 

Color < 75 SCU 3 < 10 SCU < 10 SCU < 10 SCU < 10 SCU 
Adapted from “Guidance Document: Slow Sand Filtration and Diatomaceous Earth Filtration for Small Water 
Systems”  April 2003  Washington State Department of Public Health 
1 NTU = Nephelometric Turbidity Units 
2 SCU = Standard Color Units 
 

Raw water with turbidity that is higher than values shown in Table 3-7 usually require 

coagulation-clarification pre-treatment.  The preliminary water quality data suggests that that the 

water quality and estimated source capacity (~135 gpm) is appropriate for treatment with 

cartridge filters, bag filters, or membranes.   

 

3.3.2.1 Bag & Cartridge Filters - General 

Bag and cartridge filtration are made of synthetic fibers designed to have pore openings of a 

specific size.  Traditionally, bag and cartridges rely on physical surface screening such that if the 

pore size is designed to remove microbial contaminants. However, newer designs are 

incorporating pleating to increase surface area and layering of filter fabrics to allow some depth 

filtration which gives filter elements a longer time between replacements.  Compared to other 

filtration technologies, bag and cartridge filter systems have a smaller footprint, are simpler to 

operate, and have a lower capital cost. 

 

Because bag and cartridge filters are usually not cleaned or backwashed, but are disposed in a 

landfill, they do not generate liquid residual wastes that require collection in a sanitary sewer for 

transport to a wastewater treatment plant, nor collection and dewatering within a lagoon system.  
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Most bag and cartridge filters are disposable and designed to be easily replaced; however, a few 

cartridge filter devices are reportedly designed to be cleaned and operated through multiple 

filtration cycles.  Filters are changed out when the pressure differential across the filter exceeds 

an amount specified by the manufacturer. 

 

In general, bag filters are constructed of non-rigid, fabric media which is housed in a pressure 

vessel in which the direction of flow is from the inside of the bag to the outside.  Bag filters are 

generally less expensive than cartridge filters.  Cartridge filters are typically constructed as rigid 

or semi-rigid, self-supporting filter elements housed in pressure vessels in which flow is from the 

outside to the inside of the cartridge.   

 

The pore size ratings of filter elements are typically staged in a treatment train that proceeds 

from the coarsest at the upstream influent entry point to remove the larger particulates, through 

successively smaller pore sizes to remove smaller contaminants at the effluent end.  The smallest 

in the series is usually a 1 m pore, staged at the end remove Cryptosporidium and bacteria sized 

microorganisms.  Viruses are much smaller, and are required to be inactivated by disinfection 

following filtration. 

 

Unless the quality of the raw water meet certain quality standards such that it precludes pre-

treatment,  EPA  recommends  prefiltration  of  the  raw  water  using  sand  or  multimedia  filters,  

followed by preliminary bag or cartridge filters of 10 micron or larger pore size, and the use of 1- 

5 micron filters as final filters to increase particulate removal efficiencies and to extend the life 

of the filter. 

 

Some products use nominal pore size ratings rather than absolute pore size ratings. Since 

nominal pore size ratings refer to some average pore size rather than the largest, particles larger 

than the nominal pore size may pass through the filter.  Some states may require monitoring of 

filter integrity. 

 

A final filter element sized for Cryptosporidium may be included if monitoring results indicates 

that treatment from Cryptosporidium is required.  An ultraviolet light disinfection system may 
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also be considered in lieu of a Cryptosporidium filter element should monitoring show additional 

treatment is required. 

 

3.3.2.2 Bag Filters 

In a bag filtration system, water flows from the inside to the outside of a bag-shaped filtration 

element. For a bag system treatment train, filter elements of differing pore sizes are arranged in 

series from the coarsest  (for removing turbidity and particulate matter), down to the finest  

(removes microorganisms and bacteria).  Particulates collect on the bag’s fabric (whether woven 

or cast) while allowing the filtered water to pass to the outside of the bag.  When differential 

pressure rise between the inside and outside of the bag, it is changed out and discarded.   

 

Bag filters are manufactured of many different material compositions and formats with a variety 

of opening ratings expressed in microns (typically from 1 to 40 micron). The selection of the 

particular filter bags used is conditioned on raw water turbidity, the range of particle sizes of the 

turbidity, and water quality. Depending on the particular manufacturer, individual bag filters can 

accommodate turbidity units from 0.1 to 10 NTU and flow rates ranging from 10 to 50 gpm.   

However, it is important to recognize that bag filters will only last a few hours when turbidity 

consistently exceeds 1 NTU.  Waters with turbidities that consistently exceed 1 NTU requires 

pretreatment such as roughing filtration or coagulation/clarification.      

 

Pilot  testing  prior  to  installation  of  a  bag  filter  system  is  recommended  to  determine  the  

performance variability factors and ensure adequate removals.   Bag filter systems are best suited 

for systems in EPA’s first two small system size system population categories (25 - 500 and 501 

- 3,300).  Most alternative filtration systems in Maine at this time consist of bag filter systems. 

 

3.3.2.3 Cartridge Filters 

Typical cartridge filters consist of pressure vessels and filter elements consisting of a variety of 

pleated fabrics, membranes, or strings wound around a filter element. The pleating allows for 

higher surface area for filtration compared to bags (170 sf vs 4.4 sf), so they can capture a larger 

volume of particulate contaminants.  The flow is from the outside to the inside, which avoids the 
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problem of having to change out a bag full of water if the filter were to blind.  One advantage of 

filter cartridges is that they may be cleaned and reused.  Cartridge filters are manufactured with 

micron ratings that range from 0.3 to 80 microns.  Similar to bag filtration, these units are very 

compact and do not require a large footprint area.   

 

The cartridge pore size rating required is dependent on the raw water quality, including the 

amount of particulate matter, and the range of turbidity particle sizes.  Pilot testing prior to 

installation of a cartridge filter is recommended to ensure adequate performance. Although 

cartridge filters are listed as a compliance technology for all three water system size categories, 

they are best suited for small water systems in the first two small system size categories (25 - 500 

and 501 - 3,300).   

 

3.3.2.4 Membrane Filters 

Membrane filtration uses pressure differential (from pumps or gravity flow) to drive or pull 

water through a semi-permeable (porous) membrane, separating particulate and colloidal matter 

from water.  Membranes are manufactured of a synthetic proprietary material, characterized by a 

uniform pore size that allows targeting of specific particle sizes for removal (resulting in a 

consistent water quality).   

 

Membranes provide physical removal by size exclusion, such that the extent to which turbidity, 

microorganisms, and dissolved constituents are removed is determined by the size of the 

membrane pores.   For the membrane pore sizes that are typically used in municipal water 

treatment, microfiltration and ultrafiltration, the water typically retains its naturally-occurring 

soluble, dissolved constituents.   One stream of untreated water enters each filtration unit, but 

two streams of water leave the unit: one is treated water and the other is reject water containing 

the concentrated contaminants removed from the water. The main disadvantage of a membrane 

system is the chemical cleaning requirements, increased complexity and higher operation and 

maintenance costs compared to bag or cartridge filters.   
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3.3.2.5 Treatment Facility Costs 

A conceptual design and cost estimate was prepared for a cartridge and bag filter system with a 

roughing filtration system, which is summarized below in Table 3-8.  The equipment cost is 

based on a treatment flow rate of 125 gpm.  The bag filter cost estimate was based on a system 

manufactured by Straintie whereas the Cartridge Filter estimate is based on a system 

manufactured by Geiger-Harmsco.  Both filter systems require a similar building area and we 

assumed that the Laboratory Building would be demolished and a new 20 ft. x 30 ft. wood 

framed building would be constructed at this location.  The building would house the roughing 

filter, bag/cartridge filter skid, electrical equipment, generator, and booster pumps to supply 

treated water to the East Reservoir.  A comprehensive review of annual operation and 

maintenance cost of alternative systems should be completed to assess the life cycle cost as part 

of a more comprehensive evaluation.   

TABLE 3-8 
BAG AND CARTRIDGE FILTER CONCEPTUAL COST ESTIMATE 

 

Filtration Method 
Bag Filter 

System with 
Roughing Filter 

Cartridge Filter 
System with 

Roughing Filter 
Filtration Equipment $130,000 $105,000 

Booster Pumps $25,000 
Process Piping $65,000 

Standby Generator $85,000 
Site Work $75,000 

26 ft. x 30 ft. Building, Filtered 
Water Wetwell $225,000 

Telemetry & Instrumentation $15,000 
Intake Upgrade 

(Screen & Location) $40,000 

Subtotal  660,000 635,000 
Engineering (15%) 99,000 95,000 
Contingency (20%) 132,000 127,000   

Total Estimated Cost $891,000 857,000 
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3.3.2.6 Maine DEP Chapter 587 In-Stream Flows and Lake/Pond Levels 

In 2007, the State of Maine enacted new regulations under Maine DEP jurisdiction that 

establishes river/stream and lake/pond water levels to protect natural aquatic life and other 

designated uses in Maine’s waters.  The regulations apply to Community Public Water Systems 

such as SWA that withdraw water from surface water sources.    SWA withdraws water from the 

Carrabassett River and was required to submit “system design capacity” and historical water use 

data to Maine DEP and the Maine Drinking Water Program as part of the implementation of the 

regulation to determine if a water system needed to apply for a water withdrawal certificate to 

comply  with  Chapter  587.   SWA  was  not  required  to  obtain  a  Community  Water  System  

Withdrawal Certificate to continue using the Carrabassett River as a supply source.   

 

Chapter 587 regulations could have important implications for redevelopment of Brackett Brook 

as a surface water supply.  The cessation of Brackett Brook as a public water supply source 

predates the Chapter 587 regulations.  The seasonal aquatic base flow of Brackett Brook would 

need to be determined and classification of the brook would need to be initially established as 

part of a study to determine the seasonal volume of water that can be withdrawn from the brook 

for water supply without negatively impacting the seasonal aquatic base flow.  Water withdrawal 

restrictions to maintain aquatic seasonal base flows may dictate the capacity of the treatment 

facility, associated costs, and overall feasibility of the project to meet the long term supply needs 

of the system.   

 

The 600,000 gallon reservoir provides a large equalization storage volume that can be used to 

supplement the existing water supply during peak weekends without a direct withdrawal from 

Brackett Brook.  It is possible that reservoir volume could be managed to maintain minimum 

base flows in Brackett Brook to allow the reservoir to be filled during the low demand periods of 

the ski season.   

 

It is recommended that SWA engage Maine DEP and Maine DWP to determine the Chapter 587 

requirements and permitting track with respect to redevelopment of Brackett Brook to determine 
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the permitting and reporting costs associated with constructing a treatment facility to treat water 

from Brackett Brook reservoir.   

 

3.4 WELL #3 TREATMENT 

The treatment options to remove chlorides, sodium, and calcium to acceptable levels could be 

considered if concentrations cannot be lowered through a long-term flushing program.  The 

options to remove ions such as chlorides include reverse osmosis (RO), ion exchange (IX), and 

electrodialysis reversal (EDR).   

 

3.4.1 Ion Exchange (IX) 

In an ion exchange process, undesirable ions are transferred from water to a solid material.  Both 

positively charged ions (cations) and negatively charged ions (anions) can be transferred through 

the IX process.  The solid material, referred to as the exchange resin, is selected based both on 

the ion to be removed and the ion that is being released in exchange.  The resin accepts unwanted 

ions while releasing an equivalent amount of acceptable or desirable ions.  The ion exchange 

resin has a limited capacity and eventually becomes saturated with the unwanted ions.  The 

exchanger is “regenerated” with a solution that contains an excessive amount of the acceptable 

ion that displaces the unwanted ions.  This exchange and regeneration process occurs as a cycle 

that includes water production, backwashing, regeneration, and rinsing. 

 

Ion Exchange is effective when treatment is targeted to a select ion such as chloride.  Well #3 

has  high  levels  of  calcium,  sodium,  and  chloride,  which  would  not  be  easily  treated  with  ion  

exchange and would not be recommended for further evaluation.   

3.4.2 Reversion Osmosis (RO) 

Reverse osmosis is a pressure-driven membrane process.  A semi-permeable membrane is used 

to remove dissolved compounds through a diffusion-controlled separation process.  The RO 

process removes both cations and anions, resulting in demineralized water that is corrosive. The 

treated water, or permeate, therefor requires blending with an untreated split stream or post-

treatment with a calcite contactor to make it suitable for distribution and consumption. 
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Because RO requires high pressure, it consumes significant electricity compared to ion 

exchange.  Typical operating pressures range from 200-500 psi with a maximum allowed 

pressure  drop  through an  element  of  15  psi.    If  the  feed  water  source  has  a  lot  of  silica  (>50  

ppm),  then  the  recovery  will  be  limited  in  an  RO  system.   RO  is  also  vulnerable  to  hardness  

scaling and requires the use of antiscalant chemicals. 

 

Reverse Osmosis in not recommended for Well #3 based on its water quality and the cost and 

complexity of an RO treatment system.    

 

3.4.3 Electrodialysis Reversal 

Electrodialysis Reversal (EDR) is a membrane based process that can remove 50 to 60 percent of 

dissolved solids including calcium, chloride, and sodium. Recovery typically ranges from 80 to 

90%.  The waste stream consists of concentrated brine (reject water), electrode cleaning waste, 

and waste water that doesn’t meet quality standards would likely require pretreatment.  The EDR 

process works by applying a DC electric current to a stack of alternating layers of cation and 

anion selective exchange membranes.  The advantage of this process for a source such as Well 

#3,  is  that  the  system  can  be  designed  to  remove  a  targeted  range  of  calcium,  sodium,  and  

calcium and would be more feasible for a source with high hardness.    

 

Periodic membrane stack cleaning occurs every 4-6 weeks by circulating a chemical cleaning 

solution (Clean in Place (CIP).  Electrodes are cleaned daily with a 45 minute hydrochloric acid 

bath to remove carbonate scaling.  Feed water to an EDR system requires iron concentrations 

less than 0.3 mg/L, turbidity of less than 2 NTU, and manganese less than 0.1 mg/L.   If  these 

conditions cannot be met for the process water, pretreatment is required.   

 

A conceptual cost estimate to construct an EDR treatment facility for Well #3 is presented in 

Table 3-9.  The capital cost, system complexity, use of hazardous cleaning chemicals, and waste 

disposal challenges would likely make all treatment options unfeasible for SWA.   
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TABLE 3-9 
WELL #3 TREATMENT CONCEPTUAL COST ESTIMATE 

 
Project Component Cost Estimate 

EDR Equipment (100 gpm) $350,000 
Wood Framed Building and Foundation (24’ x 24’) $105,000 
Site Work $80,000 
Electrical & Instrumentation $175,000 
Process Piping and Pumps $125,000 
Subtotal $835,000 
Engineering (15%) $125,000 
Contingency (20%) $167,000 
Total Estimated Project Cost $1,127,000 

 

3.5 WELL #8 TREATMENT 

Well #8 has flow rate capacity of approximately 8 gpm and reported arsenic concentrations that 

have ranged from 27 ppb – 33 ppb, which is significantly higher than EPA’s regulated maximum 

contaminant  level  (MCL)  of  10  ppb.    Well  #8  has  a  low flow rate  compared  to  the  treatment  

plant and can be blended with the filtered water to dilute arsenic concentrations when the plant is 

operating.  However, Well #8 is not normally operated when the treatment plant is operating.  

Treatment of Well #8 would allow SWA to operate Well #8 and #7 during the summer months to 

supply the West Reservoir when demands are low and treatment facility operation is not required 

to meet system demands.   

 

Well #8 should be treated to remove arsenic to levels below the USEPA Maximum Contaminant 

Level  (MCL)  of  10  ppb.   There  are  several  options  to  treat  arsenic  for  small  and  large  scale  

systems.  Wright-Pierce recommends that SWA consider an Isolux treatment system (Hydrous 

Zirconium Oxide) based on the water quality, desire for a simple process to operation, cost, and 

waste handling advantages over other options.  Addition information about the treatment 

equipment and cost are presented below.   
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3.5.1 Hydrous Zirconium Oxide (Isolux) 

Zirconium oxide is used as a fine, powder adsorptive media (20 m  diameter).   This  class  of  

adsorbents is represented by a product called Isolux™ which is manufactured by MEL 

Chemicals.   The  optimum  pH  range  for  treatment  is  7  –  8.5  although  pilot  testing  has  shown  

Isolux to be effective at pH as low as 4.   

 

Isolux is an amorphous white powder (particle sizes ranging from 1-50 m.  Because it is a 

powder, it cannot be placed as a media bed within a pressure vessel (as is the case for granulated 

media).  Isolux powder is filled into cartridges, each with an annular space sandwiched between 

two thin layers of tubular membrane made of porous polyethylene (PE). The cartridges are then 

loaded into adsorption modules and operated in cross-flow, unlike the downflow used by 

granular media.  Isolux is furnished as a radial flow cartridge system, with a required 1 m pre-

filter to remove turbidity, suspended solids, and precipitated iron, manganese, and hardness 

scale.  Cartridge backwash and regeneration is not required (no liquid waste), and the the system 

is NSF 61 certified.  Spent cartridges have been USEPA TCLP tested as non-hazardous waste via 

landfill.   

 

The extremely small particle size improve treatment performance compared to other media, but 

is requires a larger pressure drop (head loss of approximately 30 psi) as water moving through a 

through clean cartridges for a non-scaling water.  A booster pump may be required to pump 

water from Well #8 through the system.   

 

The advantages of Isolux include: 

 Very small particulates (powder) can achieve very low removals for many more bed 

volumes compared to other media.  

 High capacity, 10-13 mg/gram (more capacity than other metal hydroxide media) 

 Does not require chemical addition unless pH adjustment is required 

 Range of pH 4.0-8.5, has the highest ZPC 

 No backwashing or regeneration required, disposable media 

 Longer run times at very low concentrations compared to other media. 
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The drawbacks of Isolux are list below, but are unlikely to impact the feasibility of considering 

Isolux for treatment of Well #8.   

 May require pre-filtration 

 May require pressure boosting due to high head loss through small diameter media 

 The presence of silica, phosphate, and/or vanadium in the water and high pH negatively 

impact performance. 

 

Water quality testing must be completed on Well #8 to confirm arsenic concentrations including 

parameters that could impact performance of the system.  If the water quality results are 

favorable for Isolux, it is recommended that SWA consider completing a pilot test to access 

actual performance of the system.   

 

The conceptual cost for a 10 gpm Isolux system is presented in Table 3-10.  The system is small 

and can be installed in the treatment facility along with a small booster pump if needed.  The 

cartridges are normally changed every 80,000 – 160,000 gallons.  The maximum flow of Well #8 

is approximately 7,600 GPD based on 16 hours of pumping, so the cartridge replacement interval 

would be relatively infrequent.  The cartridge replacement cost is approximately $225.   

 
TABLE 3-10 

WELL #8 TREATMENT CONCEPTUAL COST ESTIMATE 
 

Project Component Cost Estimate 
Isolux Treatment System (10 gpm) $5,000 
Booster Pump $1,500 
Process piping $2,500 
Electrical $2,500 
Water Quality Testing $500 
Subtotal $12,000 
Engineering (15%) $1,800 
Contingency (20%) $2,400 
Total Estimated Project Cost $16,200 
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3.6 TREATEMENT FACILITY 

The Kinetico filtration system was installed in 1997 and has generally performed well during the 

ski  season  when  additional  water  supply  is  required  and  coincides  with  periods  when  the  

turbidity and color of the Carrabassett River are lowest.  The treatment facility can consistently 

operate at capacity when the raw water turbidity is less than 1 NTU.  The backwash frequency 

increases and capacity is lowered when the raw water turbidity is consistently above 1.5 NTU, 

which can occur during the spring melt and or rainy conditions on occasions when water demand 

is high and the treatment facility must be operated to meet demands. 

 

The SWA has experimented with the addition of coagulants into contact vessels to pretreat the 

water prior to filtration without success.  An alternative approach would be the addition of a 

roughing filter to prefilter the raw water with coarse media to reduce the turbidity of the water 

feeding the filters when the turbidity of the river exceeds 1 NTU.  However, a roughing filter 

will not improve color removal unless combined with coagulation/clarification, which has been a 

limitation of the current filtration process.  Color removal can be enhanced with the addition of a 

coagulation/clarification pretreatment process or another alternative process such as Magnetic 

Ion Exchange (MIEX). The installation of a pretreatment process for enhanced color/dissolved 

organic carbon removal would require chemical feed equipment and increase waste generation 

that would be more difficult to manage at the treatment plant, which is located on the West 

Mountain.   

 

It is recommended that the SWA consider the addition of a clarification/roughing filter process to 

improve filtered water capacity of the facility when the turbidity exceeds 1.5 NTU.  Pretreatment 

may also be required in the future to reduce organic precursors to lower system disinfection 

byproducts.  The water system is in compliance with disinfection byproduct regulations, but 

future regulatory changes may require treatment upgrades.  There are several options that can be 

evaluated in greater detail to determine upgrade costs and pilot testing would be required.   
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3.7 STORAGE TANK 

The storage analysis presented in Section 2 indicates that the system has a current storage deficit 

of approximately 300,000 gallons.  Construction of a new storage tank with a minimum volume 

of 300,000 gallons is recommended.  Additional system storage would also provide a means to 

store excess groundwater supply that can be pumped during the lower demand weekdays to meet 

the large demands that occur on holidays and weekends during the ski season. 

 

3.7.1 Storage Tank Location 

In addition to volume, the location of a storage tank is also must be evaluated, which impacts 

system hydraulics, fire protection, and water age.  Most of the water demand and groundwater 

supply is on the east side of the mountain, therefore, providing additional storage near the east 

side  of  the  mountain  is  prudent  with  the  flexibility  to  pump  water  from  the  East  to  West  

Mountain.   

 

3.7.1.1 Option 1 – East Mountain Reservoir 

Option 1 would include expansion of the East Mountain Reservoir storage by constructing an 

additional 300,000 gallon buried cast in place concrete tank adjacent to the existing reservoir.  

The project cost would be significantly impacted by ledge removal, site location, and protection 

of the existing reservoir during construction.   In addition, construction of cast-in-place concrete 

tanks is typically more expensive than prestressed concrete tanks.  The space limitations would 

likely make construction of a buried prestressed concrete tank at the East Reservoir site 

unfeasible.  This option may also create water quality problems due to water age and disinfection 

by production formation since both groundwater and treated surface water is supplied to the East 

Reservoir. 

 

3.7.1.2 Option 2 – Hardwood PRV Area 

Option 2 would include locating a storage tank in an undeveloped area across from the 

Hardwood PRV Station.  A 300,000 gallon tank would be located at a base elevation of 

approximately 1,865 ft. with a total height of approximately 14 feet above grade (20 feet total) if 
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a prestressed concrete tank is constructed.   The maximum tank hydraulic gradeline elevation 

would be approximately El. 1,879.  The proposed tank site grade is approximately 100 feet 

higher in elevation than the middle zone, which would provide additional gravity fire storage in 

the zone with highest water demand and development.   

The tank grade line (El. 1,879) would be lower than the operating grade line of the middle zone 

(El. 2,000 – 2,030 ft).  A control valve would be required to control tank filling from 

groundwater supplied from the middle zone and a booster pump would be required to pump 

water out of the tank to supply the middle zone and Mountainside booster pump station.   

 

3.7.1.3 Option 3 – Timbers PRV Area 

Option 3 would include locating a storage tank in an undeveloped area between Timbers and 

Hardwood PRV Station.  This area was discussed earlier in this section as a possible 

groundwater exploration area.  A 300,000 gallon tank would be located at a base elevation of 

approximately 1,950 ft with a total height of approximately 14 feet above grade (20 feet total) if 

a prestressed concrete tank is constructed.   The maximum tank hydraulic gradeline elevation 

would be approximately El. 1,964 ft.  The tank site grade is approximately 200 feet higher in 

elevation than the middle zone which would provide additional gravity fire flows through the 

Hardwood PRV station. 

The tank grade line (El. 1,964) would be lower than the operating grade line of the zone between 

Timbers and Hardwood PRV stations (El. 2,220 ft.).  A control valve would be required to 

control tank filling from water supplied from the West Reservoir or a new bedrock well would 

need to be constructed to supply the storage tank.  A booster pump would be required to pump 

water out of the tank to supply the Timbers and Middle Zones.     

 

3.7.2 West Mountain Booster Pump Station 

Construction of new storage tank at Location Options #2 and #3 will require a booster pump 

station to supply water to the East (Middle Zone, Mountainside Booster Station).  The water 

system does not currently have a pump station that can supply water from the East Mountain to 

the West Mountain.  Providing the flexibility to supply water from the East Reservoir to supply 
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the West Mountain would improve system reliability and operational flexibility in the event an 

emergency that prevents the treatment facility from operating.  The West Mountain Booster 

Pumps could be combined with the new storage tank booster pumps in a single building to save 

cost and provide improved system reliability.   

 

3.7.3 Storage Tank Cost Analysis 

The  cost  to  construct  a  new  storage  tank  at  Option  Site  #2  and  #3  would  likely  be  similar.   

Additional subsurface ledge exploration and site grade limitation would need additional 

investigation to develop more refined cost estimates.  The main disadvantage of Option #3 is that 

filling  the  tank  with  existing  supplies  on  the  East  Side  of  the  mountain  will  not  be  possible  

without installing a water main between the tank and the downstream side of the Hardwood PRV 

Station.  The estimated cost to construct a 300,000 gallon prestressed concrete tank at Site 

Option 2 and 3 is presented in Table 3-11.  The steel tank options were not considered due to 

their long-term maintenance requirements combined with the aggressive winter conditions at 

Sugarloaf.  Cast-in-place concrete tanks were also not considered due to higher construction cost 

including additional ledge removal to construct a completely buried structure.  The cost estimate 

includes redundant pumps for supplying water to the west and east sides of the mountain. 
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TABLE 3-11 
STORAGE TANK CONCEPTUAL COST ESTIMATE 

 

Project Component Option #2 Option #3 

Prestressed Concrete Tank (300,000 gallons) $375,000 
East Side Booster Pumps (15 hp) $25,000 
West Side Booster Pumps (40 hp) $45,000 
Booster Pump Station Building (24’ x 24’) $100,000 
Site Work $175,000 
Process Piping $75,000 
Electrical & Instrumentation (Includes Generator) $175,000 
900 ft. of 8” water main N/A $135,000 
Subtotal 970,000 $1,105,000 
Engineering (15%) 145,500 $165,750 
Contingency (20%) 194,000 $221,000 
Total Estimated Project Cost 1,309,500 1,491,750 

 

3.8 CONCLUSIONS & RECOMMENDATIONS 

The following conclusions and recommendations regarding water supply, treatment, and storage 

within with the water system is based the analysis of the historical water use presented in Section 

2 and the analysis of existing water supply and alternatives to increase capacity as discussed in 

the this section. 

 

1. The water system has a storage deficient of approximately 300,000 gallons.  Construction 

of a new 300,000 storage tank at Tank Site Option #2 is recommended to allow water 

from East Mountain wells to be used to fill the tank. Additional investigation is required 

to evaluate site feasibility in the area recommended.  The tank site should be selected and 

designed to accommodate construction of a second tank at the site if needed in the future.   

2. The storage tank will  require booster pumps to pump water to the East  Mountain.   It  is  

recommended that the pump station also contain pumps to allow system operators to 

transfer water from the East to West Mountain.   

3. Treatment of Well #3 is not a feasible option based on cost, treatment complexity, and 

waste handling issues.  The SWA should plan to replace the capacity of Well #3 (100 
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gpm) through development of additional ground water sources if the groundwater quality 

cannot be remediated through long-term flushing.   

4. Gravel tests wells 8, 9, and 11 were pump tested in 2007, which have a combined yield of 

approximately 160 gpm – 170 gpm.  Well #8 was tested at 100 gpm during the 10-day 

test.  The wells have the capacity to replace Well #3, but the high cost of connecting them 

to the existing system may be prohibitive for future development.  A nitrate/nitrite water 

quality evaluation of the aquifer is recommended prior to completing future exploration 

work.   

5. The sand and gravel exploration work completed by A.E. Hodsdon indicates that the sand 

and gravel aquifers along the Carrabassett River has the capacity to produce 500 gpm of 

supply, but it would likely come from multiple smaller capacity wells.  Further 

exploration  work  is  required  on  the  south  side  of  the  Carrabassett  River  that  was  

investigated by A.E. Hodson to develop a higher yield well supply.  There are additional 

areas with limited site access down gradient from the existing test wells that could be 

explored to develop a high yield water supply.    

6. The SWA will continue to rely on the West Mountain Treatment Facility to meet peak ski 

season water demands unless the capacity can be replaced through a combination of 

storage and additional supplies.  Construction of a new storage tank, development of 

additional smaller yielding groundwater sources, and redevelopment of the Brackett 

Brook water supply would reduce the reliance on the West Mountain Treatment Facility. 

7. It is recommended that SWA consider treating Well #8 with the Isolux treatment system 

as a lower cost solution.  The system should be pilot tested prior to confirm performance 

efficiency prior to implementing a full scale system.   

8. It is recommended that SWA complete a short-term pump test of East Mountain Test 

Well H3 and collect water quality data.  The construction data suggests that this well is a 

potential 20 – 30 gpm supply.   

9. The SWA should consider groundwater exploration work in Area 1 shown in Appendix 

D to develop replacement wells for Well #3.     

10. Additional evaluation of the Brackett Brook supply, treatment, and regulatory 

requirements is recommended.  Brackett Brook Reservoir has a 600,000 gallon capacity 

that could be used to store raw water that can be treated to meet peak weekend demands 
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during the ski season.  The cost of constructing a treatment facility, seasonal base flows, 

and Chapter 587 regulatory requirements must be evaluated in greater detail.     



Section 4
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SECTION 4 

CAPITAL IMPROVEMENT PROGRAM 

 
4.1 CAPITAL IMPROVEMENT PROGRAM AND PRIORITY 

4.1.1 Objective 

The goal of the capital improvement program (CIP) is to meet the following objectives: 

 To identify and correct deficiencies in the water system. 

 To effectively time and schedule capital improvements to take advantage of the 

Association’s depreciation financing and debt retirement schedule to minimize rate 

impacts. 

 

4.1.2 Capital Improvement Program 

The proposed capital improvement program has been developed from analyses presented in this 

report. All improvements and recommendations have been prioritized based on the following 

criteria: 

 Water supply and storage limitations 

 System reliability 

 Infrastructure maintenance   

 Water quality 

 Capital budget limitations and need to fund other capital projects beyond the scope of this 

report and other SWA expenses.   

Recommended improvements have been organized into the following three prioritized 

categories: 
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Short-term Improvements (High Priority) – Short-term improvements are the highest priority 

recommended for completion during the period of from 2014 to 2020.  Short-term improvements 

focused on addressing the most important short-term needs of the system such as improving the 

water supply capacity/storage volume to ensure uninterrupted water service to customers during 

periods of highest water demand during the ski season.  In addition, critical maintenance projects 

that impact the reliability of the water system or water quality were given highest priority in this 

plan.   

 

The distribution projects identified as highest priority include: 

 

Year 2014 - 2016 

 Storage Tank– Providing additional storage to address the system storage deficit and to 

improve  system  reliability  to  meet  peak  ski  season  demands  is  an  important  project  to  

consider as a short term capital project.   

 East  Well  H3 Testing  –  It  is  recommended that  SWA complete  a  short-term pump test  

and  water  quality  testing  of  Well  H3 to  determine  if  development  as  a  water  supply  is  

feasible.     

 Brackett Brook Redevelopment Study – Additional evaluation of Chapter 587 

regulations, brook water quality, treatment technology screening, and capacity of the 

brooks is recommended if SWA chooses to pursue future redevelopment of the water 

supply.   

 Raw Water Pump Station Wetwell Protection – The open grating over the raw water 

wetwell should be enclosed to prevent the possibility of contamination of the raw water 

supply.     

 Reservoir Inspection and Access Hatch Upgrades – The roofing membrane around the 

access hatches has failed and creates the potential for surface water infiltration into the 

reservoir.  It is recommended that the reservoirs be inspected to assess the condition of 

the tank interior and roofing membrane.  The project would also include upgrade of the 

access hatches to improve reservoir security and access.   

 Sandy River PRV Station Upgrades –It is recommended that an upgrade project include 

building insulation replacement/addition, window/door replacement, replacement of the 
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4” PRV to 6” to improve fire flows, and relocation of piping in the below grade pit to the 

at grade building.   

 Riverside PRV Station Upgrades – The pump station drywall has been water damaged 

and should be replaced.  It is recommended that an upgrade project include interior 

drywall replacement, building insulation replacement/addition, window/door 

replacement, replacement of the 4” PRV to 6” to improve fire flows, and relocation of 

piping in the below grade pit to the at grade building.   

 Well #8 Treatment – The project includes pilot testing and possible addition of an Isolux 

treatment system to reduce arsenic concentrations to below levels below the MCL of 10 

ppb to allow future use of this source.      

 SCADA System Upgrade – The existing SCADA system hardware and software is 

approximately 9 years old and the system will require upgrades to maintain system 

reliability and software support.  The existing iFix 4.0 software version runs on Windows 

XP, which is no longer supported by Microsoft.  The upgrades would include a new 

server  and  desktop  computer  stations  that  run  a  current  version  of  windows  that  is  

compatible with the current version of iFixTM.  The existing iFixTM license is currently at 

its available I/O tag capacity and must be expanded to provide additional network control 

and monitoring locations.  The PLC at the filter plant dates back to 1997 and should be 

replaced with a non-proprietary processer that that can be maintained and modified by 

SWA’s integrator or water operators.   The proposed upgrades will improve available 

support/system reliability, improve in-house diagnostics and repair, and improve SCADA 

integration as technology continues to evolve during the capital planning period.   

 

Year 2017 - 2020 

 East Reservoir Building/Well #5 and #6 Buildings/Variable Frequency Drives - It is 

recommended that the buildings be replaced and variable frequency drives be installed 

for Wells #5 and #6 to improve optimization of the highest yield wells in the system.  The 

drives would provide the flexibility to pump the wells longer at lower flow rates and 

provide flexibility to respond to changing groundwater levels to optimize the amount of 

water that can be extracted from these sources.   A new East Reservoir Building should 

house the variable frequency drives for Well #5 and #6.  A small replacement building at 
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Well #5 and #6 would be constructed to house telemetry equipment and well 

instrumentation.  

 Mountainside Pump Station Generator – Mountainside Booster Pump Station is critical 

infrastructure that is required to supply water to the East Reservoir from Wells #2 and #4 

and the West Reservoir.  It is recommended that an emergency generator be installed to 

provide standby power for this facility.   

 Bigelow PRV Station Upgrade – The Bigelow Mountain PRV Station is in need of 

exterior building repairs, repainting of interior piping, and various interior building 

upgrades.   

 Well #1 Building Replacement and Generator Relocation – The building for Well #1 is in 

poor  condition  and  should  be  replaced  as  a  short-term  priority  upgrade.   It  is  

recommended a new wood framed building be constructed adjacent to the existing 

building and the well head be extended above grade.  The Well #1 flow meter would be 

installed in the new building along with relocate of electrical distribution system as part 

of  the  building  upgrade.   It  is  also  recommended that  the  SWA consider  relocating  the  

emergency generator for Wells #1, #5/#6, and the East Reservoir to the Laboratory 

Building site where it would be more easily accessible for maintenance during the winter 

and would be located closer to the propane storage tanks.  It is recommended that 

additional evaluations be completed to determine the cost of generator relocation.    

 

Preliminary planning estimates for short term improvements are presented in Table 4-1 on the 

following page.   
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TABLE 4-1 
RECOMMENDED CAPITAL IMPROVEMENT PLAN 

SHORT TERM IMPROVEMENTS 
 

Year Short-term Improvements (2014-2020)     Estimated Budget1 

 
2014 - 2016  
 Storage Tank        $900,000 
 East Well H3 Testing       $10,000 
 Brackett Brook Redevelopment Feasibility Study    $20,000 
 Raw Water Pump Station Wetwell Protection Upgrade   $15,000 
 Reservoir Inspection and Access Hatch Upgrades    $25,000 
 Sandy River PRV Station Upgrade      $85,000 
 Riverside PRV Station Upgrade      $85,000 
 Well #8 Treatment Upgrade      $16,000 
 SCADA Upgrade        $80,000 
   
2017 – 2020 
 East Reservoir Building/Well #5/#6 Building/VFD’s    $150,000 
 Mountainside Generator       $85,000 
 Bigelow PRV Station Upgrade      $25,000 
 Well #1 Building Replacement/Generator Relocation    $150,000 

        Total  $1,646,000 
Notes:   

1.  All Costs are reference to July 2014 ENR Cost Index. Costs should be adjusted accordingly when planning future projects when 
exact dates are known for designing and constructing each project.  Project costs should be re-evaluated prior to preparing and 
submitting of applications for federal or state funding assistance.     

 

Intermediate-term Improvements (Medium Priority) – Intermediate-term improvements are 

recommended for completion between year 2021 and year 2027. The intermediate priority 

projects are aimed at improving system reliability through water supply exploration, replacement 

of infrastructure that has exceeded its life cycle, water main looping to improve water age and 

system reliability.  The projects are briefly described as follows: 

 

Year 2021 - 2023 

 Groundwater Exploration – It is recommended that the SWA consider bedrock well 

exploration in unexplored areas described in Section 3 to supplement the supply from 

Well  #2  and  #4  and  as  a  possible  replacement  for  Well  #3.   The  SWA  should  also  

consider further investigation of high yield screened gravel wells along the south side of 

the Carrabassett River in the area where previous work has identified a 160 gpm – 170 

gpm supply from three 8” wells.  A budget allocation has been included in the CIP, 
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which should be reviewed by SWA based on the direction of future groundwater 

exploration work 

 Horsebarn PRV Station Upgrades – The existing PRV station is located in a below 

grade concrete pit that is difficult to access and requires confined space entry.  It is 

recommended that the SWA consider relocating the PRV station up gradient to a more 

accessible location and based on a design similar to the Timbers/Hardwood PRV 

stations.   

 

Year 2024 - 2027 

 Reservoir Membrane Roof Replacement – The reservoirs were constructed in 1997 and 

the roofing membranes will be 23 years old in 2020.  It is recommended that the SWA 

plan for replacement of the roofing membranes during this time period.   

 East Mountain Water Main Looping – The project would include construction of 

approximately 700 ft. of 8” water main from the intersection of Old Inn Road-

Mountainside Road to Woodley Creek Road to create redundancy for the water main on 

Old Inn Road, which supplies all water to the low zone from the middle zone.   

 

TABLE 4-2 
RECOMMENDED CAPITAL IMPROVEMENT PLAN 

INTERMEDIATE TERM IMPROVEMENTS 
 

Year Intermediate-Term Improvements (2021-2027)    Estimated Budget 1,2 

 
2021 - 2023 Groundwater Exploration/Development     $75,000 
 Horsebarn PRV Upgrade       $200,000 
 
2024 - 2027 Reservoir Membrane Roof Replacement     $240,000 
 East Mountain Water Main Looping (700 ft. of 8” water main)   $140,000 
  

        Total  $655,000 
Notes:   

1.  A unit price $200/ft. is assumed for 8-inch ductile iron water main installation.  Ledge cost estimates are indeterminate.  Ledge 
probes should be completed to estimate ledge quantities and total construction cost prior to completing a water main project.     

2.  All Costs are reference to July 2014 ENR Cost Index. Costs should be adjusted accordingly when planning future projects when 
exact dates are known for designing and constructing each project.  Project costs should be re-evaluated prior to preparing and 
submitting of applications for federal or state funding assistance.     
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Long-term Improvements (Low Priority) – The time period of long-term improvements are 

quite speculative beyond 2027, and should be reassessed periodically during the planning period.   

The long term projects are summarized in Table 4-3 and include additional water main looping 

to improve system reliability, enhance fire protection, and improve water quality.  In addition, 

upgrades to Well #2 infrastructure should be considered during this time period.  It is likely that 

upgrades to the West Mountain Treatment Facility will be required during this time period, 

which should be re-evaluated every 5 years as infrastructure condition and regulatory changes 

may dictate schedule for upgrades.   

 

Year 2027 - 2034 

 West  Mountain  Booster  Pump  Station  -  This  project  includes  the  construction  of  a  

booster pump station at the proposed new tank location to pump water to the West 

Mountain to improve the reliability of the water supply.     

 West Mountain Water Main Looping – The project would include construction of 

approximately 1,000 ft. of 8” water main the end of the main on Riverside Drive along 

Kennebec Circle to connect to the water main on Black Nubble Road.  The project 

would eliminate two dead end mains, improve water quality, and provide redundancy 

for a single water that supplies water to water mains at Black Nubble Road and 

Kennebec Circle.   

 Well #2 Upgrade – As discussed in Section 1, the well head of Well #2 is protected by a 

small wood framed structure and the isolation valves and flow meter are located in a 

below grade pit.  The electrical distribution equipment and control system hardware is 

located inside the hotel.  Proposed long-term upgrades include construction of an above 

grade building to house the flow meter and electrical/instrumentation equipment for 

Well #2. 
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TABLE 4-3 
RECOMMENDED CAPITAL IMPROVEMENT PLAN 

LONG TERM IMPROVEMENTS 
 

Year Long-Term Improvements (2028-2034)     Estimated Budget1,2 

 
2027 - 2034 West Mountain Booster Station      $400,000 
 West Mountain Water Main Looping     $200,000 
 Well #2 Upgrade                              $150,000 

        Total  $750,000 

Notes:   
1.  A unit price of $200/ft. is assumed for new 8-inch ductile iron water main installation.  Ledge cost estimates are indeterminate.  

Ledge probes should be completed to estimate ledge quantities and total construction cost prior to completing a water main 
project.     

2.  All Costs are reference to July 2014 ENR Cost Index. Costs should be adjusted accordingly when planning future projects when 
exact dates are known for designing and constructing each project.  Project costs should be re-evaluated prior to preparing and 
submitting of applications for federal or state funding assistance.     

 

The capital improvement program is intended to be flexible and subject to adjustment and 

modifications  as  regulatory  or  financial  conditions  change,  or  when  other  system  needs  are  

identified and prioritized. Long-term projections should be reviewed and reevaluated 

periodically to assure that initial assumptions remain relevant and accurate. Specific annual 

scheduling of improvements within each major time category (e.g. short term, etc.) should also 

be periodically reassessed to assure maximum financial benefit in any given year. Annual 

depreciation spending will vary annually and could affect water rates if not scheduled 

appropriately. 

 

4.2 FINANCIAL PLANNING 

It is recommended that the SWA develop a long-term financial plan to review various options for 

financing the recommended capital improvement plan including through a combination of water 

rates, debt retirement scheduling, and funding programs such as the State Drinking Water 

Program State Revolving Fund.  The SWA should review the adequacy of depreciation expenses 

with respect to value and service life of current infrastructure as part of a long-term financial 

plan.   
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4.2.1 Planning for Capital Improvements 

This report has presented recommendations for capital improvements for three distinct time 

periods: 

 Short term (present – 2020), generally including high priority items 

 Mid-term (2021 – 2027), intermediate priority projects 

 Long-term (2028 – 2034), lower priority or long term projects 

 
There are many variables and unknowns that can impact the capital plan, financing options and 

other SWA operations and policies, that projections beyond 2025 are quite speculative. 

 

In general, major assets that have long design life cycles are best to be financed through issuance 

of bonds.  While there are exceptions to this broad policy statement, the funding of major assets 

over a longer life (through bonds) will better approximate the asset’s service life and spread the 

payments over that longer life.  Customers that receive the benefit over many years will pay for it 

over  time.   On  the  other  hand,  small  regular  capital  items  are  often  better  to  finance  out  of  

current revenues – pay as you go (PAYGO) financing.  Because the costs are relatively small and 

tend to recur, customers receive equal treatment in paying for this type of asset on a regular 

basis. 

 

4.2.2 Adequacy of Revenue 

The SWA should maintain an adequate contingency fund that can be used for a multitude of 

purposes.  Such funds are commonly used to: 

 Provide funds for cash flow variations.  Water utility revenues are particularly variable 

throughout the year due to changes in weather.   

 Provide rate stabilization funds in case revenues fall below expected levels.  Because 

water sales can be dependent on external factors (rainfall, temperature, economy, etc.) it 

is prudent to retain a contingency fund to make up for unexpected and uncontrollable 

drops in water sales and revenues. 

 Provide cash for minor capital projects.  Capital investments in water facilities are can 

vary significantly.  This can be seen in the projected annual CIP recommendations that 
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vary from the hundreds of thousands to tens of thousands.  With changing interest rates 

on borrowing, it is also wise to keep cash on hand for paying for needed improvements if 

borrowing costs (interest rates) are comparatively high. 

 Allow for flexibility in rate increases.  Sometimes a large annual rate increase is needed 

followed by much smaller increases.  Having contingency funds on hand will allow the 

District to use some cash to reduce increases in years when the need may be high and to 

smooth the annual increases, making public acceptance easier. 

 

The SWA should complete a financial forecast to project future water rate requirements to fund 

operational expenses, operations and maintenance, and capital projects presented in the Capital 

Improvement Plan.  It is recommended that the SWA evaluate the adequacy of existing rates to 

meet operational and capital expenses on an annual basis and complete rate adjustments 

biannually or every three years as a maximum interval between rate adjustments.   
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