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Section 1 
EXISTING FACILITIES/EVALUATION AND RECOMMENDATIONS 
 
The Berkeley County Public Service Water District (BCPSWD) currently operates their Potomac River 
Water Treatment Facility for approximately 15-16 hours per day, while producing 3.5-4.0 million gallons 
of potable drinking water per day. This equates to an average daily plant operational flow rate of 4,167 
gallons per minute (GPM) or 6.0 million gallons per day (MGD). The existing raw water intake located on 
the Potomac River and the water treatment facility are both designed to produce 6.0 MGD in 24 hours. 
BCPSWD also has three (3) wells which are tied into the raw waterline of the treatment plant. 
 
Berkeley County is the fastest growing county in West Virginia. Interstate I-81 runs directly through the 
center of Berkeley County, generally north and south. BCPSWD recently began to serve potable water to 
Procter & Gamble Company (P&G) located in Martinsburg, WV. P&G currently consumes about 700,000 
gallons per day. This large industrial consumer is expected to need 1.0 million gallons of water per day in 
2020. The County has made approximately 1,000 new water service connections in 2019, with each 
connection using about 3,000 gallons per month.  
 
The existing Potomac River intake structure consists of two (2) tee screens with an automatic air backwash 
system and three (3) vertical turbine raw water intake pumps. The Potomac River Water Treatment 
Facility consists of the following treatment: chemical coagulation, rapid mixing, flocculation, 
sedimentation, submerged membrane microfiltration, chlorine gas disinfection and fluoridation.  
 
Recent increases in water system demands and existing system capabilities have forced the BCPSWD to 
evaluate the long-term viability of their water supply system. To comply with the requirements of the 
current and future anticipated regulations and to meet projected future demands, the BCPSWD is 
considering upgrading their Potomac River intake and WTF to produce 10.0 MGD in 24 hours. 
 
Gwin, Dobson & Foreman, Inc. (GD&F) has thoroughly evaluated the existing treatment facility components 
and conditions. GD&F also identified the treatment components needed to provide a viable treatment 
system to meet the long-term needs of the system and to comply with future drinking water standards. 
Table 1 below summarizes the major water treatment facility process calculations and recommendations. 
The detailed process equipment and sizing calculations are included in Appendix A. 
 

TABLE 1. MAJOR WATER TREATMENT FACILITY PROCESS CALCULATIONS AND RECOMMENDATIONS 
Item  Units  Existing  Future  Comments  

Plant Capacity MGD 6 10 Proposed Design Capacity = 10 MG 
produced in a 24-hour period. 

Rapid Mix Units       

Originally sized for future 12 MGD 
capacity. No improvements necessary. 

Number no. 2 2 
Water Depth ft. 8 8 
Volume (each) gal. 2,154 2,154 
Volume (total) gal. 4,308 4,308 
Total Detention Time (DT Total) sec. 60 37.2 
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Item  Units  Existing  Future Comments  
Flocculation Basins    

Originally sized for future 12 MGD 
capacity. No improvements necessary. 
However, utilizing only 1 basin does 
not meet regulations. 

Type (3-stage)    
Number of Trains no. 2 2 
Size (Length & Width) ft. 21 x 21 21 x 21 
Water Depth ft. 13.5 13.5 
Volume (each) gal. 44,532 44,532 
Volume (total) gal. 133,596 133,596 
Detention Time (DT) min. 33.7 20.19 
Total Detention Time (DT Total) min. 67.4 40.38 
Sedimentation Basins    Original design anticipated expansion 

of facility to 12 MGD. Recommend 
doubling sedimentation basin size to 
meet 12 MGD capacity as part of this 
project. 

Number no. 2 4 
Volume (each) gal. 561,608 561,608 
Volume (total) gal. 1,123,216 2,246,432 
Detention Time (DT) hr. 2 2.7 
Total Detention Time (DT Total) hr. 4 5.4 
Submerged Membrane Filters         
Type       0.04 Micron PVDF Modules 
Number of Cells no. 4 6  

Size 

   

Two (2) additional 2 MGD units are 
required for a total treatment capacity 
of 12 MGD; however, one (1) Unit is 
Required for Redundancy. 

     Length ft. 10 10   
     Width ft. 8.66 8.66   
     Depth ft. 12 12   
 Max. Flux Rate Per Cell GFD 30 30   
Total Filtration Rate MGD 8 12   
Filtration Rate Per Cell MGD 2 2   
Clearwell/Chlorine Contact Time     
Size (Length & Width) ft. x ft. 69' 2" x 78" 69' 2" x 78" One (1) basin with two (2) trains 

currently exists. No upgrades required 
to meet 4-log virus removal. Also, 
disinfection system is fully capable of 
achieving 0.5-log Giardia inactivation at 
10 MGD flow rate at worst case water 
quality conditions if chlorine residual is 
1.8 mg/L or above. 

Max. Water Depth ft. 10 10 
Volume (Total) gallon 359,653 359,653 
Effective Volume gallon 251,757 251,757 
Detention Time (DT) min. 86.31 51.79 
Detention Time (DT10/DT) min. 60.42 36.25 

Baffling Factor (BF)  0.7  
Storage Tank/Chlorine Contact     
Size volume 1,500,000 1,500,000 

1.5 MG storage tank will provide 
adequate CT at proposed 10 MGD rate 
- no improvements needed. 

Min. Water Depth ft. 7 7 
Max. Water Depth ft. 19.5 19.5 
Min. Volume gallon 525,000 525,000 
Max. Volume gallon 1,500,000 1,500,000 
Minimum Detention Time (T10) min. 126 75 
Maximum Detention Time (T10) min. 360 216 
Max. Effective Detention Time min. 43.10 21.60 
Baffling Factor (BF)  0.1 0.1 
Disinfection (0.5-log Giardia)    CT = chlorine residual, mg/L x DT10, min 

CT Value for 0.5-log removal at 0.5 
degrees C, 8.0 pH and 1.6 mg/L CL2 
residual. 

Chlorine Residual mg/l 1.6 1.6 
CT Value Provided mg/l 108.75 92 
CT Value Required mg/l 56 56 
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Item  Units  Existing  Future Comments  
Sludge Lagoons    *The calculations assume a maximum 

solids loading condition. Actual loading 
will vary based on source water 
condition. No improvements are 
proposed for the sludge lagoons. Note 
that the existing number of days to fill 
lagoons is based on a much lower 
coagulant dosage in original design 
engineer's report. 

Solids Production    
Number No. 2 2 
Storage Volume (each) ft.3 53,280 53,280 
Storage Volume (total) ft.3 106,560 106,560 
Anticipated Max. Sludge ft.3/day 305* 2,397* Production 
Approximate Number of Days to 
Fill Lagoons days 349 44 

UV System    Each UV unit has a recommended 
capacity of 4,200 gpm for a total of 
8,400 gpm (12 MGD). Running both 
units together provides more than 
adequate capacity for the expansion 
with no redundancy. 

Number No. 2 2 

Capacity gpm 
(ea.) 

4,200 4,200 

 
A. Existing Potomac River Raw Water Intake 
 

The existing Potomac River intake and pumping station was designed by RK&K and completed in 
2006. There are two (2) 3-foot diameter copper nickel alloy 3mm tee screens. Each screen is 
designed for 12 MGD with supply lines extending out into the bottom of the Potomac River. The 
screens are enclosed and protected by concrete sidewalls and a secondary coarse bar screen 
overtop of the tee screens. The operators reported that as the river level is steadily rising, they 
have problems sustaining a steady and adequate raw water flow rate into the wet well. 
Continuous air bursting does not have an effect on this problem. There is currently only one (1) 
air compressor to supply air to the receiver tank utilized for the automatic air burst tee screen 
cleaning system. 
 
Three (3) vertical turbine raw water intake pumps each sized for 3,000 GPM (4.32 MGD) at 160' 
TDH convey water to the Potomac River Water Treatment Facility. The existing raw water intake 
pumps were Goulds; however, they have been replaced with Peerless pumps of the same design 
capacity. Pump No. 1 was replaced in 2016, Pump No. 2 was replaced in 2017 and Pump No. 3 
was replaced in 2012. The current average river raw water flow rate is about 3,400 GPM and two 
(2) pumps normally run at the same time to produce the required flow rate.  
 
GD&F Evaluation 

 
GD&F performed design calculations of the existing raw water intake pumps based on the October 
2006, RK&K drawings and the November 6, 1992, Acer Engineering & Consultants, Inc. drawings. 
GD&F also worked with the plant operators to perform various river intake pump tests to obtain 
various wet well levels, pump speeds, output flow and pump discharge pressure readings. Based 
on the results of these field tests, the pump calculations and existing Peerless Pump curves, it 
appeared that there was an issue with pump outputs. In summary, it appeared that two (2) pumps 
running near 95% speed were required to produce the flow that a single pump should be 
producing at the same speed. It was also noted to the operators that the intake wet well level 
sensor was not reading properly and should be replaced. The operators have since replaced this 
level sensor and it is now displaying the proper wet well level. 
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Upon further investigation, it was determined that the raw water pump flow rate setpoints at the 
local pump control panels were set incorrectly. A single pump was set to run at a flow rate 
between 1 and 2,000 GPM. This was quickly adjusted and the pump test was performed again. 
Based on the pump curves and field tests, a single pump should be capable of about 3,500 GPM 
at 100% speed; however, operating a single pump manually at 100% speed resulted in a maximum 
flow rate of only 2,600 GPM. GD&F recommends running one (1) pump manually and closing the 
pump discharge valves on the other raw water pumps to confirm that the check valves are not 
partially stuck open. Two (2) pumps were operated at 100% speed which resulted in a raw water 
flow rate of 4,600 GPM or 6.63 MGD. All three (3) raw water pumps were then tested at 100% 
speed which resulted in a flow rate of 5,550 GPM. Thus, the maximum output of the raw water 
pumps is about 5,550 GPM or 8.0 MGD.  
 
There is approximately 3,300 linear feet of existing 20" ductile iron raw water intake supply pipe 
from the existing intake building to the old water treatment plant. Per the GD&F river intake pump 
headloss calculations, there is approximately 14 feet of headloss in this 20" waterline at 4,164 
GPM (6.0 MGD). At the proposed design flow rate of 10 MGD (6,940 GPM), the estimated headloss 
in the 20" diameter portion of the waterline would be approximately 38 feet of headloss. This 
increase in headloss is not considered drastic, given the significant flow rate increase. The pipe 
velocity through a 20" ductile iron pipe at 10 MGD is 6.7 feet per second, which is well below the 
design standard for ductile iron pipe. Please refer to Appendix B for the existing and proposed 
raw water river intake pump calculations. 

 
GD&F also evaluated the 2005 as-built intake and pump station drawings as prepared by RK&K, 
directly pertaining to the layout of the intake screens. Upon review of the drawings, it was noted 
that the centerline of the intake screens are located at elevation 309.5 and the river bottom is at 
elevation 313. Thus, the bottom of the screens are located about 5 feet below the river bottom. 
The screens are located in a four (4) sided concrete vault with steel grating overtop the screens. 
Please refer to Appendix C for the attached RK&K drawings Sheet C-4 and C-5. Since the screens 
are located below the normal riverbed, it is likely that sediment and debris would enter through 
the top coarse bar screen and settle into the bottom of the vault. It is possible that heavy sediment 
and debris would remain in the vault, covering a portion of the screen and thus restricting flow. 
Another outcome could be that material is entering the vault; however, the airburst system is not 
easily passing the material up through the steel grating. Another issue could be a buildup of fine 
sediment in the supply lines to the wet well.  
 
Both primary electrical feeds to the intake building are rated for 1,200 Amps of service. The 
existing raw water pumps are 150 HP. The proposed pump motors required to produce 10 MGD 
are 250 HP. The existing electrical service into the raw water intake building is suffice. New motor 
disconnects, VFDs and associated upsized wire and conduit would be required to accommodate 
250 HP motors. 
 
GD&F Recommendations 
 
GD&F recommends draining the wet well and inspecting it for sediment. If a large amount of 
sediment is present, the wet well and supply lines should be cleaned and inspected yearly. The 
river intake vault should also be inspected by a diver. It is suspected that sediment and large debris 
may be entering the vault since it is located below the river bed and the large debris is not 
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escaping from the vault during an air burst. This debris could be filling the vault and partially 
covering the tee screens which would restrict flow through the screens. If this is the case, perhaps 
a secondary bar screen with tighter spacing could be more effective. Alternatively, the secondary 
screen may need to be removed. Another theory is that as the river velocity increases across the 
screens, it creates an eddying effect that restricts the flow through the screens. Further 
recommendations can be provided based on the results of the inspections. 
 
Another river intake screen at a higher elevation would provide the District with more flexibility 
and redundancy during high river events. A single 12 MGD screen could be installed on the 
riverbank at about elevation 325'. A concrete structure should surround 3 sides of the screen with 
grating on top and with the downstream portion of the concrete structure open to assist in debris 
removal following an airburst. The screen and wet well supply line would have to avoid the 
existing concrete retaining wall between the river and intake building. The downside to this 
second intake would be that it could only be used when the river levels are high. An Army Corps 
permit would be required, along with a temporary cofferdam and associated dewatering for the 
installation. The estimated construction cost to install a new 12 MGD tee screen, concrete vault, 
wet well supply line, air supply line, valves and appurtenances is $500,000. 
 
GD&F recommends installing two (2) adequately sized air compressors for the tee screen cleaning 
system. The existing compressor reportedly fills the receiver tank in about 45-minutes. Air 
compressors are normally sized to fill the tank in no less than 15 minutes. Due to the current air 
fill rate, the District has to occasionally bring in another temporary air compressor to fill the 
receiver tank during storm events. The estimated cost to install two (2) new adequately sized air 
compressors and all associated appurtenances is $46,000.  
 
GD&F also recommends making the two (2) existing 30-inch wet well supply line valves 
automated. There are generally multiple occasions per year, that require the operators to close 
the wet well supply line valves such that the air from the screen cleaning system does not backup 
into the wet well. These 30-inch valves are very difficult to manually operate due to their size and 
stem length, thus automated valves should be provided and wired into the airburst control panel. 
The estimated cost to install actuators and controls on the existing valves is $7,500. 

 
GD&F does not recommend replacing or upgrading the existing 20" ductile iron raw water line 
from the intake to the treatment facility at this time. The waterline was installed in 1992 and 
features cement lined ductile iron pipe with restrained joints and thrust blocks. The anticipated 
pipe velocities and pressures at 10 MGD are well below the design standards for ductile iron pipe. 
However, if a 12 MGD river raw water flow rate is proposed, and/or if pipeline redundancy is 
desired, a new waterline should be constructed from the intake to the treatment facility. 
 
To accommodate a 10 MGD flow rate, GD&F recommends replacing all three (3) pumps, motors 
and variable frequency drives such that each pump is rated for 5 MGD (3,470 GPM) at 210 feet 
TDH. The new pumps/motors would be 250 HP. The estimated cost to replace all three (3) pumps 
with new pumps and motors is $825,000. It is possible to reuse the existing pump discharge head 
and columns, which would save about $25,000, per pump. Also, the 16" diameter pump discharge 
line would need to be replaced due to excessive headloss and velocity at 10 MGD. New check 
valves, isolation valves and fittings ranging in size from 20-24" would be necessary up to the 24" 
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tie-in located on the first floor level of the intake building. There are two (2) separate, adequately 
sized, primary power feeds to the intake building, thus satisfying the emergency power 
requirements. The total estimated cost to make the raw water pump upgrades is $1,125,000. 
 
There have been notable power outages throughout the life of the Potomac River Intake that have 
resulted in both primary feed outages. Given the significance of the intake to the water system, it 
is recommended to install an emergency generator capable of operating two (2) proposed 250 HP 
intake pumps. This results in a 600 Kw generator with outdoor enclosure, two (2) disconnects, an 
automatic transfer switch with bypass and associated wiring and conduit. The total estimated cost 
to install a 600 kW generator at the intake site is $270,000. For purposes of this report, it is 
assumed that the generator can be installed on existing District property. 
 
The plant SCADA and raw water intake telemetry system is not currently programmed such that 
all three (3) Potomac River raw water pumps can run in "Auto" mode. This programming change 
is required such that the pumps can be used to successfully supply the plant with the maximum 
amount of raw water available. 
 
There is currently no way of initiating an air burst remotely, it must be performed at the intake 
building. Consideration should be given to have the ability to remotely initiate an airburst from 
the water treatment facility. If this option is selected, a camera should also be added to the intake 
building such that an airburst can be witnessed from the water treatment plant. 
 

B. Existing Wells Feeding WTF 
 

There are three (3) existing wells that were constructed in 2009, which are tied into the raw 
waterline of the treatment facility. These wells are considered surface water influenced and are 
known as Wells A, B and D. The total capacity of these wells is as follows: 700 GPM (A), 700 GPM 
(B) and 500 GPM (D). Well D became very dirty after two (2) years of running and capacity began 
to dissipate. A new pump was installed this year; however, this well is seldomly used. The wells 
are generally used in the summer months to help lower raw water total organic carbon (TOC) 
concentrations, which reduce the formation of disinfection byproducts in the finished water. The 
wells are also utilized in the winter months to increase the raw water temperature of the river, 
which helps to minimize ice formation in the sedimentation basins. The wells are generally of good 
water quality with low levels of metals such as iron and manganese. When the wells are online, they 
generally produce 1,200 GPM of raw water flow from Well A and B combined. The total maximum 
available output with all three (3) wells running concurrently is 1,800 GPM. 
 
GD&F Recommendation 
 
The wells should continue to be utilized as a source of blended raw water feed to the Potomac 
River WTP. They have low total organic carbon content and low turbidity along with consistent 
temperatures which greatly enhance the finish water quality of the treatment facility. They also 
assist with seasonal operational issues and act as a source of raw water backup.  
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C. Raw Water Chemical Feed Systems 
 

The raw water chemical feed systems consist of liquid sodium permanganate, two (2) coagulants 
and powdered activated carbon (PAC). Refer to Table 2 below for a summary of all liquid and 
gaseous chemical feed system usages over a recent four (4) month period. The treated water 
chemical feed systems including hydrofluosilicic acid and corrosion inhibitor systems will be 
discussed later in the report. 
 

TABLE 2. LIQUID CHEMICAL FEED SUMMARY 

DATE 
  

Delpac Hydrofluosilicic 
Acid 

Corrosion 
Inhibitor  Permanganate Chlorine 

Gas    
  lbs ppm lbs ppm lbs ppm lbs ppm lbs ppm 

19-May 

TOTAL 59,179 - 2,428 - 2,015 - 1,879 - 2,008 - 
AVG 1,909 67.8 78.3 2.8 65 2.3 60.6 2.1 64.8 2.3 
MIN 1,078 34.5 57 1.9 47 1.4 32 1.1 50 2 
MAX 3,069 100.1 118 3.8 96 3.4 86 2.7 77 2.7 

19-Jun 

TOTAL 39,639 - 2,342     -  2,238    -  2,026    -  2,002   - 
AVG 1,321.30 45.1 78.1 2.7 74.6 2.6 67.5 2.3 66.7 2.3 
MIN 637 24.1 37 1.4 58 2 50 1.8 54 1.8 
MAX 1,844 65.5 102 3.3 96 2.7 80 2.8 93 3.1 

19-Jul 

TOTAL 51,193   -  2,380     -  1,902    - 2,418 - 2,996 - 
AVG 1,651.40 52.1 76.8 2.4 61.4 1.9 78 2.5 96.6 3 
MIN 883 32.8 50 1.6 41 1.3 39 1.3 48 1.8 
MAX 2,148 65.4 100 3.1 89 2.8 150 5.4 133 4 

19-Aug 

TOTAL 56,987 - 2,068     -  1,792 - 3,006 - 2,975 - 
AVG 1,838 73.3 67 2 58 1.8 97 3 96 2.9 
MIN 599 18.2 45 1 2 0.1 16 1.8 64 2 
MAX 2,895 603 102 2.8 122 3.8 127 3.9 120 3.5 

Overall 

TOTAL 206,998 - 9,218 - 7,947 - 9,329 - 9,981 - 
AVG 1,682.90 59.7 74.9 2.5 64.6 2.1 75.8 2.5 81.1 2.6 
MIN 599 18.2 37 1 2 0.1 16 1.1 48 1.8 
MAX 3,069 603 118 3.8 122 3.8 150 5.4 133 4 

 
Permanganate is fed to oxidize the soluble metals such as iron and manganese. It is also fed to 
treat algae and other taste and odor compounds in the raw water. Two (2) different types of 
coagulants are fed concurrently, one (1) is a general coagulant (DelPAC 2020) and one (1) is 
specifically formulated for increased TOC removal (DelPAC 2950). A 6,600 gallon bulk tank for 
each coagulant type feeds a PVC day tank with electronic scale. A spare bulk (caustic) chemical 
feed tank, scale and feed station exists that is not currently in use. PAC is fed as needed to treat 
the raw water for taste and odor compounds and also to assist in TOC reduction. The original LMI 
diaphragm chemical feed pumps for the coagulants and permanganate have been replaced with 
newer Blue-White Series A-3 peristaltic chemical feed pumps. It should be noted that only one (1) 
installed chemical feed pump currently exists for each station. During the site visit inspection, it 
was noted that the four (4) existing mud valves in the chemical containment areas are severely 
corroded and do not work.  
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The PAC chemical feed system is one that utilizes 900-1,000 pound supersacks of dry powdered 
activated carbon. The Siemens system utilizes a wetting cone, eductor and pressurized feed water 
to inject the chemical into the raw waterline. The maximum rated feed capacity of the system is 
250 pounds per day; however, the system is limited to about 35 pounds per day before clogging 
of the feeder is encountered. The PAC feed system has been problematic for many years now and 
requires a lot of operator attention. The PAC feeding process accumulates a lot of dust and it often 
clogs and overflows the wetting cone which makes a carbon slurry mess that often spills out into 
the membrane area. The PAC system is very sensitive to feed water pressure and flow. As these 
conditions change even slightly, the system tends to clog. Another reason for clogging is due to 
the volumetric feeder sending large pieces of carbon into the wetting cone. 
 
GD&F Recommendations 
 
The coagulant and permanganate liquid chemical feed stations are of adequate capacity to treat 
a 10 MGD flow rate; however, there is no pump redundancy. Note that it may take two (2) 
chemical feed pumps running simultaneously to meet the feed rate demand during certain time 
periods. GD&F recommends installing a spare chemical feed pump and new SCH 80 PVC piping at 
both coagulant feed stations and the permanganate feed station. The total estimated cost for 
three (3) new Blue-White peristaltic chemical feed pumps and associated piping is $20,000. GD&F 
also recommends replacing the four (4) chemical containment area mud valves with new 316 
stainless steel mud valves for an estimated cost of $8,000.  

 
The existing PAC feed system should be replaced entirely. The Siemens system has been 
problematic since startup and is obviously undersized in its current form to adequately treat 10 
MGD of raw water. An alternate manufacturer is recommended such as Acrison out of Moonachie, 
NJ or other. It is also recommended that the District visit a plant with a bulk PAC feed system of 
similar size and type, prior to design of a new feeder. The total estimated cost to replace the carbon 
feeder is $100,000. Please refer to Appendix D for information on an Acrison PAC feed system.  
 
GD&F also evaluated switching to a liquid carbon feed system. This would require a larger room 
with a carbon slurry bulk tank and continuous mixer. Liquid carbon is much more expensive in 
terms of price per pound given that you are paying for mostly water. Carbon slurry is very harsh 
on mixers, chemical feed pumps and valves due to its abrasive properties. For these reasons, 
switching to liquid carbon slurry is not recommended.  
 

D. Inline Static Mixer and Rapid Mixers 
 

The existing inline static mixer located in the basement is 24" diameter, ductile iron and contains 
3 stainless steel mixing elements. The current headloss through the mixer is less than 1.0 PSI at 6 
MGD. The mixer is fully capable of handling flows in excess of 10 MGD. The headloss through the 
inline static mixer at 10 MGD will increase to 2.32 PSI. This additional headloss is reflected in the 
raw water pump calculations. 
 
There are two (2) concrete rapid mix chambers each with 10 HP Anco (as manufactured by 
Enviropax) rapid mixers which operator at 50-60% speed. The rapid mix tanks are 2,154 gallons 
each which corresponds to 19 seconds of detention time at 10 MGD. The rapid mix tanks are 
designed for a future 12 MGD flow rate that complies with the Department's regulations of not 
more than 30 seconds. 
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GD&F Recommendations 
 
The inline static mixer, rapid mix tanks and mixers are adequately sized for a future 12 MGD 
flowrate, thus no upgrades are necessary at 10 MGD. The mixer motors and gearboxes are of 
original construction; thus, operation and maintenance funds should be allotted for their 
replacement upon failure.  

 
E. Flocculators 
 

There are six (6) total Anco (as manufactured by Enviropax) flocculators that make up a 3-stage 
flocculation process. Each flocculation basin is 44,532 gallons, for a total volume of 267,192 
gallons. The existing flocculators are 2 HP, 1 HP and 1/2 HP, respectively, with US Motors 
(Emerson). The mixers generally run at the following speeds: 55% (1st Stage), 37% (2nd Stage) and 
30% (3rd Stage).  
 
GD&F Recommendations 
 
The flocculators and associated tanks are adequately sized for a future 12 MGD flowrate, thus no 
upgrades are necessary at 10 MGD. A few mixer motors have been replaced. It is recommended 
to budget for at least three (3) new mixer motors and one (1) new gearbox as part of the upgrade 
project. The estimated cost for these items is $30,000.  

 
F. Sedimentation Basins 
 

There are two (2) existing sedimentation basins each sized for two (2) hours of detention time at 
6 MGD (4,200 gpm), thus giving a total detention time of four (4) hours at maximum plant flow. 
Each sedimentation basin contains two (2) compartments with two (2) weir gates, collector drives, 
weirs and troughs in each compartment. The chain and scraper sludge collectors are as 
manufactured by Siemens, each with a 0.5 HP drive motor. Sludge is collected in a concrete 
hopper area and is eventually transported to the lagoons for drying and disposal.  

 
GD&F Evaluation 

 
GD&F considered future expansion and physical building construction conditions when evaluating 
the sedimentation basins. For the purposes of this report, technically only four (4) hours of 
detention time is required at 10 MGD. Since the intake screens, rapid mix and flocculation basins 
are sized for 12 MGD, the District would be restricted with physical construction of a 
sedimentation basin at 10 MGD. It should be noted that reduced settling time would result in 
more organic carryover through the treatment system and thus increasing disinfection 
byproducts in the distribution system. 

 
GD&F also evaluated alternatives pertaining to the sedimentation basins and the required four 
(4) hour detention time at the maximum plant flow rate. The installation of inclined plate settlers 
at the effluent end of the existing sedimentation basins was considered as opposed to 
constructing new sedimentation basins. This option would drastically reduce the overall project 
cost; however, the plate settlers do have drawbacks. A drawback when dealing with river water 
is the depth of submergence of the plates to prevent them from freezing. They also require more 
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maintenance because they have to be manually cleaned several times per year. The most 
important limitation is that they are only effective with heavy particulates, thus with reduced 
settling time the settled water turbidity would likely increase and hence the loading rate onto the 
membranes. Mr. Herold from the WV Health Department stated the following when asked about 
the acceptance of plate settlers in lieu of a four (4) hour detention time, "Our preference and 
design stands would be for a four (4) hour detention time in the clarifiers." GD&F agrees with Mr. 
Herold's statement, thus inclined plate settlers are not recommended as an alternative to 
additional sedimentation basins. 
 
GD&F Recommendations 
 
GD&F recommends that the District construct two (2) additional sedimentation basins that are 
the same exact size as the existing two (2) basins. Per the site layout, there is plenty of available 
space to the north of the existing basins. The existing aluminum stairs, site lights/poles and 
electrical ductbanks would need to be relocated. Two (2) more basins with associated weir gates, 
sludge collector drives, sludge hoppers and piping, weirs and troughs would be required. Four (4) 
basins would result in an increased detention time and would better accommodate taking a basin 
offline for cleaning purposes. The total estimated cost to install two (2) new sedimentation basins 
included associated appurtenances is $3.2 million.  
 
The four (4) existing weir gates require the seals and seats to be refurbished as the gates are very 
difficult to operate. Also, the collector drive chains should be replaced along with the scraper wear 
strips. The existing electric operated sludge drain valves in the basement should be replaced with 
extended bonnets such that they are not submerged when the sump area is full of water. The 
sludge magnetic flow meters should be replaced and the displays should be remote mounted such 
that they are located on the basement wall. The total estimated cost for these maintenance items 
related to the sedimentation basin is $40,000.  

 
G. Submerged Membrane Filtration System 
 

There are a total of two (2), 500 micron Fluid Engineering Model 721 prestrainers each designed 
for 12,000 GPM (17.3 MGD). The strainers supposedly backwash automatically every thirty 
minutes for five minutes. The strainer differential pressure sensors do not appear to be working 
properly. Due to the strainer overall sizes, corroded condition of the hardware, and difficultly of 
access in the basement, they have never been taken apart for inspection and maintenance. It 
appears that the headloss through the strainers are excessively high as the operators reported 
having problems maintaining a steady membrane influent channel level at times. 
 
There are a total of six (6) concrete membrane tanks, with four (4) tanks being supplied with 252 
Evoqua 0.04 micron submerged membrane modules per tank and a single 40 HP horizontal 
centrifugal filtrate pump. Each membrane unit is designed to produce 2 MGD of filtrate at a design 
flux of 30 gallons per day per square foot of membrane area (GFD). Each Evoqua S10N module 
consists of 250 square feet of membrane surface area. Thus, 63,000 square feet of membrane 
surface area exists per cell. At a 2.0 MGD flow rate per cell, this corresponds to a flux rate of 31.75 
GFD. The membrane system was designed for a conservative flux rate of 30 GFD which equates 
to 1.89 MGD per cell. It should be noted that the membrane pilot study final report in 2005, 
included successful flux rates of up to 50 GFD. The District has not been given a flux limit by the 
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Health Department at this time. Given the excellent settled water quality entering the 
membranes, flux rates approaching 40 GFD (2.52 MGD per cell) would be acceptable per GD&F's 
membrane operating experience. The filtering capacity would be increased as the flux rates 
increase. However, GD&F discourages excessive flux rate (approaching 40 GFD) operation during 
the winter months due to denser water causing sharp increases in transmembrane pressure 
(TMP). Given the effectiveness of the pretreatment system, it may warrant future re-rating of the 
membrane system flux rate, if required. 
 
The plant is currently capable of producing about 8 MGD of filtrate flow, however, this does not 
include a 5% recovery which is required for backwashes, cleanings and integrity testing. It is 
important to note that filtration requires unit redundancy, therefore the current rated capacity 
of the submerged membrane system is 6 MGD with N+1 redundancy. The original "V" series 
submerged membrane modules were replaced with the new "N" series modules in November of 
2015. The existing submerged membrane system piping, backwash system, CIP system and air 
supply system are designed for a future flow rate of 12 MGD, thus no upgrades are associated 
with this equipment. 

 
The chemical coating system in each membrane tank requires sandblasting and recoating. Due to 
the aggressive nature of the membrane cleaning chemicals during maintenance washes and 
clean-in-places, the coating systems have failed in numerous areas exposing the existing concrete. 
Given the overall nature of the coating failures, it appears that they were not applied properly, 
which led to their premature failure. Surface preparation and curing are vital to a properly 
installed coating system. Also, the product that Siemens recommended during construction does 
not appear to be appropriate for this application.  
 
The two (2) original 7.5 HP Atlas Copco air compressors were recently replaced with Kaeser 
compressors and a single independent Kaeser air dryer. The compressors supply a 120 gallon 
control air receiver tank and a 400 gallon process air receiver tank. The compressors supply air to 
the pneumatic valves and for integrity testing of the membrane modules. There are two (2) fully 
redundant positive displacement blowers which supply air during a backwash of the membrane 
modules. One blower recently had the motor serviced and soft start replaced. There are also two 
(2) fully redundant 30 HP horizontal centrifugal backwash pumps along with an open top concrete 
backwash tank located in the basement.  
 
The chemical clean-in-place system consists of a 3,100 gallon plastic tank with immersion heater, 
two (2) fully redundant 10 HP horizontal centrifugal CIP pumps along with a citric acid, 
hydrochloric acid and sodium hypochlorite chemical feed system. The immersion heater was 
recently replaced and the three (3) CIP chemical feed systems were recently replaced with new 
pumps, day tanks and scales on the operating level.  
 
GD&F Recommendations 

 
GD&F recommends that the District have a specialty contractor remove the tops of the 
prestrainers and have the manufacturer inspect them. It is likely that all the moving and wear 
parts within the strainers will require replacement such as the baskets, brushes, shoes, rotating 
assembly, etc. GD&F recommends that the District budget $40,000 for existing prestrainer repair 
and maintenance.  
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To obtain a 10 MGD plant capacity, both currently empty concrete membrane module tanks 
would require submerged module racks to obtain N+1 unit redundancy. Thus, a total of 504 
membrane modules would be required, 252 per tank. Also required would be two (2) filtrate 
pumps, piping, valves, instrumentation and electrical equipment to accommodate two (2) 
membrane tanks. The total estimated installed cost of two (2) additional membrane basins with 
filtrate pumps, piping, accessories, electrical and programming is $1.25 million.  
 
GD&F recommends the tanks be coated with a Sherwin Williams POLY-COTE 115 system or 
approved equal. The total estimated cost to sandblast and recoat each membrane tank is $7,000 
each. Coating all six (6) tanks would cost approximately $42,000, if they were all completed 
sequentially with a single mobilization.  

 
Due to the environment and excessive usage on the existing pneumatic valves and actuators 
pertaining to the membrane system, they all warrant replacement. In total, approximately 70 
valves ranging from 1 to 12 inches in diameter require replacement. The total estimated cost to 
replace all 70 valves and pneumatic actuators is $100,000 for the materials and assumes that the 
valves will be replaced by the District.  
 
The filtrate turbidimeters were recently replaced with the HACH Model TU5400's. GD&F 
recommends that the bubble trap option be installed on all new sensors to assist in dissolved 
oxygen and entrained air prior to the sensing element. All membrane system level and pressure 
sensors should be replaced due to age and current condition. The total estimated cost for the 
instrumentation upgrade is $35,000. 

 
The expected useful life of the membrane modules is 7-10 years; thus, the new modules are 
approximately half-way through their lifespan and should be scheduled for replacement in the 
year 2024. At that time, new modules will cost approximately $700 per module, plus shipping. 
Thus, to replace all existing 1,008 membrane modules, the District should budget $750,000. 

 
H. UV System 
 

The existing Trojan ultraviolet disinfection units are each rated at 6 MGD. Typically, both units run 
simultaneously and split the combined filtrate flow. Each unit has 30 bulbs and contains an 
automatic mechanical wiper cleaning system. During the site visit, it was noted that various major 
and minor alarms existed at the UV Control Panel for both reactors. There were several active 
lamp and ballast failure alarms. 
 
GD&F Recommendations 
 
Since both units operating online simultaneously will properly treat 10 MGD, and given that UV 
disinfection is currently acting as a secondary barrier and is not currently a regulatory 
requirement, it is not necessary to upgrade the UV units to treat 10 MGD each. However, the 
existing UV units will require significant replacement parts such as lamps, ballasts, wiper seals, 
sleeves, o-rings, washers, relay modules, etc. GD&F recommends that all existing bulbs, sleeves, 
seals, o-rings and washers be replaced on both units prior to treating 10 MGD. Other necessary 
replacement items such as ballasts and relays should also be replaced. The total estimated cost 
for these repairs/replacements is $30,000.  
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It should be noted that the UV units will require more operation and maintenance costs at 10 
MGD. Additional power requirements would be necessary and the lifespan of the bulbs and 
ballasts would decrease. It should be noted that there is additional space in the UV room for a 
third future unit to provide redundancy at 10 or 12 MGD. 
 

I. Gas Chlorination Disinfection System 
 

There are two (2) existing Siemens automatic gas chlorinators each rated for 200 pound per day 
(ppd); however, they are not being used. The current existing average daily demand is 80 pounds 
per day of chlorine gas and it is manually set via a rotometer and injected into the combined filter 
effluent. The anticipated chlorine demand at 10 MGD is 115 pounds per day. The original chlorine 
gas piping/tubing has been altered such that four (4) 150-pound cylinders are all tied into one (1) 
main feed header. The maximum amount of chlorine that can be withdrawn from a single cylinder 
is 40 ppd before the cylinder freezes.  
 
GD&F Recommendations 

 
GD&F recommends that two (2) additional scales and cylinder mounted chlorinators be installed 
inside the chemical feed room. The scale weights should be added to the plant SCADA system. 
The SCH 80 PVC piping and valves should be replaced to the injection point as it appears the 
finished water hardness has precipitated out and caused scaling issues within the lines. The 
estimated cost to install two (2) new digital scales, chlorinators and piping is $25,000. 
 
Per the EPA 40 CFR part 68 manual, the maximum allowable amount of chlorine gas storage is 
2,500 pounds. This would limit the District to 16 150-pound cylinders onsite at any given time. 
The operators should double check with the local WV Health Department to verify the maximum 
storage capacity for chlorine gas. Given this limitation and the importance of chlorine in the 
treatment process, the District may want to consider a form of backup chlorination such as 12.5% 
liquid sodium hypochlorite. Perhaps the spare bulk chemical feed station could be utilized for this 
purpose. Another option would be to add another peristaltic chemical feed pump and piping to 
the sodium hypochlorite membrane system CIP feed station.  

 
J. Chlorine Contact Time (Clearwells) 
 

There are two (2) existing clearwells utilized for chlorine contact time disinfection. The first is a 
below grade baffled concrete clearwell with a total capacity of 359,653 gallons and the other is a 
1.5 million gallon circular concrete storage tank. The average distribution system entry point free 
chlorine residual is 1.7 to 2.5 mg/L, with the average being around 2.0 mg/L.  
 
GD&F Evaluation 

 
The WV Health Department requires surface water treatment plants to provide a minimum of 2-
log removal of Cryptosporidium, 3-log removal of Giardia and 4-log removal of viruses. The 
membrane system is credited with meeting the removal requirements for Cryptosporidium and 
Giardia, while the clearwell is used to meet 4-log virus removal. 4-log virus removal can essentially 
be achieved through 20-minutes of chlorine contact time at the maximum rated plant flow rate. 
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Therefore, at 10 MGD (6,940 gpm) this equates to 138,800 gallons of effective volume. The 
effective volume of the new baffled clearwell alone will meet the 4-log virus removal requirement. 
GD&F also looked at the disinfection systems ability to meet 0.5 log Giardia removal via 
chlorination. The calculations revealed that the District would achieve 0.5 log Giardia activation 
via chlorination at a 10 MGD flow rate if the entry point free chlorine residual is maintained at 1.6 
mg/L (minimum). Thus, adequate chorine disinfection will be obtained at a future plant finished 
water flow rate of 10 MGD. 
 

K. Post Filtration Chemical Feed Systems 
 

Hydrofluorosilicic acid (fluoride) and a corrosion inhibitor are injected into the combined filter 
effluent line prior to the clearwell. The original fluoride LMI diaphragm chemical metering pumps 
have since been replaced with Blue-White Series A-2 peristaltic pumps. The pumps have sufficient 
capacity to properly flow pace the chemicals up to 10 MGD; therefore, no upgrades are required. 
 
The District recently switched corrosion inhibitor chemicals from a zinc limited orthophosphate 
to a poly-ortho blended phosphate known as SeaQuest. This corrosion inhibitor helps sequester 
iron, manganese and calcium carbonate (hardness) in the finished water. The District recently 
reported that the product has been working well with notable results being reduced hydrant 
flushing durations and a general reduction in customer complaints. Due to the corrosion inhibitor 
changeover, caustic soda is no longer required to increase finish water pH in the distribution 
system. The newly fed Seaquest product is fully effective within a pH range of 6-9, thus no pH 
adjustment is necessary. The original LMI diaphragm chemical metering pumps are still being 
utilized to feed the corrosion inhibitor. It is recommended to purchase two (2) new Blue-White 
M-2 peristaltic chemical metering pumps to increase reliability at 10 MGD. 
 
There is an existing spare chemical feed station which is currently labeled as the "Bulk Caustic 
Soda" system. This feed station consists of a 6,600 HDPE bulk chemical storage tank, a duplex PVC 
day tank, scale and one (1) Blue-White peristaltic metering pump. This station can be used as a 
spare chemical feed station; however, it should only be used for a chemical with neutral or high 
pH's in order to be compatible with the bulk tank and transfer pump. If regular usage is required, 
the chemical feed pumps should be replaced with new peristaltic metering pumps. 

 
L. Finish Water Pumps 
 

There are currently three (3) 250 HP Patterson horizontal split case centrifugal finish water pumps 
each rated for 2,100 GPM @ 305 feet TDH, located in the High Service Pump Building. Each pump 
is on a VFD and there is a 16" diameter magnetic flow meter located in a vault outside the building. 
The pumps and motors have performed well since their installation with no reported issues other 
than that the mechanical seals are currently leaking.  
 
GD&F Evaluation 

 
A field test was performed to determine the existing finish water pump outputs. A single pump 
was set to run at 100 % speed, meanwhile the pump produced 2,350 GPM at a discharge pressure 
of 112.5 PSI. Two (2) pumps were operated at 100% speed which resulted in a finish water flow 
rate of 4,200 GPM or 6.0 MGD. All three (3) finish water pumps were then tested at 100% speed 
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which resulted in a flow rate of 5,450 GPM. Thus, the maximum output of the finish water pumps 
is about 5,450 GPM or 7.85 MGD. It was also noted that the storage tank was at elevation 28' out 
of 40 feet to full during the pump test. The finish water pumps would require an upgrade to 
provide five (5) MGD each. 
 
GD&F performed proposed finish water pump sizing based on the existing pump calculations and 
field pump test conditions. It was concluded that new pumps sized for 3,470 GPM (5.0 MGD) at 
405 feet TDH would be required. This results in a new pump size of 350 HP, thus requiring new 
pumps, motors, VFDs, disconnects, wire and conduit. 
 
GD&F Recommendations 

 
To accommodate a 10 MGD flow rate, GD&F recommends replacing all three (3) pumps, motors and 
variable frequency drives such that each pump is rated for 5 MGD (3,470 GPM) at 405 feet TDH at 
350 HP. The estimated cost to replace all three (3) pumps with new pumps and motors is $660,000. 
Also, the 10-12" diameter pump suction and discharge lines would need to be replaced due to 
excessive headloss and velocity at 10 MGD. New check valves, isolation valves and fittings ranging 
in size from 12-14" would be necessary to the 20" headers located inside the pump building. Also, 
it is recommended to replace the 300 feet of existing 16" ductile iron yard piping, including the 
finish water flow meter, with new 24" diameter pipe. The total estimated cost to make the finish 
water pump and piping upgrades is $1,065,000. It is also worth noting that the discharge pressure 
on the finish water pumps would be around 165-170 PSI on average. This may cause an increase 
in main breaks on older lines within close proximity to the water treatment plant. If the existing 
pumps are to remain in service for several years, all the mechanical seals should be replaced. 
 
GD&F also considered the increased electrical load at the High Service Pump Building. There is a 
1,200 Amp main feeder into the High Service Pump Building. The High Service Pump Building 
powers the three (3) finish water pumps and also an 800 Amp feeder to the water treatment 
facility electrical room. By adding larger high service pumps and two (2) new 40 HP membrane 
filtrate pumps, the building entrance service will be undersized. It appears that a 2,000 Amp 
primary service from both utility feeds would be necessary. This would require a new electrical 
building with associated gear and upgraded utility feeds and transformers. The estimated cost for 
this new electrical building with all associated electrical gear is $500,000.  
 
There have been notable power outages throughout the life of the Potomac River WTP that have 
resulted in both primary feed outages. This is likely due to the fact that both primary sources share 
a common utility pole. Given the significance of the high service pumps and water treatment 
plant, it is recommended to install an emergency generator capable of operating three (3) 
membrane units, two (2) proposed 350 HP finish water pumps, etc., such that the current average 
daily demand could be met. This results in a 1,000 kW generator with outdoor enclosure, two (2) 
disconnects, an automatic transfer switch with bypass and associated wiring and conduit. The 
total estimated cost to install a 1,000 kW generator at the WTP site is $415,000. 

 
M. Wastewater Handling System 
 

The wastewater handling system consists of a 132,000 gallon backwash holding tank with a chain 
and scraper sludge collector and two (2) submersible pumps. The membrane system waste is 
conveyed to this holding tank, with the decant overflowing the tank and entering the NPDES 
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discharge, while the settled solids are pumped to the lagoons. There are also two (2) concrete 
bottom lagoons, each with a capacity of 423,787 gallons. The total storage capacity of the 
wastewater handling system is 979,574 gallons. The solids from the sedimentation basins are piped 
directly into the lagoons. The District installed a portable bag dewatering system for the sludge in 
the lagoons. This helps to further dewater the sludge and allows for additional holding volume in 
the lagoons. The bagger system has been operating well and saves cost regarding sludge disposal. 
The sludge in the lagoon bottoms is generally disposed of off-site a minimum of once per year.  
 
GD&F Recommendations 

 
The two (2) existing submersible solids handling pumps in the backwash holding tank have 
reached their useful life and require replacement. The magnetic flow meter has been submerged 
numerous times and the display of the meter should be remote mounted above grade. The total 
estimated cost to replace the pumps and flow meter is $20,000. 
 
The temporary bagger system is currently resting on a stabilized stone area between the two (2) 
lagoons. It is recommended to install the bags and bagger system on a new 6" thick concrete pad 
with curbing to facilitate cleaning and such that all the decant from the bagger system enters back 
into the lagoons. A metal pavilion roof structure located overtop the bagger system would prevent 
rain water from entering the bags and would assist in the drying process. The total estimated cost 
for this new 30' X 150' concrete pad is $50,000. A metal pavilion roof structure for the bagger 
system would be about $10,000. 
 
The sludge storage and handling capacity is sufficient for the additional loading at 10 MGD. 
Additional solids from the sedimentation basins and backwash/cleaning from the membrane filters 
will increase to 140% of the existing production at 10 MGD. This will involve more frequent drying 
and sludge removal from the existing lagoons in order to comply with the existing NPDES permit 
requirements. If the sludge removal and lagoon frequency is closely monitored and performed, the 
sludge handling system is fully capable of accommodating a 10 MGD flow rate. 

 
N. Site Civil  
 

Additional site piping will be required from the existing sedimentation basin to the treatment 
facility. Underground ductbanks will also be required between the facilities. Additional pavement, 
sidewalks and/or stabilized areas would be necessary to accommodate the additional 
sedimentation basins. An additional set of aluminum stairs would be needed to facilitate easier 
access to the new sedimentation basins. These costs are included under the flocculation/ 
sedimentation basin modifications found in Appendix F. 

 
O. HVAC/Plumbing 
 

The two (2) 2 HP exhaust fans that serve the basement need to be replaced. Due to the corrosive 
nature of the membrane system cleaning chemicals, these exhaust fans are severely corroded. 
The exhaust fans in the chlorine room and carbon room also need replaced. The two (2) gas fired 
horizontal unit heaters in the basement need replaced. The chlorine room electrical heater also 
needs replaced. The hot water heater and backflow preventor have also reached their useful live 
and should be replaced. The total estimated cost to replace these HVAC and plumbing items is 
$30,000. 
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Section 2 
ENGINEER'S OPINION OF PROBABLE COSTS 

 
This section contains the Engineer's Opinion of Probable Project Costs for upgrading the raw water intake 
and water treatment facility to treat a net capacity of 10 MGD. The total overall capital construction cost 
estimate is $9,925,000 with the total overall project cost estimate being $12,300,000. This cost estimate 
is all inclusive regarding various options and alternatives which may or may not be selected by the District. 
Please refer to Section B below for the recommended minimum upgrade requirements along with the 
associated costs. These cost estimates were derived from recent bids and manufacturer budgetary cost 
proposals. Not all of these costs may be necessary for this project and some may fall under general 
operation and maintenance items. Refer to Appendix F for a detailed opinion of probable construction 
cost estimate and manufacturer equipment quotes.  
 
A. Operation and Maintenance Costs 
 

The current yearly Potomac River plant operational and maintenance expenses are approximately 
$1.2 million, which equates to $100,000 per month. The bulk of the costs are attributed to 
purchasing power, chemicals and labor, which account for 83% of the expenses. This cost does 
not take into account any debt service payback. The projected yearly operation and maintenance 
probable cost for producing 8-10 MGD is $2.0 million, or $167,000 per month. Proposed labor 
costs will presumably increase as the treatment facility would have to operate almost around the 
clock. The current chemical, power, pumping and sludge disposal costs would double. The plant 
upgrade and expansion project should significantly reduce the current equipment maintenance, 
repairs and replacement costs. It should be noted that budgeting for a future membrane module 
replacement in about four (4) years should be anticipated at a total estimated cost of $750,000. 
Since the plant is over eleven (11) years old, it should be anticipated that various wear items such 
as existing motors, bearings, bushings, mechanical seals, etc. will begin to fail.  
 

B. Minimum Upgrade Requirements 
 

There were several options and alternatives presented throughout this report which will be left 
up to the District to determine their priority and/or implementation. The following is a 
recommended minimum list of items that should be upgraded if the plant flow rate is in excess of 
6.0 MGD. The intake air compressors and automated valves are critical to facility operations and 
should be included. The chemical feed systems have reached the end of their useful life and all 
listed upgrades should be considered. The flocculation and sedimentation basins are a critical 
pretreatment component that must be upgraded to ensure continued successful plant 
operations. The membrane filtration system upgrades which include the installation of two (2) 
additional filter units and prestrainer repairs are necessary due to the recurrent backwashing and 
chemical cleaning activities and the required N+1 unit redundancy. The UV repairs and other 
solids/sludge handling upgrades are necessary to maintain consistent treatment and meet state 
regulations. The HVAC and plumbing replacements are necessary due to various components 
reaching the end of their useful life. 
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Items not included in this list include the redundant 12 MGD intake structure, raw water pump 
upgrades, finish water pump upgrades, new electrical service upgrade/building and the 
emergency generators. These items equate to a total overall project cost of $3,175,000. Removing 
these items from the project would result in a total overall estimated project cost of $9,125,000. 
Refer to Appendix F for a detailed opinion of probable construction cost estimate titled "Minimum 
Upgrade Requirements". It is important to note that an 8.0 MGD flow rate can only be met if all 
three (3) raw and finished water pumps are running concurrently. Thus, if any single raw or 
finished water pump were to fail, the District would be limited to a 6.0 MGD flow rate.  




