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EXECUTIVE SUMMARY 
 
Sources 
 
• The Harpers Ferry Water Works water treatment facility was constructed in 1985 and has a 

capacity of 0.5 million gallons per day (mgd).   Source water is provided by Elk Run, the Town 
Spring and the Potomac River. 

 
• The current average daily water demand is 0.284 mgd and no projected system demand 

increases are anticipated. 
 
• Elk Run and the Town Spring are high quality water sources.  They are generally characterized by 

optimum levels of pH, alkalinity and turbidity.  Also, the sources have low levels of iron and 
manganese.  No evidence of inorganic or organic (synthetic and volatile) chemicals exists. 

 
Water Treatment Facility 
 
• Harpers Ferry is faced with USEPA regulations including the Stage 2-Disinfection Byproducts Rule 

and Long Term 2-Enhanced Surface Water Treatment Rule.  These rules place emphasis on 
particle removal, pathogen disinfection, source water contamination testing and disinfection 
byproducts (DBP) abatement.  New treatment techniques and technologies may be necessary 
for compliance. 

 
• The plant currently achieves compliance with the WV DHHR criteria for turbidity removal and 

generally conforms to the 0.1 NTU optimization goal.  Regulators state that when all filters are 
not performing consistently at 0.1 NTU, they are not providing the most effective barrier in the 
passage of cysts and cryptosporidium.  This level minimizes breakthrough of pathogenic 
protozoa.    

 
• The regulations will require treatment techniques and “multiple barriers” to achieve future 

compliance.  In other words, newer treatment technologies (ozone, UV, membrane, etc.) used in 
series and acting as multiple-barriers will be more effective for particle removal than operator 
optimization of a conventional filter or reliance on the coagulation chemistry currently being 
utilized. 

 
• After an extensive evaluation of the existing plant, the process is impacted by insufficient 

sedimentation, prechlorination for CT disinfection, occasional particle breakthrough of the 
multi-media filters, lack of filter-to-waste ability, inadequate clearwell capacity and lack of 
system redundancy among others.  Many processes and structural elements are approaching 30 
years old and are causing extensive maintenance time and cost issues. 

 
• To improve the water treatment system, an upgraded water treatment facility with membrane 

filtration technology, pretreatment (enhanced coagulation, flocculation and sedimentation) and 
additional clearwell capacity is the most cost-effective and functional solution for Harpers Ferry.  
The upgraded system will provide sufficient particle removal and multiple barriers for 
compliance with the new Long Term 2-Enhanced Surface Water Treatment Rule. 
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EXECUTIVE SUMMARY (CONTINUED) 
 

• Membrane technology is considered the superior water treatment technology when compared 
to conventional multi-media filtration for sub-micron particle removal (including pathogens such 
as cryptosporidium and giardia).  The membrane system is considered more operationally 
flexible and easier to operate and maintain. 

 
• Several additional water treatment facility upgrades such as a new raw water pumping station, 

new raw water valve vault, sedimentation basin upgrades, additional chemical feed systems, 
finish water pump upgrades, new SCADA and telemetry systems and emergency generator are 
being recommended. 
 

Storage 
 

• Harpers Ferry has three storage tanks that provide 1.019 million gallons of finish water storage.  
This is sufficient for current WV DHHR and ISO fire storage guidelines.   
 

• Storage tank repairs and repainting and distribution system waterline upgrades are being 
recommended. 
 

Distribution System 
 
• Harpers Ferry maintains about 30,000 feet of distribution system piping.  We recommend the 

following upgrades:  1) line replacement; 2) replace 200 feet of 8-inch cast iron piping near 
existing water treatment plant; 3) install radio read meters; and 4) install booster pump station 
near existing water storage tank site to increase water pressure in the Bolivar Heights service 
area. 
 

Overall Project Cost 
 

• The estimated project cost for the water treatment facility upgrades is $6.25 million.  We 
recommend that the funding source be a combination of grants and loans from IJDC and RUS. 
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PURPOSE AND SCOPE 
 
The purpose and scope of the study included the following: 
 
• Assess effectiveness of existing unit operations and process treatment systems 

 
• Review current and future regulations with implications for the Harpers Ferry Water Works 

treatment facility 
 

• Evaluate existing filtration process including performance, reliability, redundancy, etc. 
 

• Review plant performance data and perform chemical analysis of raw/finish water 
 

• Review condition of physical plant, structures and surrounding site constraints 
 

• Perform alternatives evaluation of process systems and treatment techniques 
 

• Prepare cost effectiveness analysis of various project upgrades and alternatives 
 

• Assess plant upgrades with new enhancements & technologies 
 

• Report including study results, cost estimates, conclusions, recommendations, mapping, 
graphics and data 
 

• Meetings with Harpers Ferry Water Commission and Water Works personnel, as required, 
throughout the study 
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INTRODUCTION 
 
In September, 2013, the Corporation of Harpers Ferry commissioned Gwin, Dobson & Foreman, Inc. 
(GD&F) to evaluate possible upgrades to the Harpers Ferry Water Works water treatment plant and 
domestic water distribution system.  Further, GD&F was to assess alternative treatment systems and 
provide recommendations in a feasibility study.  This report is a summary of our treatment plant 
evaluation and recommendations for water system improvements. 
 
PUBLIC WATER SUPPLY TREATMENT BACKGROUND AND SUMMARY 
 
The Harpers Ferry Water Works currently serves 821 customers, including residences and businesses 
within the Corporation of Harpers Ferry and the Harpers Ferry National Historical Park. The current 
treatment facility produces approximately 284,000 gallons of finish water per day. 
 
The primary source of raw water is obtained from a surface water intake on Elk Run located 
approximately 200 feet west of Bakerton Road.  This intake consists of a small surface water 
impoundment which diverts the flow from Elk Run to a concrete intake box.  The intake box has one (1) 
stainless steel debris screen which must be manually cleaned.  The raw water collected is conveyed by 
gravity to an existing wet well via an 8-inch cast iron (CI) pipe, where the raw water is pumped to an 
existing concrete pre-sedimentation basin located adjacent to the existing treatment facility. 
 
In addition to the Elk Run intake, raw water is provided to the treatment facility from the Harpers Ferry 
Town Spring.  The raw water at the Town Spring is collected by a precast circular concrete intake and is 
conveyed by gravity about 2,500 feet via an existing 6-inch ductile iron (DI) pipe to the existing wet well 
mentioned above.  It was reported by the operators that Elk Run is a perennial stream that rarely goes 
dry. 
 
An emergency raw water intake and pump station is located on the Potomac River approximately 800 
feet northeast of the existing treatment facility.  The intake consists of a single 12-inch by 14-inch intake 
screen located about 60 feet offshore of the southern bank of the Potomac River.  The intake screen is 
connected to a precast concrete wet well via a 10-inch ductile iron pipe.  An air backwash system is used 
to clean the intake screen as necessary using a portable compressor system which is charged at the 
water treatment facility.  
 
The Potomac River intake is considered an emergency back-up and is only utilized during times of 
insufficient flow from either Elk Run or the Town Spring intakes, or in the event of a release of pollutants 
into the drainage areas of the primary raw water intakes.  The last time the Potomac River intake was 
utilized dates back several years ago. 
 
The existing wet well consists of dual 10 HP Fairbanks Morse submersible pumps rated at 350 gallons 
per minute (gpm) which are controlled by the water level in the pre-sedimentation basin.  The pre-
sedimentation basin (77,000 gallons) is located 300 feet south of the existing treatment facility.  This 
basin removes the heavy suspended solids (sand, grit, etc.) without the use of coagulation chemicals. 
 
The pre-sedimentation tank effluent is conveyed to the treatment facility filters via gravity flow. A 
turbidimeter is located at the entry point to the plant. The plant can treat water with a maximum 
turbidity of 70 NTU.  When the settled water turbidity exceeds 70 NTU, the plant is shut down. 
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The settled water is then injected with DelPAC 2020 (polyaluminum chloride) and chlorine (gas) ahead 
of an in-line static mixer.  The DelPAC is fed into the settled water using an LMI chemical metering pump 
with speed and stroke settings adjusted manually as needed. Chlorine is fed prior to the filters to obtain 
the required minimum 3-log inactivation of Giardia cysts.   
 
The coagulated water is then diverted to two (2) modular Aquarius packaged treatment systems each 
rated at 350 gpm.  The units consist of dual compartment flocculation tanks, sedimentation tanks (with 
tube settlers) and filter media beds with a design filtration rate of 5 gpm/sq. ft. of filter media area.  The 
design filter bed depth consists of 18-inches of anthracite, 9-inches of silica sand and 3-inches of garnet 
sand filter media for a total bed depth of 30-inches.  The measured filter bed depth during the 2012 
Sanitary Survey performed by OEHS was 25-inches. 
 
Dual HACH 1720E online turbidimeters continuously monitor the filter effluent turbidity with records 
being displayed on chart recorders.  In automatic mode, the treatment facility is programmed to shut 
down if filter effluent turbidity exceeds 0.2 NTU and an autodial system is engaged to notify the 
operators.  Average turbidity being sent to the clear well ranged from a low of 0.02 NTU to a high of 0.26 
NTU, with an average turbidity of 0.06 NTU over a recent twelve (12) month period.  Results on average 
are well below the federally regulated limit of 0.3 NTU. 
 
The filters are manually backwashed every 12 hours of operation, unless otherwise prompted by high 
filter effluent turbidity.  Backwash water is provided from the treatment facility clearwell via an Allis 
Chalmers frame mounted centrifugal pump rated at 500 gpm.   The backwash waste is discharged to 
concrete holding tanks.  Effluent from these tanks is discharged to Elk Run downstream of the existing 
intake.  The backwash cycle temporarily causes an increase in the filter effluent turbidity due to lack of a 
filter-to-waste; however, the turbidity returns to the pre-backwash cycle measurement in about thirty 
minutes. 
 
The holding tank discharge is regulated under a National Pollutant Discharge Elimination System 
(NPDES) permit (Permit #WV 0115754) issued by the West Virginia Department of Environmental 
Protection (WVDEP). 
 
After filtration, the filtered water is injected with chlorine and fluoride prior to entering the clearwell.  
The clearwell is a 21,000 gallon above grade glass-lined steel tank located adjacent to the treatment 
facility structure.   
 
Dual HACH CL17 online chlorine residual analyzers continually monitor and record the residual chlorine 
levels in the finish water.  If the residual chlorine drops below 1.0 mg/l, an alarm is sounded and an 
autodial system is engaged to notify the operators.  If the residual chlorine drops below 0.5 mg/l, the 
facility is shut down. 
 
The finish water is pumped to the existing distribution system by two (2), 75 HP Allis Chalmers split case 
centrifugal pumps rated at 200 gpm.  The finish water flow is metered by a 6-inch Badger turbine meter 
and the pumps are controlled manually at the treatment facility based upon the water storage tank 
levels at Bolivar Heights. 
 
The three (3) finish water storage tanks located in Bolivar Heights were constructed from 1964 to 2008.  
The oldest tank (Tank #2) was constructed in 1964 from welded steel.  This tank has a capacity of 
278,000 gallons and an overflow elevation of 695.0. The second oldest tank (Tank #1) was constructed in 
1987 of welded steel.  This tank has a capacity of 500,000 gallons with an overflow elevation of 695.0.   



 
13045/Rpt/HarpersFerryFeasStudy_Nov2013.doc -4- 

Tank inspections for these tanks were performed in September 2012 by the Pittsburg Tank & Tower 
Maintenance Company.  The inspections indicated significant signs of wear including deteriorating 
sealant around the perimeter of the base of the tanks and at the roof/shell connections, inadequate 
safety signage, inadequate access to the roof hatch and missing fall protection rail on the tank roofs.  
Additional external deficiencies include the omission of frost proof drain valves, lack of an air break in 
the overflow drains and frost-proof pressure vents.   
 
The interior of the tanks are beginning to show signs of corrosion on both the roof and the liner.  In 
addition to this corrosion, sediment and debris has collected at the bottom of each tank. The exterior 
coatings of the tanks also show signs of rust and deterioration. 
 
The third tank (Tank #3) was constructed in 2008 of riveted steel to replace a welded steel tank that was 
constructed in 1927.  This newer tank has a capacity of 241,000 gallons. No tank inspection was 
performed on this tank, and the tank appears to be in fine working order with no external signs of 
corrosion. 
 
Access to the three (3) tanks is provided from Prospect Avenue and security is provided by a 6-foot high 
chain link fence, locked ladder guards and access manhole covers. 
 
The Harpers Ferry Water Works public water distribution system consists of approximately 33,000 linear 
feet of mains ranging in size from 3/4-inch to 10-inches in diameter.  The system also includes one (1) 
pressure reducing vault, 71 fire hydrants and the three (3) finish water storage tanks.  Pressures in the 
existing system range from a minimum of five (5) psi at the Bolivar Heights tanks to a maximum of 167 
psi at the Harpers Ferry/Bolivar Wastewater Treatment Facility.  The pressures stated above were 
calculated using public domain software (EPAnet) and the best available records of the existing 
distribution system.   
 
Unaccounted for water in the existing distribution system ranges from 41% to 62% as recorded by 
Harpers Ferry Water Works.   
 
PREVIOUS STUDIES 
 
The following reports were used in the preparation of this feasibility study: 

 
• "Sanitary Survey - Harpers Ferry Water Works System, January 2012 " prepared by the State of 

West Virginia Department of Health and Human Resources (DHHR) - Bureau of Public Health - 
Office of Environmental Health Services (OEHS), Kearneysville District Health Office 

 
• “Source Water Assessment and Protection Plan for Harpers Ferry Water Works, Jefferson 

County, September 2006” prepared by Dalip Sarin, West Virginia Rural Water Association, 
Hurricane, WV 

 
• "Harpers Ferry Prospect Avenue Tank #1 Maintenance Survey, September 2012" prepared by 

the Pittsburg Tank & Tower Maintenance Company, Incorporated. 
 
• "Harpers Ferry Prospect Avenue Tank #2 Maintenance Survey, September 2012" prepared by 

the Pittsburg Tank & Tower Maintenance Company, Incorporated. 
 

• "Analysis and Preliminary Engineering Report for Existing Water System, Corporation of Harpers 
Ferry, Jefferson County, WV, August 2009" prepared by Alpha Associates, Incorporated, 
Martinsburg, WV. 
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PERMITS AND APPROVALS 
 
The following is a tabulation of key permits and approvals issued to the Harpers Ferry Water Works: 
 

Date Permit No. Description 
   

June 12, 1964 2391 Office of Environmental Health Services (OEHS) - 
Water Facilities (Storage Tank Construction) 
 

June 30, 1964 2401 Office of Environmental Health Services (OEHS) - 
Water/ Sewer Facilities 
 

August 2, 1978 7171 Office of Environmental Health Services (OEHS) - 
Water Facilities 
 

March 1, 1985 9316 Office of Environmental Health Services (OEHS) - 
Water Treatment Plant 
 

August 13, 1985 9460 Office of Environmental Health Services (OEHS) - 
Water Treatment Plant 
 

March 27, 2007 17439 Office of Environmental Health Services (OEHS) - 
241,000 Gallon Water Tank 
 

July 19, 2013 WV0115754 NPDES General Permit to Discharge for Water 
Treatment Plants and Swimming Pool Wastewater 

 
SOURCE WATER ASSESSMENT 
 
The Harpers Ferry Water Works utilizes three (3) sources of supply water.  The primary source of raw 
water is a concrete surface water intake on Elk Run located approximately 200 feet west of Bakerton 
Road.  
 
The Elk Run intake is supplemented by flow provided by the Harpers Ferry Town Spring which is located 
adjacent to the Baltimore and Ohio Railway northwest of Harpers Ferry.  The average flow from this 
spring is estimated at 85 gpm as determined by the Harpers Ferry Water Works. 
 
The third source of raw water is an existing intake on the Potomac River.  This intake is utilized during 
times of insufficient flow from either Elk Run or the Town Spring intakes, or in the event of 
contamination to the primary source of raw water. 
 
A report compiled by the West Virginia Rural Water Association (WVRWA) identified several sources of 
possible surface water and groundwater contamination, including runoff from transportation corridors 
and construction activities, on-site water and sewer facilities, underground storage tanks, accidental 
commercial/industrial discharge and upstream water/wastewater treatment facilities. 
 
Other than general recommendations for watershed management and pollution prevention, no specific 
water quality parameters were offered for either the Elk Run/Town Spring or the Potomac River sources.   
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WATER ALLOCATION PERMIT 
 
There is currently no water withdrawal permit associated with Elk Run or the Town Spring according to 
Josh Carter, Harpers Ferry Water Works. 
 
The water allocation permit from the Potomac River was not available for this project. 
 
WATER DEMAND 
 
For purposes of this feasibility study, no projected system demands are being considered to account for 
population growth or distribution system expansion. Current demands of the existing service area will 
be analyzed to determine the required remediation of the treatment facility and the distribution system.  
Harpers Ferry Water Works does not anticipate any foreseeable system extensions.  
 
PLANT OPERATIONS  
 
Oversight of the Water Works is provided by a five (5) member Water Commission appointed by the 
town council. The Water Commission is chaired by Barbara Humes.  The Harpers Ferry Water Works 
must comply with the WV Public Service Commission Rules for the Government of Water Utilities. 
 
Based on the complexity of treatment and population served, the Harpers Ferry Water System is 
classified as a Class II public water system. The water system currently employs one (1) Class DW-3 
certified operator, one (1) Class DW-2 certified operator, one (1) Class DW-1 certified operator and one 
(1) Class DW-OIT certified operator.  A list of the current certified operators is as follows: 
 
• Joshua Carter (Chief Operator), Class DW-3, Operator ID -  WVOP10003 
• John Garza,  Class DW-2, Operator ID -  WVOP10502 
• Brandon Chuvalas,  Class DW-1, Operator ID -  WVOP11459 
• Christian Styer, Class DW-OIT Operator ID -  WVOP29457 

 
TOTAL PRODUCTION  
 
The average production for the treatment plant is 350 gpm or 284,000 gallons per day (gpd) based on 
the treatment facility operating 13.5 hours per day.  The peak capacity of the facility is 500,000 gpd 
based on the treatment facility operating 24 hours per day. 
 
UNACCOUNTED FOR WATER (LOST WATER)  
 
This category is the difference between total plant production and metered consumption plus other 
consumption.  The difference is attributable to system leakage, possible inaccuracies in metering/ 
recording and overflow of finish water at the Bolivar Heights storage tanks.  Typically, systems of this 
age have "lost water" percentages of 15 to 30%.  Water loss for the existing distribution system ranges 
from 41 to 62% of the finish water produced by the treatment facility, as recorded by the Harpers Ferry 
Water Works.  Water loss records indicate a reduction in water loss over the last three (3) years and 
further action should be taken to reduce this percentage to acceptable levels. 
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WATER STORAGE 
 
General - State of West Virginia Department of Health and Human Resources (DHHR) requirements 
specify that a minimum storage of two (2) times the average daily demand of 150 gallons per customer, 
plus fire flow capacity be provided.  For the 821 current customers, this equates to 246,300 gallons.  The 
Bolivar Heights storage tanks have a combined storage capacity of 1,019,000 gallons of finish water. 
 

Table 1 - Bolivar Heights Water Storage Tanks Capacities 
 

Locations 
 

Type Material Capacity (gallons) 

Tank #1 Ground Level Tank Welded Steel 500,000 
Tank #2 Ground Level Tank Welded Steel 278,000 
Tank #3 Ground Level Tank Riveted Steel 241,000 

   
Total 

 
1,019,000 

 
Finish Water Storage Assessment - Based on DHHR criteria, approximately 4.13 days of finish water 
storage is provided.  Although this is sufficient, "water age" can become a factor.  Water age (residence 
time in the tank) does not generally become a problem until six (6) to seven (7) days.  At these times, 
bacteriological growth, disinfection byproducts (DBP) and loss of chlorine residual may become 
problematic. 
 
Fire Storage Volume - The ISO Public Protection Classification (PPC) program sets forth the 
requirements for fire suppression flows within a public distribution system based on several factors, 
such as building construction materials, proximity of buildings to one another and available public 
protection services. Assuming that no pumping to the Bolivar Heights tanks is being performed during 
an emergency and a rate of 3,500 gpm is being withdrawn for fire suppression for a period of two (2) 
hours, the existing distribution system will require approximately 420,000 gallons of water from the 
Bolivar Heights storage tanks.  If the 246,300 gallons required by DHHR for consumer use and these 
420,000 gallons are included in the total tank storage requirements, a total of 666,300 gallons is 
required to fully satisfy DHHR requirements.  As shown in Table 1 above, the total capacity of the Bolivar 
Heights tanks is 1,019,000 gallons and thus is acceptable.  
 

Note:  The 3,500 gpm flow rate for a period of two (2) hours has been assumed as a worst case 
for the typical type of construction located within Harpers Ferry and the surrounding water 
distribution area.  The actual fire flow requirements are not known at this time and may be 
higher or lower as determined by an ISO certification. 
 

SOURCE WATER QUALITY   
  
General - Our office has examined four (4) years worth of daily source water quality information for 
basic parameters such as temperature, turbidity, pH, hardness and alkalinity from the primary intake 
(Elk Run and the Town Spring).  Over this time, treatment facility personnel have recorded 800 
measurements of each parameter.  A statistical analysis of this data has produced the following: 
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Table 2 - Elk Run Intake Water Quality Data 
 

Parameter 
 

Range of 
Values* 

 

Average 
Value 

 

Maximum 
Value 

 

Minimum 
Value 

 
pH 7.5 - 7.9 7.7 8.2 7.1 
Alkalinity 245-309 mg/l 277 mg/l 382 mg/l 176 mg/l 
Temperature 10.4°C- 18.6°C 14.5°C 23.2°C 5.0°C 
Turbidity 2.2 - 11.6 NTU 6.9 NTU 40.7 NTU 0.1 NTU 
Hardness 305-353 mg/l 329mg/l 398 mg/l 242 mg/l 

 
*Represents statistical standard deviation 

 
Conclusions - This above water quality data is considered representative of the combined raw water 
from Elk Run and the Town Spring.  These parameters are essential for designing basic treatment 
operations such as coagulation, sedimentation and filtration.  The pH, alkalinity and turbidity are 
considered ideal for use as a raw water supply.  The water hardness is classified as "very hard".  The raw 
water turbidity has been known to spike at times and the plant has shut-down.  By upgrading the pre-
treatment system with raw water chemical coagulation, flocculation and proper sedimentation 
baffling/effluent weirs, the settled water turbidity will be reduced significantly.   
 
Distribution System Bacteriological Testing - Monthly distribution system testing of E. coli and total 
coliform revealed "not detected" results.  The criteria for testing these microbiological contaminants is 
based on population served.  Two (2) samples are taken monthly.  The limit is no more than one positive 
test for total coliforms. 
 
The 2010 review of source water cryptosporidium indicate that no additional treatment beyond the 
conventional treatment is needed to meet the Long Term 2-Enhanced Surface Water Treatment Rule.  
The existing treatment plant currently achieves compliance with WV DHHR criteria for turbidity removal 
and generally conforms to the 0.3 NTU filter effluent optimization goal.  A review of recent monitoring 
results at the entry points to the distribution system has shown all regulated volatile organic compounds 
(VOCs) and synthetic organic compounds (SOCs) to be at non-detectable levels.  Test results for Nitrate, 
Nitrite, Inorganic and Radionuclides indicate the level of all contaminants to be below the established 
maximum contaminant levels (MCLs).  
  
Recent DBP testing has indicated that the limits for Haloacetic Acids (HAA5s) and Total Trihalomethanes 
(TTHMs) are well below the regulatory limits which may be attributed to source water alkalinity and low 
levels of TOC (Total Organic Carbon) and NPOM (Naturally Present Organic Matter). 
 
The Town is faced with USEPA regulations including the Stage 2-Disinfection Byproducts Rule and Long 
Term 2-Enhanced Surface Water Treatment Rule which places emphasis on particle removal, pathogen 
disinfection, source water contamination testing and disinfection byproducts abatement.  New 
treatment techniques and technologies are necessary for compliance. 
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Summary of Source Water Quality - The Elk Run/Town Spring intake is a high quality primary water 
source and the Potomac River is a viable secondary source in the event of an emergency.  The primary 
water sources are generally characterized by optimum levels of pH, alkalinity and turbidity.  Also, the 
source has low levels of iron and manganese.  No evidence of inorganic or organic (synthetic and 
volatile) chemicals exists. 
 
The primary source also has characteristics of a shallow, stream intake.  The raw water contains 
naturally present organic matter (NOM); however, based on the most recent LT2 testing results, the 
facility remains a Bin No. 1 classification.  The stream is subject to spikes in turbidity, depending on 
weather conditions.  Temperature effects are also important, especially in the summer.  Given increased 
DBP and filtration regulations, the ability of a treatment process to maintain consistent particle removal 
is critical.  It is with this perspective that we now examine the performance of the treatment plant. 
 
EXISTING WATER TREATMENT FACILITY AND RECOMMENDED UPGRADES 
 
Description - The Harpers Ferry Water Works is a physical-chemical plant consisting of raw water 
pumping, pre-sedimentation, chemical additions (DelPAC, chlorine, fluoride), packaged  sedimentation 
and filter systems, disinfection (chlorine addition), chlorine contact time (clearwell) and high service 
pumping to a public distribution system.  Related operations include filter backwashing and monitoring, 
control of basic treatment parameters and manual control of pumping facilities. 
 
A schematic of existing plant operations can be found in Appendix A. 
 
Discussion - The existing plant currently is in compliance with the West Virginia Bureau for Public Health 
(WVBPH) criteria for turbidity removal.  Treatment effectiveness is demonstrated by combined effluent 
turbidity less than 0.3 NTU of the measurements taken each day.  
 
Although the turbidity standard will continue, the degree of treatment will ultimately be judged by 
source water sampling for cryptosporidium and E. coli.  The higher the level of cryptosporidium 
detected, the higher the level of treatment required.  Therefore, future treatment performance, though 
essential, will be more affected by the technology compatible with the level of source water 
contamination detected. 
 
Treatment techniques and multiple barriers ("log removal") will tend to achieve compliance better than 
stand-alone, operator-dependent systems.  In other words, newer treatment technologies (ozone, UV, 
membrane, etc.) used in series and acting as multiple-barriers will be more effective for particle removal 
than operator optimization of a conventional filter or reliance on coagulation chemistry.  
 
The likelihood of cryptosporidium detection in Harpers Ferry source water is probable.  An assumption 
can be made that regardless of existing plant performance, the Harpers Ferry Water Works will be faced 
with improvements to the treatment system beyond just minor modifications.  
 
Unit Operations - The following section provides a general description of each of the major components 
of the existing treatment facility.  Included are deficiencies identified during the evaluation, as well as 
those identified by OEHS during their Sanitary Survey performed in January 2012, along with 
recommendations. 
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Basic Treatment Plant Data - The following plant production data and design criteria is based on current 
operations: 
 
• Current Daily Production:  284,000 gallons (350 gpm) 
• Time of Operation:  13.5 hours per day  
• Design Capacity:  500,000 GPD (350 gpm) 
• Filtration Rate: 5.0 gpm/sq. ft.   
 
Elk Run/Town Spring Raw Water Intakes - The existing intake and screen on Elk Run has been in service 
since approximately 1985 and appears to be in good working order.  The existing debris screens do not 
show signs of corrosion and cleaning tools are present at the intake to remove any obstructions within 
the screens.  It was reported that the operators perform a daily inspection of the intake site.  It is our 
opinion that no upgrades/modifications will be required to this intake.      
 

 
 

Photo 1:  Elk Run Intake Structure 
 
In addition to the Elk Run intake, raw water is provided to the treatment facility from the Harpers Ferry 
Town Spring.  The raw water at the Town Spring is collected by a precast concrete circular intake and is 
conveyed by gravity to an existing wet well where it is combined with raw water from the Elk Run 
Intake.  The estimated average amount of flow from this spring is 85 gpm, however; at the time of the 
site visit for this report the flow was zero (0) gpm.  Due to the minimal amount of water collected at this 
intake and fluctuations in the amount of flow generated by the spring, the Town Spring should not be 
considered a viable source of raw water.  It would be helpful to know the amount of flow that is 
entering the wet well from the Town Spring, thus Harpers Ferry Water Works may want to consider 
adding a flow meter to this line. 
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Photo 2:  Existing Town Spring Intake 
 
Potomac River Raw Water Intake - Due to the fact that the Potomac River intake is not the primary 
source of raw water and is only used during times of low flow in Elk Run or in the event of emergency, it 
is not recommended that any additional upgrades be performed at this intake.  The use of the portable 
air compressor to clean the intake screen at the Potomac River is not ideal, however, the intake is only 
used occasionally and a permanent air backwash system is not warranted.   
 

Recommendations:   
 

The Potomac River intake screen should be cleaned and the pumps should be exercised a 
minimum of once per month to verify working conditions.  Additionally, the intake screen should 
be inspected regularly to ensure unrestricted flow.  Check for trees, zebra mussels, algae, etc. 
that could be blocking the screen. 

 
Raw Water Pumping - Raw water is pumped to the existing treatment facility from an existing concrete 
wet well.  The existing wet well consists of dual 10 HP Fairbanks Morse submersible pumps rated at 350 
gpm.  The pump controls are currently exposed to the elements and are showing signs of rust and 
corrosion.  The wet well and pump controls are currently located within the 100-year flood elevation.  
Operators verified that this low lying area is prone to flooding. 
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Photo 3:  Raw Water Wet Well and Pump Controls 
 

 
 

Photo 4:  Wet Well Submersible Raw Water Pumps 
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Recommendations:   
 

It is recommended that the submersible pumps be replaced with more efficient vertical turbine 
pumps with variable frequency drives (VFDs).  Vertical turbine pumps are more energy efficient 
for this application and should require smaller pump motors to operate under the same design 
conditions as the submersible pumps.  VFDs will aid in pump efficiency and offer better flow 
control to the treatment facility.  A new submerged pressure transducer should be installed in 
the wet well to measure level for pump control.  
 
A new concrete wet well with masonry building structure is recommended at the existing intake 
location. The building will provide additional security, keep the equipment above the floodplain 
and provide a temperature controlled environment that will prolong the life of the equipment.    

 
Pre-Sedimentation Basin - An existing 77,000 gallon concrete pre-sedimentation basin is located 300 
feet south of the existing treatment facility.  At the treatment plant capacity rate of 350 gpm, an 
approximate detention time of 220 minutes (3.67 hours) is achieved in the basin.  This detention time is 
within the 2-4 hour range as required by WV BPH. 
 

 
 

Photo 5 - Pre-Sedimentation Basin 
 
Pre-Sedimentation Basin Deficiencies 
 
The existing pre-sedimentation basin is currently not functioning like a typical sedimentation basin in 
terms of “pre-treatment”.  Due to lack of coagulation chemicals fed prior to the sedimentation basin, 
this basin in its current design is nothing more than a heavy solids (sand, dirt, grit, leaves, etc.) settling 
basin.  Even with over three (3) hours of detention time, the basin does not effectively reduce total 
organic carbon (TOC) or raw water turbidity.  Properly designed sedimentation basins should reduce 
TOC by 25-40% on average with average settled water turbidity being less than 2.0 NTU.  It was 
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reported that the total solids accumulation in the basin over the last few years was nothing more than a 
few inches of sediment.  It is estimated that the effective rate of TOC removal for the current basin is 
less than 5%.  Higher levels of organics can lead to an increase in the formation of disinfection 
byproducts (DBPs).   
 
Furthermore, without the use of an oxidant before the sedimentation basin, the soluble forms of metals 
such as iron, manganese and aluminum cannot be settled or filtered.  These metals will pass through the 
filters and then be oxidized in the clearwell when subjected to chlorine.  This can lead to increases in 
these secondary contaminants in the finish water which can cause health problems and unwanted 
staining, color, taste or odor.   
 
The existing basin lacks flocculation basins were colloidal “floc” particles are formed allowing for 
improved settling to occur.  The basin also lacks any perforated or inlet baffle walls and effluent 
weirs/launders which prevent short-circuiting.  There is currently no mechanical means of removing 
sludge in the basins. 
 
New Raw Waterline Vault 
 
It is recommended that a precast concrete vault be placed between the raw water intake building and 
the pre-sedimentation basin to accommodate chemical injections, a new raw water flow meter and an 
in-line static mixer. 
 
The amount of raw water entering the existing pre-sedimentation basin is currently unknown due to 
lack of a flow meter.  By adding a new flow meter, the upgraded raw water pumps will be able to 
maintain a desired plant flow setpoint, while properly pacing the raw water chemicals.  Reasons for 
adding the coagulant (DelPAC 2020) and sodium permanganate to the raw water before it enters the 
pre-sedimentation basin are as follows:   
 
• Coagulant followed by a new static mixer will allow for proper coagulation of particles which can 

more easily settle out in the sedimentation basin.   
• The sodium permanganate will act as an oxidant to the soluble metals bringing them to an 

insoluble and settable/filterable state. 
• The sodium permanganate will also help prevent the growth of algae in the sedimentation basin 

and assist in taste and odor removal.   
 
Pre-Sedimentation Basin Modifications 
 
Alterations to the existing pre-sedimentation basin are also recommended.  These alterations include 
the addition of flocculation mixing basins and flocculation mixers.  Sluice gates and baffle walls should 
be included in the new flocculation basin with a minimum detention time of 30 minutes as 
recommended by WV BPH.  The flocculation basins should be designed to provide redundancy in both 
equipment and detention time. 
 
The sedimentation tank requires the addition of a sludge collection mechanism with a grout sloped 
bottom and drain which can be discharged into to the existing waste holding tanks.  Also, effluent v-
notch weirs and launderers and a new combined effluent channel should be added to the basin for 
discharge of settled water into the treatment facility.  Furthermore, a new ultrasonic level transducer 
should be provided to maintain a level in the sedimentation basin effluent channel.   
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Additional electrical upgrades are required to be extended from the existing treatment facility to the 
existing basin and proposed vault to power the above mentioned equipment. 
 
Chemical Treatment - The following chemicals and application points are currently provided at the 
Harpers Ferry Water Works water treatment plant: 
 
• Coagulation:  Polyaluminum Chloride (DelPAC 2020) 
• Disinfection:  Chlorine Gas (pre-filtration and pre-clearwell chlorination) 
• Fluoridation:  Sodium Fluoride 
 

 
 

Photo 6 - DelPAC 2020 Chemical Feed Equipment 
 
DelPAC 2020 (for coagulation) and chlorine gas (pre-filtration disinfection) are injected ahead of the in-
line static mixer prior to the filters.  Sodium fluoride for fluoridation and additional chlorine gas is added 
into the filtered water before entering the clearwell.  All chemical feed rates are adjusted manually by 
the operators.  The following are the results of the statistical analysis of chemical addition since 2010: 
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Table 3 - Summary of Chemical Additions 
 

 
Parameter 

 

Range of 
Values* 

Average 
Value 

Maximum 
Value 

Coagulant (mg/l) (DelPAC) 
 

11.4 - 22.2 mg/l 16.8 mg/l 46.9 mg/l 

Coagulant (lbs/day) (DelPAC) 21 - 44 lbs/day 32 lbs/day 92 lbs/day 
 
Fluoride (gal/day)  
[Sodium Fluoride]** 

 
12 - 14 gal/day 

 
13 gal/day 

 
33 gal/day 

 
Fluoride (gal/day) 
[Hexafluorosilic Acid]** 

 
4 - 7 gal/day 

 
6 gal/day 

 
12 gal/day 

 
Pre-Filtration Chlorine (mg/l) 

 
0.5 - 1.2 /mg/l 

 
0.8 mg/l 

 
3.5 mg/l 

 
Post-Filtration Chlorine (mg/l) 
 

 
1.1 - 2.0 /mg/l 

 
1.5 mg/l 

 
4.2 mg/l 

Pre-Filtration Chlorine (lbs/day) 0.9 - 2.4 lbs/day 1.6 lbs/day 5.0 lbs/day 
 

Post-Filtration Chlorine (lbs/day) 2.0 - 4.0 lbs/day 3.0 lbs/day 8.0 lbs/day 
 
 *Represents statistical standard deviation 
 **Sodium fluoride substituted with hexafluorosilic acid in October 2012 (per Harpers Ferry Water 
Works records)  

 
The average values are typical for chemicals used in similar water treatment operations.  The higher 
dosages of chlorine reflect significant pre-filtration chlorination to achieve CT disinfection during periods 
of high water temperature and turbidity.  The higher dosages of coagulant are due to the lack of 
detention time in the existing packaged flocculation and filtration tanks.  The age of the feed equipment 
limits the accuracy of the desired feed rate and none of the feed systems are paced with treatment 
plant flow.  Plant personnel do not have the ability to feed multiple coagulants nor does spare chemical 
feed equipment exist.  There is currently no means of adjusting pH in any of the treatment processes. 
 

Recommendations: 
 

Provide a new corrosion resistant shelf with two (2) new peristaltic chemical feed pumps (one as 
a spare) for both the DelPAC 2020 and Fluoride chemical feed stations.  Also provide new 
chemical resistant 55 gallon drum scales for each chemical with a 4-20 mA output signal for 
monitoring/reporting at the new plant SCADA.  Also, provide the above equipment for new 
liquid sodium permanganate and a spare chemical feed system.  The fluoride should be 
contained in a permanent air-tight day tank that is vented outside due to toxic and corrosive off-
gassing fumes.  Harpers Ferry Water Works should also remove the existing soda ash/carbon dry 
chemical feed system since it is no longer in service.    
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The existing valves in the gas chlorine room are showing significant signs of corrosion.  It is 
recommended that the manual shut-off ball valves and the electrically actuated solenoid valves 
in the gas chlorine room be replaced with new 316 stainless steel valves.  

 
Filtration - After chemical addition, the settled water is split and diverted to two (2) modular Aquarius 
packaged mixed media treatment systems each rated at 350 gpm.  The units consist of dual 
compartment flocculation tanks, tube settlers and filter media beds with a design production rate of 5 
gpm/sq. ft. of filter media area.  
 

 
 

Photo 7 - Packaged Mixed Media Filter 
 

The basic technical parameters of the existing filtration system are as follows: 
 

• Two (2) packaged filtration units operating in parallel 
• Flocculation Detention Time: 15 minutes per unit (2 units) 
• Filter Bed Surface Area: 35 sq. ft. per filter (70 sq. ft. total) 
• Design Filtration Rate:  5 gpm/sq. ft. (Theoretical at 350 gpm) 
• Media (Filter Material) 
 

a. 12” of anthracite  
b. 10” inches of silica sand 
c. 3”  inches of garnet sand 
 

• Backwash Criteria 
 

a. Run Time: 13.5 hours 
b. Backwash Frequency: 12 hours 
c. Filter Turbidity:  < 0.20 NTU 
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• Backwash Sequence 
 

a. Filter Drawdown 
b. Surface Wash (1.5 minutes) 
c. Backwash (6 minutes @ 18 gpm/sq.ft.) 
d. Backwash Pump Flow Rate (500 gpm) 
e. Filter Placed Back in Service 

 
As the filter modules remove particles and accumulate headloss, backwashing is required to restore the 
filter hydraulic capacity.  All backwashes are initiated manually by the operator on duty.  The backwash 
waste is diverted to the existing holding tanks.   

 
The packaged filter modules have been in continuous use for nearly 30 years since the treatment plant 
was constructed in 1985.  The filter modules have reached or are near the end of their effective service 
life.  It is our opinion that these filter modules should be replaced.  Refer to the Water Treatment 
Facility Upgrade Alternatives Evaluation located in this report for additional information regarding the 
filter system options. 
 
Finish Water Clearwell - The filtered water is conveyed to a 21,000 gallon above grade glass-lined 
clearwell via filtrate pumps.  Most recent LT2 testing results require a minimum 2-log deactivation of 
filtered water prior to distribution.  Removal/deactivation of Giardia cysts is currently performed in the 
packaged filters and clearwell prior to the water being pumped into the public water distribution 
system.  Dual HACH CL17 online chlorine residual analyzers continually monitor and record the residual 
chlorine levels in the finish water.  If the residual chlorine drops below 1.0 mg/L, an alarm is sounded 
and an autodial system is engaged to notify the operators.  If the residual chlorine drops below 0.5 
mg/L, the facility is shut down.  
 

 
 

Photo 8 - Glass-Lined Ground Level Clearwell (21,000 Gallon) 
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The basic technical parameters of the clearwell are as follows: 
 

• Total Clearwell Volume:  21,000 gallons 
• Effective "Contact" Baffling Factor:  0.10 (assumed) 
• Total Effective Volume: 2,100 gallons (tank full) 

 
Disinfection Contact Time - The January 2012 OEHS Sanitary Survey determined a 3.20-log deactivation 
was being achieved by current treatment facility operations (see table below).  This level of deactivation 
was calculated with an assumed removal credit of 2.50-log for filtration.   
 

Table 4 - Calculated CT Values and Log Removals from OEHS Sanitary Sewer, January 2012 
 

 
Volume 
(gallons) 

Flow 
(gpm) 

Baffling 
Factor 

Chlorine 
Residual 
(mg/L) 

Temp. 
(°C) pH 

CT Value1 
(min mg/L) 

Log2 
Removal 

Flocculation/Sedimentation 
in Filter modules 

17,500 350 0.70 0.7 9.0 7.4 24.5 0.55 

Filters3        2.50 
Clearwell4 19,569 350 0.10 1.3 9.0 7.4 7.26 0.15 
        3.20 

1 CT = (Volume/Flow)*(Baffling Factor)*(Chlorine Residual) 
2 General Equation for Temperatures > 5°C 
 Log Reduction = (CT) / ((0.2828)*(pH2.69)*(Free Chlorine0.15)*(0.933T-5)) 

3 Log removal credit for filtration system 
4 Volume of water in the clearwell at the time of testing was used.  Maximum capacity of clearwell is 

21,000 gallons. 
 
This log reduction value is dangerously close to a minimum 3.0-log inactivation if the system falls into a 
"future" Bin 2 classification.  In fact, a slight decrease in chlorine concentration and/or increase in pH, 
results in an inactivation less than that which would be required.  Also, during current filter 
backwashing, water is extracted from the clearwell which decreases the log inactivation.  The existing 
clearwell (0.15-log) is significantly undersized per WV BPH requirements. The clearwell should be 
designed for a minimum 1.0-log removal at worst case water quality conditions.  Additionally, 3.0-log 
reduction should be obtained independently of the filtration units in the event of emergency or if the 
filtration units need to be taken offline.  This would not be possible with the current treatment plant 
processes and configuration.  However, this would be accomplished by placing a new precast concrete 
vault between the wet well and the pre-sedimentation basin for chlorine injection into the raw water, as 
recommended earlier in the report.  This would allow additional contact time to occur in the new 
flocculation tanks and sedimentation basin.  Please be advised that pending the results of any future 
Stage 2-Disinfection By-Product Rule Testing, Harpers Ferry Water Works could be required to provide a 
minimum of 4.0-log inactivation of Giardia.   
  
It is not recommended to feed chlorine (except under emergency conditions) at any application point 
prior to the filters because this will have a negative effect on the finish water quality due to the 
potential for DBP formation. 
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Recommendations: 
 

A new 120,000 (+/-) gallon above grade clearwell should be provided adjacent to the existing 
clearwell in order to create increased contact time for log deactivation prior to finish water 
being pumped to the distribution system.  This new clearwell volume will provide a minimum of 
1.0-log removal at worst case water quality conditions.  This tank should possess an internal 
mixing system to increase the baffling factor and thus increasing the effective volume (0.3 
minimum).  The most economical tank of this size is a bolted or welded stainless steel ground 
level tank.  Stainless steel tanks require minimal upkeep and have long service-lives.  Please note 
that it is not being recommended to construct a concrete baffled clearwell below grade due to 
the presence of a nearby septic drain field which could potentially contaminate the finish water. 

 

 
 

Photo 9 - Proposed Example of a Bolted Stainless Steel 
Ground Level Tank (165,000 Gallon Shown) 

 
Due to the existing glass-lined tanks age, size and lack of effective volume, it is not considered feasible 
to utilize this tank in the new design, thus it is recommended to abandon the 21,000 gallon clearwell in 
place. 
 



 
13045/Rpt/HarpersFerryFeasStudy_Nov2013.doc -21- 

Finish Water Pumps and Piping - The finish water is pumped to the existing distribution system by two 
(2) 75 HP Allis Chalmers split case centrifugal pumps rated at 200 gpm each and a total dynamic head 
(TDH) rating of 410 feet. The flow from the clearwell is metered by a newly installed and calibrated 6-
inch Badger turbine meter.  The pumps are controlled manually at the treatment facility based upon the 
water storage tank levels located in Bolivar Heights.   
 

 
 

Photo 10 - Finish Water Pumps and Piping 
 
Pumping Deficiencies 
 
The actual recorded pump flow rate at the time of the study was 350 gpm at 345 feet TDH, meaning that 
the pump was operating heavily on the right-hand side of the performance curve, which could damage 
both the motor and impeller.  It also means that the pump is not operating efficiently which is critical to 
ensure long life and minimize energy consumption.   
 
There are no check valves located on the discharge side of either pump; in fact, the operators reported 
that they can hear the pump impellers rotate in the reverse direction at times when the plant is shut 
down.  There are currently two (2) separate Golden Anderson pressure surge relief valves on the 
discharge side of the pumps.  These valves have been very problematic and were leaking during the site 
visit.   
 

Recommendations: 
 

It is recommended to provide two (2) new properly sized finish water pumps and motors.  It is 
recommended that silent check valves be installed on the discharge side of each pump, thus 
omitting the surge pressure relief valves.  It is also recommended that the pumps be controlled 
by new variable frequency drives (VFDs).  The VFDs will provide a way of varying the 
speed/flowrate of the pumps while making them more energy efficient.  The drives will also 
allow adjustments to prolong the acceleration and deceleration set-points, which will reduce 
distribution system water hammer and pressure surges.  These pressure surges are known to be 
a direct cause of main breaks in old, deteriorated distribution system piping.   
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Distribution System Piping Near Treatment Plant 
 
There is an existing 8-inch cast iron waterline that exits the treatment facility, crosses beneath Bakerton 
Road and lies exposed in Elk Run (see below) before it extends to the storage tanks.  This section of pipe 
needs replaced with a new ductile iron pipe that is bored beneath Bakerton Road and Elk Run. 
 

 
 

Photo 11 - Exposed 8-inch Distribution System Pipe in Elk Run 
 
Backwash Holding Tanks - Backwash effluent is discharged to two (2) concrete holding tanks located 50 
feet north of the existing treatment facility.  The solids are held in this tank while the effluent is 
discharged (via gravity decanting) to an approved NPDES discharge location on Elk Run.  The tanks 
appear to be in good condition and consist of approximately 50,000 gallons of storage per tank for a 
total of 100,000 gallons.   
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Photo 12 - Backwash Holding Tanks 
 
Additional waste storage volume is not necessary at this time; however, the holding tanks are in dire 
need of being cleaned.  It is estimated that both tanks are nearly 85% full of accumulated solids, leaving 
minimal detention time for incoming wastewater.  There is currently no easy way of disposing of the 
solid waste.  It appears that the tanks would need dewatered and pumped out with a vacuum truck.  
This method of disposal is very time consuming and expensive.  It may be possible to provide new 
concrete ramps leading to the bottom of the tanks for cleaning by means of a small excavator.  Typically, 
these waste tanks have dual solids handling pumps so the solids can be conveyed to sand drying beds 
located at ground level for more efficient drying and cleaning.  Due to site restrictions and budget 
concerns, neither concrete ramps nor sand drying beds may be required at this time but should be 
considered as a future upgrade.  It is estimated that concrete ramps would cost $75,000 and new waste 
pumps and drying beds would cost approximately $150,000.  It is recommended that the waste tanks be 
cleaned annually.   
 
Plant Electrical/Control System - The plant motor control center, telemetry system and control system 
are outdated and problematic.  The operators reported that many electrical wires and equipment have 
corroded and failed within the last ten (10) years.  This is likely associated with the interior open-top 
filter tanks and non-contained chemical feed systems which create a damp and chemically concentrated 
off-gas that leads to steel corrosion.  The current telemetry system is not in proper working condition 
and should be replaced with a new 900 MHz system.  The facility lacks a plant Supervisory Control and 
Data Acquisition (SCADA) system, thus all process control changes and reporting is performed manually.  
A new SCADA system will save time and provide additional alarming, trending, reporting and security 
that otherwise exists.  All existing and proposed process instruments, control valves, flow meters, scales, 
motor controls, pump statuses and speeds, etc. should be wired into the new Plant SCADA System for 
control and monitoring purposes.  The existing telemetry system chart recorders can be removed with 
the addition of a new telemetry system. 
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The existing facility currently lacks an emergency generator or other secondary source of power.  It was 
reported by the operators that several power failures and surges take place each year, causing 
disruption of the treatment process, major alarms, equipment failures and manual restarting of the 
facility.  To ensure system reliability, a new emergency generator and automatic transfer switch should 
be provided which has sufficient capacity for all necessary process electrical loads. 
 

 
 

Photo 13 - Plant Motor Control Center 
 
Plant Instrumentation 
 

A. On-line Sampling Equipment - The following instrumentation is utilized at the existing 
treatment facility: 

 
• One (1)  HACH 1720E On-line Turbidimeter (Settled Water) 
• Two (2)  HACH 1720E On-line Turbidimeter (Combined Filter Effluent) 

a. Calibrated quarterly by a Certified Operator to manufacturer’s specifications 
b. Records to a twenty-four (24) chart recorder 

• Two (1) HACH CL17 Online Chlorine Analyzers  
a. Measures free chlorine continuously 
b. Records to a twenty-four (24) chart recorder 

 



 
13045/Rpt/HarpersFerryFeasStudy_Nov2013.doc -25- 

Recommendations:  
 

A new raw water surface scatter turbidimeter should be installed on the raw waterline.  This 
turbidimeter will assist the operators in the proper dosage rates for the coagulant and sodium 
permanganate and also show the difference in the raw and settled water turbidity.  The chart 
recorders can be removed with the installation of a new plant SCADA system.  The Town may 
want to consider the addition of a HACH CA610 continuous online fluoride analyzer given the 
tighter restrictions on maximum fluoride residual.   

 
B. Laboratory Equipment - The following laboratory equipment is used to continuously 

monitor chlorine residual, pH and influent turbidity: 
 

• One (1) HACH 2100N Laboratory Turbidimeter (Raw, Settled and Filtered Water) 
 
a. Calibrated quarterly by a Certified Operator to manufacturer’s specifications 

 
• HACH Pocket colorimeter (Chlorine, Fluoride and pH) 

 
Raw water alkalinity and hardness are calculated via titration and temperature is determined via a 
thermometer in the laboratory.  Proper laboratory equipment is provided, calibrated and maintained.   
 
Finish Water Storage - The three (3) existing water storage tanks are considered adequate based on the 
WV BPH finish water storage and ISO fire flow criteria.  The tanks provide 1,019,000 gallons or 4.13 days 
of storage. 
 

 
 

Photo 14 - Finish Water Storage Tanks 
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Recommendations:  
 

It is recommended that the repairs to Tank #1 and Tank #2 be made as recommended by the 
2012 Pittsburg Tank & Tower Maintenance Company.  Refer to Appendices C and D for copies of 
the tank inspections along with cost estimates.   Additionally, the visual tank level gauges should 
be repaired and a new telemetry system should be installed.  This system will allow operators at 
the treatment plant to remotely view the tank levels while the new SCADA can control the 
clearwell finish water pumps.  In addition to the convenience of remote operation, the 
telemetry system will reduce the amount of “lost water” due to tank overflows.   

 
New Booster Pump Station - Due to low system pressures along Prospect Avenue (Bolivar Heights), 
Harpers Ferry should install a new booster pump station.  The reason for the low pressures (residuals 
less than 25 psi) is due to elevation constraints.  Most of these homes and fire hydrants are within a few 
hundred feet of the existing water storage tanks.   
 

Recommendations: 
 

The new booster pump station should be installed along Prospect Avenue in the area shown in 
the photograph below.  This building should consist of a concrete foundation with CMU walls 
and a wood truss/shingled roof similar to that of the proposed intake building.  The proposed 
building will house the inline booster pumps, valves, piping, electrical components and variable 
frequency drives.  A new telemetry system will enable control of the booster pumps from the 
water treatment facility. 

 

 
 

Photo 15 - Proposed Location of New Booster Pump Station along Prospect Avenue (Near Tanks) 
 



 
13045/Rpt/HarpersFerryFeasStudy_Nov2013.doc -27- 

New Radio Read Meters - New radio read water meters are proposed for the distribution system to 
twenty (20) customers (800 plus).  The Town currently utilizes manual read meters and readomatics 
which are ten (10) years old.  A new Sensus FlexNet or Neptune R900 Mobile AMR meter reading system 
will enable Harpers Ferry to conserve their resources, improve reliability, accuracy and flexibility of their 
system while providing enhanced customer service.  The radio read system uses a single licensed band in 
a 900 MHz spectrum to record water meter readings.  It is recommended that Harpers Ferry Water 
Works install all meters and radios in-house to save costs, while the Contractor be responsible for 
installing and programming the software packages. 
 
DISTRIBUTION SYSTEM UPGRADES 
 
The existing Harpers Ferry Water Works distribution system provides service to 821 residential and 
commercial customers in Harpers Ferry, Bolivar and the surrounding areas.  The system also provides 
water to the Harpers Ferry National Historical Park, the Harpers Ferry/Civil War Battlefields KOA 
Campground and the former Storer College campus. 
 
The system consists of approximately 30,000 linear feet of distribution mains ranging in size from 3/4-
inch to 10-inch.  An existing 10-inch PVC (C-900) distribution main leads from the Bolivar Heights finish 
water storage tanks to Polk Avenue and Washington Street.  This existing PVC main continues on 
Washington Street and transitions to an existing 6-inch asbestos cement (AC) pipe at Columbia Street.  
This existing AC pipe then continues down High Street to the intersection of High Street and 
Shenandoah Street.  These two (2) mains provide service to the majority of Harpers Ferry and Bolivar, 
with several other branches providing individual service. 
 
The Harpers Ferry National Historical Park and KOA Campground are serviced by an existing 6-inch PVC 
main.  This main also provides service to the Cavalier Heights and Cavalier Estates subdivisions.  In 
addition to this 6-inch main, both the Cavalier Heights and Cavalier Estates subdivisions are serviced by 
8-inch distribution mains accompanied by 2-inch service lines running parallel to the 8-inch distribution 
lines.   
 
The existing distribution system was modeled using EPAnet, which is a public domain modeling system 
created by the United States government.  The model was calibrated using fire flow test results from 
tests performed by the Harpers Ferry Water Works in 2011.  Pipe sizes, lengths and locations, as well as 
storage tank information, were based on record drawings provided by the Harpers Ferry Water Works 
and the best available information at the time of this study. 
 
Due to excessive pressures at the lower elevations within the distribution system (in the vicinity of High 
Street, Church Street, Shenandoah Street and Potomac Street), a pressure reducing valve (PRV) is 
located at the intersection of Washington Street and Church Street.  This valve reduces the pressure 
from over 100 psi down to about 60 psi according to the operators.   
 
Based on existing system record drawings, it appears that an existing 6-inch PVC distribution main 
bypasses the PRV and causes high pressures (approximately 130 psi as determined by EPAnet) to 
develop in the area of Church Street.  It is recommended that this bypass be remediated to reduce the 
pressure in this area. 
 
High pressures were also located in the area at the intersection of Franklin Street and Washington 
Street and at the existing Harpers Ferry Wastewater Treatment Facility. 
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Further investigation of the record drawings indicated that there are multiple areas of redundancy (i.e. 
service mains running on both sides of the street) located within the existing distribution system.  This 
unnecessary redundancy, as well as the age of the system, contributes to both inefficiency and water 
loss within the existing system.  In addition to the redundancy in the service mains, inaccuracy in the 
existing service meters and errors in reading the meters may contribute to the high rate of recorded 
water loss within the system.   
 
There are several areas within the distribution system which do not meet NFPA requirements for fire 
protection.  These areas will require distribution system upgrades to provide emergency services to 
existing structures at a minimum.  
 
Recommendations:  
 
To address both the deficiencies and water loss within the existing system, our office recommends the 
following: 
 
W. Spring Street 
 

• Abandon the existing 1-1/4-inch IP service main 
• Install 813 LF of 6-inch PVC C-900 distribution main with appropriate trench bedding and 

thrust blocking 
• Provide domestic connections to the new C-900 distribution main 
• Install one (1) fire hydrant at the corner of Elm Street and W. Spring Street 

 
E. Spring Street 
 

• Abandon the existing 1-inch IP and 2-inch PVC service mains 
• Install 730 LF of 6-inch PVC C-900 distribution main with appropriate trench bedding and 

thrust blocking 
• Provide domestic connections to the new C-900 distribution main 
• Install one (1) fire hydrant at the corner of Cooper Street and E. Spring Street 

 
Elm Street 
 

• Abandon the existing 3/4-inch IP, 1-1/4-inch IP and 2-inch PVC service mains 
• Install 1140 LF of 6-inch PVC C-900 distribution main with appropriate trench bedding 

and thrust blocking 
• Provide domestic connections to the new C-900 distribution main 
• Install one (1) fire hydrant at the corner of Elm Street and Washington Street 
 

Spruce Street 
 

• Abandon the existing 1-inch IP service main and 6-inch AC distribution main 
• Install 775 LF of 6-inch PVC C-900 distribution main with appropriate trench bedding and 

thrust blocking 
• Provide domestic connections to the new C-900 distribution main 
• Install one (1) fire hydrant at the corner of Elm Street and Washington Street 
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Day Street 
 

• Abandon the existing 3/4-inch and 1-inch PVC service mains 
• Install 964 LF of 6-inch PVC C-900 distribution main with appropriate trench bedding and 

thrust blocking 
• Provide domestic connections to the new C-900 distribution main 
• Install one (1) fire hydrant at the corner of Day Street and Bland Street and one (1) at 

the terminus of the proposed C-900 main 
 
Bland Street 

 
• Abandon the redundant existing 1-inch IP  and 2-inch PVC service mains 
• Install 522 LF of 6-inch PVC C-900 distribution main with appropriate trench bedding and 

thrust blocking 
• Provide domestic connections to the new C-900 distribution main 
 

Polk Street 
 
• Install one (1) fire hydrant at the corner of Polk Street and Rowles Street 
 

Clay Street 
 
• Abandon the redundant existing 2-inch PVC service main near the intersection with 

Taylor Avenue 
• Provide domestic connections as necessary to the existing 6-inch C-900 distribution 

main 
 

Taylor Street (East of Jackson Street) 
 

• Abandon the redundant existing 3/4-inch and 2-inch PVC service mains 
• Install 240 LF of 6-inch PVC C-900 distribution main with appropriate trench bedding and 

thrust blocking 
• Install one (1) fire hydrant at the terminus of the proposed C-900 main 
 

Park Avenue 
 

• Abandon the existing 4-inch C-900 distribution main 
• Install 420 LF of 6-inch PVC C-900 distribution main with appropriate trench bedding and 

thrust blocking 
• Provide domestic connections to the new C-900 distribution main 
• Install one (1) fire hydrant at the corner of Park Avenue and Madison Street 
 

Warren Street 
 

• Abandon the existing 2-inch PVC service main and 4-inch C-900 distribution main 
• Install 227 LF of 6-inch PVC C-900 distribution main with appropriate trench bedding and 

thrust blocking 
• Provide domestic connections to the new C-900 distribution main 
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Mercer Street 
 

• Abandon the existing 2-inch PVC service main  
• Install 392 LF of 6-inch PVC C-900 distribution main with appropriate trench bedding and 

thrust blocking 
• Provide domestic connections to the new C-900 distribution main 
• Install one (1) fire hydrant at the corner of Mercer Street and Jefferson Street 
 

Jefferson Street 
 

• Abandon the redundant existing 3/4-inch IP service main 
• Provide domestic connections as necessary to the existing 6-inch C-900 distribution 

main 
• Extend 721 LF of 6-inch C-900 distribution main with appropriate trench bedding and 

thrust blocking to Primrose Alley 
• Install one (1) fire hydrant at the corner of Primrose Alley and Jefferson Street 
 

Primrose Alley 
 

• Abandon the existing 3/4-inch IP service main 
• Install 201 LF of 6-inch PVC C-900 distribution main with appropriate trench bedding and 

thrust blocking 
• Provide domestic connections to the new C-900 distribution main 
 

Union Street 
 

• Install one (1) fire hydrant at the corner of Union Street and US 340 and one (1) fire 
hydrant in front of Parcel 147 

 
Gilbert Street 
 

• Abandon the existing 1-1/4-inch IP service main 
• Install 734 LF of 8-inch PVC C-900 distribution main with appropriate trench bedding and 

thrust blocking.  Use existing 8-inch tees in Washington Street and Ridge Street 
• Provide domestic connections to the new C-900 distribution main 
• Install one (1) fire hydrant at the corner of Gilbert Street and Washington Street 

 
Cleveland Street 
 

• Abandon the existing 1-inch IP service  
• Install 360 LF of 6-inch PVC C-900 distribution main with appropriate trench bedding and 

thrust blocking 
• Provide domestic connections to the new C-900 distribution main 
 

Root Street 
 

• Install one (1) fire hydrant at the terminus of existing 6-inch PVC distribution main 
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Stevenson Street 
 

• Abandon the existing 3/4-inch IP service main 
• Install 460 LF of 6-inch PVC C-900 distribution main with appropriate trench bedding and 

thrust blocking 
• Provide domestic connections to the new C-900 distribution main 
 

Old Furnace Road 
 

• Extend  1060 LF of 6-inch C-900 distribution main from Mudfort Drive with appropriate 
trench bedding and thrust blocking 

• Provide domestic connections to the new C-900 distribution main 
• Install one (1) fire hydrant at the corner of Old Furnace Road and Pauling Street and one 

(1) fire hydrant at the corner of Old Furnace Road and Stevenson Street 
 

Fisher Street / Alley 
 

• Abandon the existing 2-inch PVC service main  
• Install 753 LF of 6-inch PVC C-900 distribution main with appropriate trench bedding and 

thrust blocking 
• Provide domestic connections to the new C-900 distribution main 
• Install one (1) fire hydrant at the corner of Fisher Street and Fisher Alley 
 

Marion Street 
 

• Abandon the existing 3/4-inch IP service main 
• Install 560 LF of 8-inch PVC C-900 distribution main with appropriate trench bedding and 

thrust blocking.  Use existing 8-inch tees in Washington Street and Ridge Street 
• Provide domestic connections to the new C-900 distribution main 
 

Putnam Street 
 

• Abandon the existing 4-inch C-900 distribution main 
• Install 853 LF of 6-inch PVC C-900 distribution main with appropriate trench bedding and 

thrust blocking 
• Provide domestic connections to the new C-900 distribution main 

 
Boundary Street 
 

• Abandon the existing 2-inch IP service main 
• Install 602 LF of 6-inch PVC C-900 distribution main with appropriate trench bedding and 

thrust blocking 
• Provide domestic connections to the new C-900 distribution main 
•  Install one (1) fire hydrant at the corner of Fillmore Street and Boundary Street 
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Mason Way 
 

• Abandon the existing 2-inch IP service main 
• Install 362 LF of 6-inch PVC C-900 distribution main with appropriate trench bedding and 

thrust blocking 
• Provide domestic connections to the new C-900 distribution main 
 

Fillmore Street 
 

• Abandon the existing 2-inch IP service main 
• Extend 890 LF of 6-inch C-900 distribution main with appropriate trench bedding and 

thrust blocking.  Provide connection to existing 6-inch CI at Jackson Street and extend 
new main to Boundary Street 

• Provide domestic connections to the new C-900 distribution main and existing CI 
distribution main as necessary 

• Install one (1) fire hydrant near the corner of Fillmore Street and Zachary Taylor Street 
in front Parcel 9 

 
Zachary Taylor Street 
 

• Abandon the existing 2-inch IP service main 
• Install 393 LF of 6-inch PVC C-900 distribution main with appropriate trench bedding and 

thrust blocking 
• Provide domestic connections to the new C-900 distribution main 
 

McDowell Street 
 

• Abandon the existing 1-inch IP and 2-inch PVC service mains 
• Install 1022 LF of 6-inch PVC C-900 distribution main with appropriate trench bedding 

and thrust blocking 
• Extend main to Cliff Street 
• Provide connection to existing 10-inch C-900 in Washington Street 
• Provide domestic connections to the new C-900 distribution main 
• Install one (1) fire hydrant on McDowell Street between Washington Street and Fillmore 

Street and one (1) fire hydrant at the corner of McDowell Street and Cliff Street 
 

Gilmore Street 
 

• Abandon the existing 3/4-inch and 1-inch IP service mains 
• Install 1022 LF of 6-inch PVC C-900 distribution main with appropriate trench bedding 

and thrust blocking 
• Extend main to Cliff Street 
• Provide connection to existing 10-inch C-900 in Washington Street 
• Provide domestic connections to the new C-900 distribution main 
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Cliff Street 
 

• Install 255 LF of 6-inch PVC C-900 distribution main with appropriate trench bedding and 
thrust blocking 

• Provide domestic connections to the new C-900 distribution main 
 

Columbia Street 
 

• Abandon the existing 1-inch and one and 1-1/4-inch IP service mains and 6-inch AC 
distribution main  

• Provide connection to existing 10-inch C-900 in Washington Street 
• Install 705 LF of 6-inch PVC C-900 distribution main with appropriate trench bedding and 

thrust blocking 
• Provide domestic connections to the new C-900 distribution main 
• Install one (1) fire hydrant on Columbia Street between Washington Street and Fillmore 

Street 
 

York Street 
 

• Install 209 LF of 6-inch PVC C-900 distribution main with appropriate trench bedding and 
thrust blocking.  Provide connection of proposed C-900 main at the intersection of York 
Avenue and Henry Clay street and extend connection to tie in at Washington Street 

• Provide domestic connections to the new C-900 distribution main 
 

Clay Street 
 

• Turn off existing 6-inch isolation valve prior to connection with existing 6-inch C-900 
distribution main within Church Street.   Closing this valve will force the water to the 
York Street distribution main extension and prevent the flow from bypassing the 
existing pressure reducing valve (PRV). 

 
Church Street 
 

• Abandon existing 6-inch C-900 bypass of existing PRV. 
• Install 6-inch x 6-inch wye and provide 6-inch C-900 connection after the existing PRV. 
 

Public Way 
 

• Abandon the existing 2-inch PVC service main  
• Install 485 LF of 6-inch PVC C-900 distribution main with appropriate trench bedding and 

thrust blocking.  Provide 6-inch C-900 distribution main extension to existing 6-inch 
C900 distribution main in Church Street 

• Provide domestic connections to the new C-900 distribution main 
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Shenandoah Street 
 

• Abandon the existing 8-inch CI and 6-inch AC distribution mains 
• Install 808 LF of 6-inch PVC C-900 distribution main with appropriate trench bedding and 

thrust blocking 
• Provide domestic connections to the new C-900 distribution main 
 

Potomac Street 
 

• Provide connection to existing 6-inch CI at the corner of Hog Alley and Potomac Street.  
Install 260 LF of 6-inch PVC C-900 distribution main with appropriate trench bedding and 
thrust blocking and provide connection to proposed 6-inch C-900 distribution main in 
Shenandoah Street 

• Provide domestic connections to the new C-900 distribution main 
• Install one (1) fire hydrant in front of Parcel 20 and one (1) fire hydrant at the end of the 

existing 6-inch CI 
 

Washington Street (Elm Street to Polk Street) 
 

• Abandon the existing 2-inch PVC service main  
• Install 822 LF of 6-inch PVC C-900 distribution main with appropriate trench bedding and 

thrust blocking.  Provide 6-inch C-900 distribution main extension from proposed 6-inch 
C-900 distribution main at Elm Street and connect to existing 10-inch C-900  

• Provide domestic connections to the new C-900 distribution main 
 

Washington Street (Polk Street to Clay Street) 
 

• Abandon the existing 2-inch PVC service main  
• Provide domestic connections as necessary to the existing 10-inch C-900 distribution 

main 
 

Washington Street (Clay Street to Jackson Street) 
 

• Abandon the existing 2-inch PVC service main  
• Provide 33 LF of 6-inch C-900 connection from Jackson Street 
• Provide domestic connections as necessary to the existing 10-inch C-900 distribution 

main 
 

Washington Street (Jackson Street to Panama Street) 
 

• Abandon the existing 2-inch PVC service main  
• Provide domestic connections as necessary to the existing 10-inch C-900 distribution 

main 
 

Washington Street (Madison Street to Fisher Alley) 
 

• Abandon the existing 2-inch PVC service main  
• Provide domestic connections as necessary to the existing 10-inch C-900 distribution main 
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Washington Street (Boundary Street to Zachary Taylor Avenue) 
 

• Abandon the existing 2-inch IP service main  
• Provide 6-inch C900 connection from Boundary Street and Zachary Taylor Street 
• Provide domestic connections as necessary to the existing 10-inch C-900 distribution 

main 
 

Washington Street / High Street (Columbia Street to Shenandoah Street) 
 

• Abandon the existing 6-inch AC distribution main  
• Install 2384 LF of 6-inch PVC C-900 distribution main with appropriate trench bedding 

and thrust blocking 
• Provide domestic connections to the new C-900 distribution main 
• Install one (1) fire hydrant in front of Parcel 17 on High Street 
 

Columbia Avenue 
 

• Abandon the existing 2-inch PVC distribution main  
• Install 2137 LF of 6-inch PVC C-900 distribution main with appropriate trench bedding 

and thrust blocking 
• Provide domestic connections to the new C-900 distribution main 
 

Cavalier Drive 
 

• Abandon the existing 2-inch PVC distribution main  
• Install 1013 LF of 6-inch PVC C-900 distribution main with appropriate trench bedding 

and thrust blocking 
• Provide domestic connections to the new C-900 distribution main 
 

Kenneth Street 
 

• Abandon the existing 2-inch PVC distribution main  
• Install 247 LF of 6-inch PVC C-900 distribution main with appropriate trench bedding and 

thrust blocking 
• Provide domestic connections to the new C-900 distribution main 
 

Cavalier Estates Drive 
 

• Abandon the existing 2-inch PVC distribution main  
• Install 1054 LF of 6-inch PVC C-900 distribution main with appropriate trench bedding 

and thrust blocking 
• Provide domestic connections to the new C-900 distribution main 

 
It should be noted that the distribution system improvements shown above are preliminary and may be 
revised prior to the final design, pending further detailed hydraulic analyses and actual field surveys.   
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WATER TREATMENT FACILITY UPGRADE ALTERNATIVES EVALUATION 
 
Review and analysis of historical operating and water quality data allowed for a characterization of the 
water quality and overall facility operations.  This review coupled with the overall process assessment 
provided further insight into the treatment needs for compliance with current and future regulations; 
thereby, establishing the selected means and methods for effective and efficient water treatment.   
 
To address the current and future needs, various alternatives were considered for the upgrades to the 
existing facility, including the following: 
 
1. Replace the existing packaged media filters in kind with similar (updated) packaged filters. 

 
2. Replace the existing packaged media filters with a new membrane filtration system with 

automatic clean-in-place. 
 

3. Renovate the existing treatment facility floor plan by demolishing the existing filters to 
accommodate an office, laboratory and break room / kitchen. 
 

4. Add an office, laboratory and break room/ kitchen to the mezzanine level above the existing 
laboratory. 
 

5. Expand upon other available water treatment technologies. 
 
Renovating Existing Filters - The existing packaged filters have been in continuous service for 
approximately 30 years and have reached their expected service life and thus should be replaced.  The 
existing filters lack influent or effluent flow meters, the steel tanks are showing signs of rusting and 
corrosion, they do not have the ability to perform a filter-to-waste and several mechanical and 
instrumentation failures have occurred on the units.  Also, the filter media is currently about 6-inches 
deficient of a full media bed depth.  There is currently no redundancy regarding the backwash or surface 
wash pumping systems (only 1 pump each).  Due to lack of a filter-to-waste piping configuration, the 
filtered water turbidity increases on average by a factor of three (3) after a backwash.   Although the 
filters have performed well with respect to finish water quality, they have reached their useful life.   
 
The use of similar packaged media filters would allow a new filter to be placed in the same footprint as 
the existing filter while utilizing some existing piping.  The existing filters would need to be taken out of 
service in order to install the new filters, thus limiting the production capacity and redundancy of the 
treatment facility during the installation.  A probable cost estimate to install two (2) new packaged 
filters is listed below: 
 

Table 5 - Cost Estimate - Two New Packaged Filters 
 

 
Item Description 
 

Estimated Cost 
 

1. Demolish Existing Filters, Pumps and Piping $40,000  
2. Two (2) New Packaged Filters with Instrumentation/Control/SCADA $700,000  
3. New Backwash Pumps and Air System with Redundancy $120,000  
4. New Piping and Electrical $90,000  
 Total Estimated Construction Cost: $950,000  
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Membrane Filtration 
 
As an economical alternative to conventional filtration, membrane filtration technology offers a cost 
effective treatment solution giving water suppliers the ability to meet current and future water quality 
requirements.  Membrane filtration has the following advantages over conventional filtration:  greatly 
reduces filtered water turbidity (by a factor of 10); provides an absolute, physical particle barrier for 
removal of bacteria, cryptosporidium and giardia; utilizes a smaller footprint; generates less backwash 
wastewater; adapts easily to change in filter flow rates; module racks are easily expandable; requires 
low maintenance and minimal labor; additional clearwell volume is not required for backwashing, 
features much smaller backwash pumps and is more adaptable to stringent future regulations (greater 
"log" removal).  Membrane system disadvantages include:  costly and time consuming pilot studies; 
periodic chemical cleaning required; produces concentrated chemical waste; daily integrity tests 
required; automation requires higher level of sophisticated maintenance; higher capital costs and high 
replacement module costs than conventional media. 
 
The major difference when comparing conventional filtration to membrane filtration is that membranes 
provide an absolute physical barrier for the removal of suspended particles, algae and bacteria without 
the use of chemicals, while conventional filtration relies heavily on proper coagulation chemistry.  
Capital costs of membrane filtration have dropped significantly over the last ten years, thus making 
membrane filtration a viable option for water treatment.   
 
The other alternative is to install two (2) membrane filters with N-1 capacity adjacent to or in place of 
the existing packaged filters.  Membrane technology is considered the superior water treatment 
technology when compared to conventional multi-media filtration for sub-micron particle removal 
(including pathogens such as cryptosporidium and giardia).  Membrane systems are considered more 
operationally flexible and easier to operate and maintain than conventional filtration.  This system will 
provide sufficient sub-micron particle removal and multiple barriers for compliance with the Long Term 
2-Enhanced Surface Water Treatment Rule.  These treatment techniques have gained rapid acceptance 
as processes that provide a reliable and very high level of particle, turbidity and microorganism removal.   
 
Additionally, the use of membrane filter technology will allow the new filters to be installed prior to the 
removal of the existing packaged filters.  This will minimize any production interruptions at the 
treatment facility due to the proposed upgrades.  A minimum 6 week pilot study to determine the 
effectiveness of membrane filter technology is required by WV BPH.  A probable cost estimate for this 
alternative is listed below. 
 
Proposed Membrane Filtration System  
 
The proposed membrane system would consist of two (2) pressure cartridge module rack systems 
(skids).  The membrane systems have a small footprint, high recovery rate, low solids production and 
modular arrangement to allow future system expansion. 
 
The membrane filtration system would contain two (2) module racks each capable of treating 0.5 mgd at 
an average flux rate of 35 gfd; thereby, meeting the current and future system demands with the 
potential for future expansion.  The effectiveness of the membrane filtration system will be documented 
through the results of the 6-week microfiltration (MF) pilot study. 
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Each skid assembly will be provided with approximately 25 modules or a total filtration area of 13,450 
square feet.  Two (2) units will be provided for operation one (1) unit providing standby capability.  Each 
skid would consist of a feed tank and pump and reverse filtration tank and pump. 
 
Each skid assembly has the capability to automatically backwash and chemically clean the filters.  The 
system can provide periodic clean-in-place (CIP) washes or more frequent enhanced-flux-maintenance 
(EFM) cleanings depending on membrane performance using a combination of citric or hydrochloric 
acid, sodium hypochlorite and caustic soda.   
 
The MF system will require more thorough and routine cleaning than that provided via reverse filtration 
and air scrubbing.  Cleaning chemicals will be added to the system and recirculated as required to 
restore lost performance of the modules.  The CIP process is a semi-automatic process initiated by the 
operator when transmembrane pressures (TMP) exceed established limits.  Filtered water is heated to 
75-95°F (25-35°C) combined with sodium hydroxide or sodium hypochlorite and circulated for at least 60 
minutes, drained and rinsed for approximately 30-45 minutes.  The system is filled a second time with 
heated filtered water to which acid is added and circulated for at least another 60 minutes.  The system 
is drained and rinsed prior to returning to service until pH levels are within 1 unit of the raw water. 
 
The selection of the chemical to be used first (i.e. sodium hydroxide or acid) is dependent upon the 
water quality characteristics which are fouling the membranes.  Until the system is operated under 
varying water quality conditions, it is unknown which chemical scenario will best clean the modules and 
restore performance. 
 
Typically both chemicals are used to clean the system thereby ensuring sufficient cleaning has occurred.  
Upon operating experience under varying water quality conditions, the operator may learn that it is only 
necessary to clean with one or the other of the cleaning agents based on seasonal conditions etc.  
Standard practice is to monitor the transmembrane pressure to assure performance standards.  If the 
operator chooses to only clean with one chemical and the performance standards are not regenerated 
(i.e. TMP), then the second chemical would be initiated. 
 
The CIP wastewater can be neutralized by the volume of the wastewater in the existing holding tanks.  
Past experience has shown that neutralization typically occurs through the recirculation process and 
rinsing of the actual CIP process.  However, the waste tank can serve as a neutralization vessel, if 
necessary. 
 
Upon start-up of a facility a new membrane system will typically have a transmembrane pressure (TMP) 
of 4 to 6 prior to operation.  Most CIP's that do not occur on a routine cleaning schedule will clean the 
modules when TMP reaches 15-20 psi.  Upon completion of the CIP, the TMP should return to less than 
5-7 psi.  Membrane manufacturers recommend performing a CIP on each unit every one (1) to three (3) 
months. 
 
Prior to the membranes, the filter system will feature in-line automatic backwashing, 300 micron 
prestrainers to protect the membranes.  Each skid will have one (1) forward filtration horizontal 
centrifugal feed to pressurize the membrane modules and one (1) reverse filtration horizontal 
centrifugal pumps which will provide backwash capabilities.  Also, a feed tank and reverse flow tank are 
required.  A compressed air system is required for integrity testing (IT), backwash air and pneumatic 
control valve operation.  This will consist of redundant air compressors and an air receiver tank. 
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Photo 16 - Two (2) Proposed Membrane Skids (Pall Corporation AP-4s) 
 

 
 

Photo 17 - Proposed Membrane Module Rack (18 Pall Corporation Modules Shown) 
 
Membrane filtration will allow for the effective removal of particle matter, pathogens and natural 
organic material.  Additionally, membrane filtration will allow for a reduction in color, tastes, odors and 
compliance with proposed future regulated contaminants.  
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Typical microfiltration membranes have a nominal pore size of 0.1 micron can achieve a 5-log reduction 
in Giardia and a 6-log reduction in Cryptosporidium oocysts, while tighter ultrafiltration membranes 
(0.01 micron pore size) can achieve even greater levels of particulate removal, including viruses.  
 

Table 6 - Cost Estimate - New Membrane Filtration Units 
 

 
Item Description 
 

Estimated Cost 
 

1. Pilot Study $30,000  
2. New Membrane System with CIP, Air Supply System and SCADA $1,100,000  
3. Building Demolition and Retrofitting $40,000  
4. New Piping and Electrical $80,000  
 Total Estimated Construction Cost: $1,250,000  

 
Renovating the Existing Facility - The existing treatment facility was constructed of insulated metal wall 
panels and structural steel in 1985.  The interior walls are constructed of concrete masonry units (CMU) 
and there is an existing wooden storage platform located above the existing laboratory/office.  Some of 
the wall and ceiling insulation is exposed and peeling and there are various places of surface corrosion 
on the metal building liner panels.  
 
The Harpers Ferry Water Works would like to utilize the existing storage space above the 
office/laboratory (mezzanine) as additional space for an office, break room and conference room.  The 
use of this area for additional usable space (approximately 520 square feet) would require minimal 
construction within the existing structure.  The following table is a preliminary cost estimate for 
providing additional usable space above the existing laboratory. 

 

 
 

Photo 18 - Overview of Mezzanine Level 
 



 
13045/Rpt/HarpersFerryFeasStudy_Nov2013.doc -41- 

Table 7 - Construction Cost Estimate - Office, Break and Conference Rooms on Mezzanine 
 

 Task Element Estimated Cost 

1. Construct Office, Break and Conference Rooms on Mezzanine $75,000  

2. Aluminum Stairs and Vent Relocations $25,000  
 Total Estimated Construction Cost: $100,000  

 
It appears that the existing mezzanine sub-floor (bracing, flooring, joists, etc.) is adequate for the 
addition of the rooms listed above.  However, the average clear space from the existing mezzanine floor 
to the steel roof support structure is 6’-6” at the lowest end.  The mezzanine option will require stairs, 
relocation of vent piping and results in very low ceiling heights.  Furthermore, the rooms will in no way 
be handicap accessible which may cause issues with code reviewers/inspectors.  Further structural 
investigations are necessary if this option is selected. 
 
The second alternative is to revise the operating floor plan of the existing treatment facility to 
accommodate additional usable space (approximately 450 square feet).  This would include removing at 
least one (1) existing packaged filter unit and constructing the rooms in the given space between the 
laboratory and chlorine room.  Utility water piping would need relocated.  The estimated cost of this 
alternative is listed below. 
 

Table 8 - Construction Cost Estimate - Office, Break and Conference Rooms on First Floor 
 

 Task Element Estimated Cost 

1. Construct Office, Break and Conference Rooms on First Floor $70,000  
2. Relocating Existing Windows and Utilities $10,000  
3. Demolish Existing Filter and Patch Floor $20,000  

                 Total Estimated Construction Cost: $100,000  
 

Recommendations: 
 
It is recommended that the Town construct an office, break and conference room on the first 
floor level between the existing laboratory and chlorine room.  This would be a Phase II project 
that could be performed following installation and successful start-up of the new filter system.  
It would require demolition of at least one (1) package filter and piping and reconstruction of 
the concrete floor.   
 
Other recommended building improvements include repainting of the metal roof and interior/ 
exterior metal building panels ($40,000).  Also the existing building ventilation system appears 
to be significantly undersized.  Properly sized and corrosion resistant exhaust fans should be 
provided ($20,000).  The building lighting is outdated and the lights should be replaced with new 
energy efficient fluorescent T-5 fixtures ($25,000).  
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NEW TREATMENT TECHNOLOGIES 
 
The ever-changing regulations will require treatment techniques and “multiple barriers” to achieve 
future compliance.  New treatment technologies (ozone, UV, membrane, granular activated carbon, 
etc.) used in series (as multiple-barriers) will be more effective for particle and virus removal.  Each 
technique has advantages and disadvantages associated with treating drinking water.   
 
A. UV Disinfection System 
 

Ultraviolet (UV) disinfection can be used as an additional treatment barrier to ensure 
compliance with the Long Term 2-Enhanced Surface Water Treatment Rule and associated "bin" 
classification.  Depending upon the ultimate "bin" classification, additional treatment could be 
required to achieve 1.0 to 2.5-log (90-99.7% reduction) for Cryptosporidium. 
 
 Ultraviolet disinfection of water consists of a purely physical, chemical-free process.  UV 
disinfection uses a UV light source, which is enclosed in a transparent protective quartz sleeve. It 
is mounted so that water can pass through a flow chamber, and UV rays are emitted and 
absorbed into the stream. When ultraviolet energy is absorbed by the reproductive mechanisms 
of bacteria and viruses, the genetic material (DNA/RNA) is rearranged so they can no longer 
reproduce. They are therefore considered "dead" and the risk of disease has been eliminated.  
UV disinfects water without adding chemicals and does not create new chemical complexes.  
Also UV does not change the taste or odor of the water, nor remove beneficial minerals. 
 
The UV process is cost effective, does not use chemicals and slightly reduces post-filtration 
chlorine demand (10-15% on average).  The reduced chlorine usage typically reduces the 
formation of disinfection by-products and further aid in compliance with the Stage 2-
Disinfection Byproducts Rule. 
 
Due to this new technology, UV disinfection cannot be used as a stand-alone finish water 
disinfectant.  Proper chlorine residual is still currently required even if UV treatment is 
implemented.  Capital costs and space requirements of UV disinfection systems are minimal; 
however, O&M costs will increase with additional power requirements, lamp/ballast 
replacements, validations, etc. 
 
The Town should consider UV disinfection as a multi-barrier application that will assist in the 
deactivation of pass-through pathogens and protozoa.  The approximate cost estimate to install 
two (2) units each rated for 350 gpm with automatic cleaning systems is $120,000.   

 
B. Ozone 
 

Ozone gas is considered to be the optimal disinfectant and oxidant.  It is typically injected in the 
raw water of water treatment facilities as an oxidizer to various metals such as iron, manganese 
and aluminum.  It can also be used as a means of disinfection, however is very expensive to 
implement. 
 
The cost of ozone generators, air dryers, contactor tanks, diffusers, destructors and monitoring 
instrumentation is very expensive and requires extensive space.  O&M costs are also high due to 
all the required equipment electrical costs and ozone gas is considered highly hazardous.  The 
use of ozone gas at the Harpers Ferry Water Treatment facility is not being recommended nor 
desired. 
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C. Granular Activated Carbon (GAC) 
 

Granular activated carbon (GAC) consists of pressure vessels with activated carbon intended to 
remove small particulates, pathogens, viruses, etc.  GAC is a highly adsorbent material used to 
remove contaminants from drinking water.  Activated carbon can remove a plethora of 
unwanted matters such as taste, odor and color issues, volatile organic chemicals, pesticides and 
trihalomethanes (suspected carcinogens).  Carbon is able to achieve such removal of 
contaminants due to its large surface area.  In fact, the surface area of one pound of activated 
carbon is equal to 125 acres.  Activated carbon is the preferred method of water treatment by 
the EPA due to its ability to reduce/remove such a high level of potentially hazardous and 
carcinogenic chemicals. 
 
GAC features very expensive associated capital and O&M costs.  The GAC filters require a large 
amount of surface area to account for a 50% bed expansion during backwashing and large feed 
pumps are required to pressurize the vessels.  Depending on the level of contaminants, the 
surface of the GAC will eventually become covered and clogged.  This could potentially be 
months or years depending on the influent water quality.  Once the GAC filter has reached its 
adsorption capacity, it must be regenerated (similar to an ion-exchange softening system).  The 
GAC is regenerated using a heating process or it is replaced in-full with a new bed of activated 
carbon.  A disadvantage of GAC is the tendency of the filter beds to grow bacteria.  Typically, 
GAC systems are only installed in large scale water systems were major taste and odor issues are 
present or when the trihalomethane levels are elevated.   

 
PROBABLE PROJECT COSTS 
 
This section contains the Engineer’s Opinion of Probable Project Costs for the above mentioned water 
treatment facility upgrades.  The total overall capital construction cost estimate is $5.0 million assuming 
all upgrades, while the total overall project cost estimate is $6.25 million.  These cost estimates were 
derived from recent bids and manufacturer budgetary cost proposals.  These preliminary cost estimates 
are based on concept design.  The probable costs assumed that rock excavation would be minimal and 
no deep foundations are required.  The location and condition of rock will be determined by a 
geotechnical consultant at a later date.  The costs also do not include any archaeological investigations.  
Please refer to Appendix E for the Engineer’s Opinion of Probable Construction Costs breakdown. 
 
A. Operation and Maintenance Costs 
 

Proposed labor costs will presumably decrease with a new fully automated membrane filtration 
plant; however, membrane module replacement costs will be greater than current filter media 
replacement costs.  The chemical costs of a proposed membrane plant will be similar to current 
treatment facility costs.  Although DelPAC 2020 and chlorine consumption will be reduced 
significantly with the proposed treatment facility, the required membrane system cleaning 
chemicals will offset this difference.  Electrical costs for the new plant should decrease with the 
addition of energy efficient pumps and variable frequency drives.  A new membrane treatment 
system will significantly reduce the current equipment maintenance, repairs and replacement 
costs.  It should be noted that the membrane module replacement costs are subject to the 
manufacturer. 
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PUBLIC HEALTH BENEFITS 
 
There are numerous public health benefits associated with the proposed project, the foremost being 
membrane filtration.  With increased public awareness and growing concerns for drinking water quality, 
combined with increasingly stringent water quality regulations, the demand for effective and efficient 
water treatment solutions is ever growing.  Besides providing pathogen free water, public utilities are 
being compelled to avoid chemical treatments for water.  These factors in addition to decreasing 
sources of fresh water are propelling growth of physical treatments such as microfiltration membranes.  
As an economical alternative to conventional filtration, microfiltration provides an absolute physical 
barrier for the removal of suspended particles, algae, and bacteria without the use of chemicals; thereby 
ensuring the highest quality of water.  Thus, membrane technology provides a cost effective treatment 
solution, coupled with ease of operation, small building footprints and ability to meet current and future 
water quality requirements.  Membrane filtration will ensure future regulatory compliance for Giardia 
and Cryptosporidium removal while providing long-term acceptable filter performance, via effective and 
efficient treatment means.       
 
A properly designed sedimentation basin for pre-treatment along with an adequately sized clearwell 
yields a reduction in disinfection byproducts and enhanced disinfection.  The resultant of the proposed 
treatment facility is enhanced water quality which leads to better health.  
 
A new distribution system pump station along with waterline upgrades will provide the Town with 
constant adequate water pressure and fire flow to restricted areas, reduce the amount of water loss and 
lower system risks. 
 
CONCLUSIONS 
 
The filter equipment in the existing water treatment facility suffers from extensive wear and has 
reached the end of its useful life.  The raw water and finish water high service pumps are not efficient 
and operate at a constant rate.  The plant also lacks proper SCADA and instrumentation to optimize 
operation. 
 
The plant also has numerous process deficiencies that will contribute to the inability to meet current 
and future proposed drinking water standards.  Current pretreatment operations remove heavy solids 
only and do not effectively reduce turbidity or TOC.  The sedimentation basin lacks baffles, does not 
have sludge collecting capabilities and lacks overflow effluent weirs.   
 
The conventional multi-media filters require proper coagulation at all times and may not be capable of 
meeting the Long Term 2-Enhanced Surface Water Treatment Rule.  Filter backwashing consumes finish 
water and there is no way of performing a filter-to-waste.  The filters lack redundancy in that there is 
only one backwash and surface wash pump.  The clearwell is not large enough to meet required chlorine 
contact demands of a 0.5 MGD treatment facility, and also experiences short circuiting caused by 
insufficient baffling.  Inadequate wastewater storage volume due to current excessive solids 
accumulation in the holding tanks is limiting the overall effectiveness of the wastewater holding 
facilities.  
 
Based on the above findings and the logistics of maintaining facility operations at all times, Harpers 
Ferry is faced with only one viable option to adequately meet the long term water supply needs of the 
service area and maintain compliance with current and proposed future regulatory requirements.  The 
ultimate conclusion of this feasibility study is that Harpers Ferry Water Works upgrade the existing 
water treatment facility with membrane filtration along with the other recommendations mentioned 
below. 
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RECOMMENDATIONS 
 
In order to address the long term water treatment needs of Harpers Ferry Water Works, the following 
general recommendations have been derived from the feasibility study. 
 
1. Due to the current age and condition of the existing treatment plant, we recommend the 

following upgrades.  Installation of new raw water pumping station, enhanced pretreatment 
(coagulation, mixing, multi-stage flocculation and sedimentation), membrane filtration 
technology, a new clearwell along with new finish water pumps and upgraded liquid chemical 
feeds.  This upgraded system will provide sufficient sub-micron particle removal and multiple 
barriers for compliance with the new Long Term 2-Enhanced Surface Water Treatment Rule.  
The entire particle removal and treatment process, along with an adequately sized clearwell, will 
eliminate the need for settled water chlorination. 

 
2. The raw water pump station should be upgraded with new pumps, VFDs, level control and a 

new building structure. 
 
3.  Install new valve vault at raw waterline for chemical injection, mixing and flow monitoring. 

 
4.   Provide new single-stage flocculation tanks with baffle wall, mechanical sludge collection and 

effluent weirs in the existing sedimentation basin. 
 
5. To improve its water treatment system, we recommend use of new membrane filtration 

technology with a fully automated system including CIPs, air supply system and SCADA.  Proceed 
with implementation of a pilot study for demonstrating treatment capability with membrane 
technology on the Elk Run, Town Spring and Potomac River water sources. 

 
6. Upgrade chemical feed systems by adding sodium permanganate and spare chemical feed 

equipment. 
 
7. Replace finish water pumps with new energy efficient pumps, motors, VFDs and check valves. 

 
8.   Install a new adequately sized ground level clearwell with a mixing system. 
 
9. Provide new 8-inch finish waterline to replace existing line in Elk Run. 
 
10. Install new office, kitchen and conference room on first floor of treatment plant, if the budget 

allows. 
 
11. Install new emergency generator at treatment plant with automatic transfer switch. 
 
12. Install new telemetry system for monitoring offsite storage tank levels. 
 
13. Upgrade distribution system waterlines and provide new booster pump station near Bolivar Heights 

storage tanks. 
 
14. Perform required repairs and repaint the two older steel water storage tanks. 
 
15. Replace all residential and commercial water meters with new radio read meters. 
 
16. Remove accumulated solids from existing waste holding tanks.  Continue to dispose of solids annually. 



 

APPENDIX A 
 

EXISTING WATER TREATMENT FACILITY  
SIMPLIFIED PROCESS FLOW SCHEMATIC 





 

APPENDIX B 
 

PROPOSED WATER TREATMENT FACILITY  
SIMPLIFIED PROCESS FLOW SCHEMATIC 





 

APPENDIX C 
 

STORAGE TANK NO. 1 INSPECTION REPORT 

























































 

APPENDIX D 
 

STORAGE TANK NO. 2 INSPECTION REPORT 

















































 

APPENDIX E 
 

ENGINEER'S OPINION OF PROBABLE  
CONSTRUCTION COSTS 











































 

APPENDIX F 
 

EXISTING DISTRIBUTION SYSTEM DRAWING 



 

APPENDIX G 
 

PROPOSED DISTRIBUTION SYSTEM DRAWING 
 
 
 


