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Executive Summary  

Clean, safe drinking water is often taken for granted. Many people have no idea where their water 

comes from, how it is purified, or how it arrives at their sink. Protecting the raw water supply has 

been increasingly recognized as a critical element in the overall mission of delivering a safe and 

reliable supply of drinking water to consumers. Comprehensive source water protection not only 

benefits the water supply, but ultimately the economic, social, and environmental well-being of a 

community.  

 

Project Background 

The Sewickley Borough Water Authority (SBWA, PWSID 5020050) provides drinking water to 

Sewickley Borough and portions of several nearby boroughs. SBWA is concerned about 

contamination from several nearby sources, including a former gas station with known leaks from its 

underground storage tanks. Sewickley Borough can potentially work with neighboring Moon 

Township and Coraopolis Borough, who are also developing their own source water protection plans.  

Although each municipality will have its own plan, the three systems could work together to 

implement management options that would protect the  drinking water for all three communities. 

 

In early 2008, SBWA applied for assistance from the Pennsylvania Department of Environmental 

Protection (DEP) Source Water Protection Technical Assistance Program (SWPTAP). In May 2008, 

DEP approved the work plan and initiated the SBWA SWPTAP project. 

 

Description of Study Area 

The study area for this project is centered on Sewickley Borough in Allegheny County. The borough 

is located on the north bank of the Ohio River, approximately 12 miles north of Pittsburgh. Osborne 

Borough neighbors Sewickley Borough to the south, and Moon Township and Coraopolis Borough 

lie across the river. Although Sewickley and Osborne boroughs are densely developed, more sparsely 

populated forested land is located outside the boroughs to the north. 
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Description of Water System 

The SBWA water system serves Sewickley Borough, Osborne Borough, Haysville Borough, 

Sewickley Heights Borough and several customers in Edgeworth Borough. Additionally, the SBWA 

sells bulk water to the Aleppo Township Authority. The water system consists of three source water 

intakes – two groundwater wells and a crib, the treatment plant, one reservoir, one storage tank, two 

pump stations (Main Plant and Sewickley Heights), and 40 miles of piping. There are approximately 

220 customer service connections. 

 

Source Water Protection Zone Delineations 

The protection areas were delineated using a steady-state hydrogeologic computer model and other 

calculations based on well information, groundwater flow patterns and watershed configuration.  

Zone II represents the 10-year time of travel – the area from which groundwater has a high 

probability of reaching the well in fewer than ten years.  The area of Zone II is 367.9 acres or 0.57 

square miles, and includes primarily residential land in Sewickley Borough, Osborne Borough, and 

part of the Ohio River. 

 

Potential Sources of Contamination (PSOCs) 

After Zone II was delineated, numerous sources were used to identify potential sources of 

contamination (PSOCs) in the study area. Publicly-available environmental databases, field surveys, 

aerial photographs, and input from DEP and SBWA were all used to identify potential threats to the 

water supply using a ranking of A to F, with A posing the greatest potential threat and F the least 

potential threat.   

 

Non-point sources of pollution in Zone II include residential land, roads, railroads, and river 

pollution. These land uses are potential sources of diffuse contamination, such as from stormwater or 

an accident or spill. 

 

A total of 59 point source PSOCs were identified for the water system. Of these, 22 received the 

highest ranking of A or B, meaning they are significant threats to the water supply. Most of the high-

ranking PSOCs are industrial in nature, with either underground storage tanks, petroleum 

storage/transport, or hazardous materials as the concern. Some of the PSOCs are municipal, including 

a wastewater treatment plant and numerous combined sewer overflows. A group of PSOCs are 

located in close vicinity to the wells, and another large group of PSOCs are concentrated in the 

industrial/commercial area in the northwest corner of Zone II. 
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Management Options 

SBWA will use a variety of management options to develop a comprehensive approach to source 

water protection and protect its water supplies from the PSOCs. Because most of the PSOCs are 

commercial or industrial facilities, SBWA should focus on good communication with PSOC owners, 

monitoring, and education. Emergency preparation and response should be a cornerstone of SBWA’s 

source water protection management plan. SBWA will work cooperatively with Sewickley Borough, 

Moon Township, Coraopolis Borough, Osborne Borough, and other upstream communities to 

implement this source water protection plan.  

 

Contingency Plan 

SBWA maintains an emergency response plan (ERP) and updates it regularly. The plan includes 

emergency contacts and provisions for alternate sources of water. SBWA will work closely with local 

and county first responders in the event of a spill or accident that may threaten the water supply.  

 

New Sources 

SBWA can supply water it’s customers through the use of interconnections with neighboring water 

systems in the event that the existing sources become unusable.  
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1.0 Introduction 

1.1  Project History and Objectives 

The Borough of Sewickley Water Authority (SBWA, PWSID 5020050) provides drinking water to 

Sewickley Borough and portions of several nearby boroughs. SBWA wishes to preserve and improve 

the safety of its drinking water supply for its customers today and into the future. SBWA is concerned 

about contamination from several nearby sources, including a former gas station with known leaks 

from its underground storage tanks. 

 

The objective of this project is to develop a source 

water protection plan that delineates the recharge areas 

for the SBWA groundwater wells, determines the 

transport times and pathways of potential 

contaminants, identifies potential sources of 

contamination, and is in compliance with 

Pennsylvania Department of Environmental 

Protection’s (DEP) Chapter 109 regulations (see 

Section 1.2). 

Source Water Protection 
Case Study 

 

The neighboring communities of Moon Township and 

Coraopolis Borough, are also developing their own 

source water protection plans.  Although each 

municipality will have its own plan, they could work together to implement management options that 

will protect the drinking water for all three communities. 

Milwaukee, Wisconsin 
Cryptosporidium, 1993 

 
In 1993, more than 100 people died 
and 403,000 people were sickened by 
the water supply in Milwaukee, 
Wisconsin. The culprit?  
Cryptosporidium parvum, a protozoan 
that causes a serious intestinal disease 
and can be spread to humans from 
infected cows. The outbreak occurred 
even though the city’s drinking water 
met all federal and state standards 
(Marchione, 2003). 

 

1.2  The Importance of Source Water Protection 

Developing a source water protection plan has numerous benefits. Some benefits are financial – for 

example, the reduced cost of water treatment. Other benefits are less tangible, including: 

 

 Reduced risk to human health 

 Protection of a resource for future generations 

 Increased consumer confidence in water suppliers 

 Support of healthy ecosystems, recreation and other beneficial uses 
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The economic benefit of protecting a water supply from contamination can be significant. Table 1-1 

lists source water protection case studies throughout the United States. Each of the thirteen 

communities experienced a contamination problem that could have been avoided by better protection 

of the water supply. Table 1-1 lists the contamination problem and the cost needed to either 

remediate the problem or develop a new water supply. 

 

Scattered throughout this report are additional case studies that provide greater detail regarding how 

source water supplies can be contaminated and the impact the contamination can have on a 

community. These case studies are included to reinforce the need to remain vigilant in protecting 

drinking water for all Pennsylvanians. 

 

This project is funded through the DEP’s Source Water Protection Technical Assistance Program 

(SWPTAP). All community water suppliers (CWS) are eligible to participate in this voluntary 

program. Costs for the program and plan development are covered by the US Environmental 

Protection Agency and the Commonwealth of Pennsylvania. 

  

1.3  Overview of Source Water Protection Regulations 

The Safe Drinking Water Act (SDWA) Amendments of 1996 require that each state develop a source 

water assessment and protection program (SWAP) for all drinking water sources – groundwater and 

surface water – that serve community water systems. The requirements for the SWAP program were 

adopted by DEP as regulations (Title 25, Chapter 109).   

 

The SWAP program for a community water system (CWS) consists of two parts: assessment and 

protection.   The assessment part is mandatory and is typically completed by the DEP or one of its 

contractors. Many of the assessments were completed in the early 2000s and provided a very general 

evaluation of the immediate protection area for existing water sources.   

 

The second part of SWAP – protection – is voluntary.   That is,  a CWS may voluntarily choose to 

develop a more detailed, comprehensive, and community-oriented source water protection (SWP) 

plan following DEP’s regulations in Chapter 109. For DEP to approve the plan, the following 

elements must be included: 

 Formation of a steering committee representing, but not limited to, local government entities, 

water supply customers, farming and business community representatives (as applicable). 
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 Encouragement of public participation through informational and educational activities. 

 Delineation of areas to be protected. For groundwater sources, the protection area is 

determined using field data and/or a hydrogeologic computer analysis.   For surface water 

sources,  the area to be protected is typically the watershed upstream of the intake.  

 Inventory of potential sources of contaminants to the source water. 

 Development of a management plan to protect the water supply from potential contamination 

as part of a strategic long-term program. 

 Preparation of a contingency plan for emergency response and alternate sources. 

 Identification of potential areas for new sources of water for long-term needs. 

 

In 2007, DEP initiated the Source Water Protection Technical Assistance Program (SWPTAP) to help 

community water suppliers develop a protection plan for their water sources. DEP contracted the 

engineering firm Spotts, Stevens & McCoy (SSM) of Reading, PA to assist water suppliers 

throughout Pennsylvania develop source water protection plans. All CWS are eligible to participate in 

this program through their regional DEP office. 

 

1.4  Description of Study Area 

The study area for this project is centered on Sewickley Borough in Allegheny County (see Figure 1-

1). The borough is located on the north bank of the Ohio River, approximately 12 miles north of 

Pittsburgh. Moon Township and Coraopolis Borough lie across the river from Sewickley Borough. 

  

1.4.1 Topography and Hydrogeologic Setting 

The study area is described by DEP in the 2003 SWAP report: 

 

The [study] area is within the Pittsburgh Low Plateau Section – Prototypical Area of the 

Appalachian Plateaus Physiographic Province (Briggs, 1999). The overall aspect of the 

Prototypical Area is one of broad, rolling interfluves separated by relatively narrow, steep-

walled, moderately-incised valleys. The upland surface of the Prototypical Area forms a true 

plateau. Base level is developed in the mostly homogeneous bedrock, shale and chiefly 

subordinate, but locally dominant, sandstone, siltstone, and limestone. Most strata are gently 

folded, with amplitudes decreasing northwestward; dips greater than 5 degrees are rare. 

Subdued anticlines and synclines commonly are reflected by equally subdued linear 

topographic highs and lows. Jointing is an important factor, for incised stream valleys display 
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many straight segments. In contrast, there are also a number of incised meanders. A dendritic 

pattern is generally expressed in headwater streams on upland surfaces. Locally, near the 

current mainstream river valleys, abandoned meander scars are moderately incised in the 

uplands. Glacial outwash terraces and benches are common along the sides of deeper valleys. 

 

Sewickley’s assessment area is in the valley fill aquifers of the Allegheny and Ohio River 

valleys. These unconsolidated deposits which overly bedrock in the major river valleys are 

Quaternary age and Pleistocene age. The aquifers are primarily composed of sand and gravel 

deposits, approximately 70 feet in depth, upon the bedrock valley floor. The sand and gravel 

deposits are generally coarser due to their origin from glacial melting. Some of these alluvial 

units may contain interbedded silts and clays. Potential sources of groundwater flow in the 

aquifer system are aerial recharge, recharge from underlying bedrock, and recharge through 

the beds of the rivers and their tributaries (Moody, 1995).  

 

The generalized geologic structure at the surface is a very gentle southwest dip overprinted 

by gentle, northeast-trending folds that decrease in amplitude northwestward. Elevations 

range from 665 feet to 1,800 feet. Predominant geomorphic factors include base leveling, 

extensive river terraces related to glacial outwash, subsequent uplift and dissection, and 

concurrent subdued folding (Briggs, 1999). Local topography includes alluvial terraces and 

flood plains adjacent to the Ohio River. The Ohio River pool level at Sewickley is 692 feet. 

The topographic high on the Sewickley side (right descending bank) of the river is 

approximately 1200 feet. 

 

1.4.2 Land Use 

The Borough of Sewickley, population approximately 3,500,  is located along the eastern shore of the 

Ohio River approximately 12 miles northwest of Pittsburgh. As noted by DEP (2003), “The flood 

plains along the Allegheny and Ohio River valleys have historically been the areas where 

development occurred first and has been the most intense. In the past century, these riverfronts were 

the primary industrial areas of the Greater Pittsburgh region (Moody, 1995).”  

 

Although the borough itself is mostly developed, there is a significant amount of forest and open 

space a short distance outside the borough boundaries. Across the river lie the Borough of Coraopolis 

and Moon Township, both of which are also residential municipalities.  
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1.5  Overview of Water System 

The Commissioners of Sewickley Water Works were established in 1873. In 1948 the Pennsylvania 

Public Utility Commission, PA PUC, ordered the Sewickley Water Works to assume operation of the 

failing Haysville Water Company. In 1980, as a result of a PA PUC regulation, the Commissioners of 

Sewickley Water Works were dissolved and reorganized as the current Borough of Sewickley Water 

Authority. 

 

The SBWA water system serves Sewickley Borough, 

Osborne Borough, Haysville Borough, Sewickley 

Heights Borough and several customers in Edgeworth 

Borough. Additionally, the SBWA sells bulk water to 

the Aleppo Township Authority, which they distribute 

throughout their water system. Currently, the SBWA 

board is comprised of seven members residing in three 

of the six municipalities. 

Source Water Protection 
Case Study 

 

The water system consists of three source water 

intakes – two groundwater wells and a crib, the 

treatment plant, one reservoir, one storage tank, two 

pump stations (Main Plant and Sewickley Heights), 

and 40 miles of piping. There are approximately 220 

customer service connections, nearly 300 fire hydrants, and more than 1,000 valves. Much of the 

equipment and buildings, as well as the water mains, are 50 to 100 years old. 

Walkerton, Ontario 
E. coli, 2000 

 
In 2000, seven people died from E. 
coli-contaminated water in the small 
town of Walkerton, Ontario. Experts 
believe manure from a nearby cattle 
field entered one of the municipal 
wells, possibly helped by several days 
of heavy rain. The well was not being 
properly chlorinated, and operators 
were found guilty of negligence. The 
outbreak could have been prevented 
entirely if continuous monitors were 
installed at the well, as required by law 
(Hrudey, 2005). 

 

1.6  Existing Source Water Protection Efforts 

SBWA provides educational materials about source water protection to its consumers. It also 

conducts tours of the water treatment plant for youth groups, including school field trips, the Boy 

Scouts, etc. 

 

1.7  Previous Studies 

This study builds upon previous work completed for the SBWA water system. In 2003, DEP 

developed a source water assessment report (SWAP) for SBWA. The SWAP report provided 
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extensive background information about the SBWA water system and study area, identified the Zone 

I protection area, provided an approximate Zone II protection area, and identified potential sources of 

contamination for the water supply. Significant portions of the SWAP report were used to develop 

this source water protection plan.  
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2.0 Source Water Protection Steering Committee and Public                             
Participation 

2.1  Purpose of the Steering Committee 
Source Water Protection 

Case Study A steering committee was formed for this project. 

The committee is comprised of project 

stakeholders, including local officials, citizens, 

and other interested parties. The steering 

committee has: (a) provided comments and ideas 

to the project team with respect to knowledge of 

issues in the watershed; (b) served as a sounding 

board for ideas and recommendations being 

developed as part of the source water protection 

plan; and (c) helped to carry the “message” of the 

source water protection plan back to its 

representative communities. Specific duties have 

not been assigned to individual members of the 

steering committee. The steering committee is an advisory body only; its recommendations are not 

binding.  

Merrimack, New Hampshire  
Leaking barrels, 1995 

 
In 1995, the town of Merrimack, New 
Hampshire discovered TCE contamination 
in the groundwater, and determined the 
source to be a large number of corroded 
barrels that were buried at a local junkyard. 
According to the junkyard owner, more 
than four decades ago an official from the 
U.S. Air Force brought him a train-car load 
of barrels with unidentified contents, and 
told him to bury them. This contamination 
event served as a catalyst for the town to 
initiate a source water protection program 
(EPA, undated).

 

2.2  Steering Committee Members 

The steering committee was comprised of representatives of SBWA. Questions/comments can be 

addressed to Bruno Russo at 412-741-9180. 

 

Other representatives invited to participate and review the plan include: 

 Tom McCaffrey, PG, Pennsylvania Department of Environmental Protection 

 

Technical advisors responsible for the source water protection plan include: 

 Bill Miller, PG, Moody and Associates 

 Amy Munson, EIT, Spotts, Stevens & McCoy 
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2.3  Steering Committee Meeting 

A steering committee meeting was held on December 9, 2008 in Sewickley Borough to gather local 

input, receive feedback about the project results and recommendations, and interact with government 

agencies. Appendix A includes the sign-in sheet. 

 

Because source water protection is an ongoing process, the committee will continue to meet annually 

to address the implementation of this plan. Although individual members may change, the committee 

itself will remain intact. 

 

2.4   Public Education Efforts 

As part of this project, SSM developed an educational brochure that SBWA can distribute to educate 

its customers and residents about source water protection. The brochure is included in Appendix B. 

 

2.5  Availability of Final Report 

Copies of the approved plan will be available for review at the SBWA office. Appointments to review 

the plan must be made in advance, and the plan cannot be removed from the building. 
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 3.0 Delineation of Source Water Protection Areas  

A significant purpose of the source water protection program is to delineate protection zones around 

each groundwater source.  These protection areas were determined using a steady-state hydrogeologic 

flow model consistent with DEP guidance.  This model was constructed to include the SBWA 

groundwater sources as well as other area municipal and non-municipal high capacity groundwater 

wells completed in the same aquifer system utilized by the SBWA.  The study area consists of the 

Ohio River valley from the northwest (downstream) of the Dashields Dam to the east (upstream) of 

Davis Island.  Municipal systems within the study area include the SBWA, Moon Township, 

Coraopolis and West View Water.  The summary of the approach and resulting protection areas are 

described below. Appendix C includes all the relevant modeling data on a CD.   

 

3.1  Description of the Groundwater Sources 

SBWA’s water system includes three groundwater sources: two vertical wells and a crib installed 

beneath the Ohio River.  All three groundwater sources are located along the Ohio River in the 

Borough of Sewickley.  Well 1, located east of the water treatment building, is 71 feet deep, with 16-

inch diameter casing to 51 feet below ground surface (bgs) and a 16-inch diameter screen from 51 to 

71 feet bgs.  Well 2, located northeast of the treatment building, is approximately 77 feet deep, with 

14-inch casing and screen.  The third SBWA groundwater source is a crib, reported to be located 

south of Well 1 beneath 28 feet of water and 8 feet of sand and gravel.  The crib is reported to be 

configured in an “L” shape with a longer leg, parallel to the riverbank, of 304 feet and a shorter leg of 

60 feet.  The crib dimensions are 16 feet wide by 6 feet in height and is reportedly constructed of 2” 

by 12” planks and may be filled with rock.  Figure 3-1 shows the locations of the three SBWA 

groundwater sources. 

 

3.2  Geology 

The study area is located in the Pittsburgh Low Plateau Section of the Appalachian Plateaus Province 

of Pennsylvania (Sevon, 2000).  The topography of the area is characterized by irregular hills and 

sharp valleys with more extensive flood plains developed along the major rivers.     

 

The SBWA wells and crib are completed within a valley-fill aquifer.  The valley-fill aquifers of the 

Allegheny and Ohio River valleys within Allegheny County are fluvial-glacial in origin and range in 
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age from Quaternary (recent) to Pleistocene (Adamson et al., 1949).  The sand and gravel aquifers 

were formed from material deposited by melt water from the glaciers located to the north.   

 

The unconsolidated fluvial-glacial deposits tend to exhibit coarser grain sizes in the basal units, and 

fines upward (i.e., smaller grain sizes progressively found moving towards the ground surface from 

the bottom of the deposits).  Generally, the glacial deposits exhibiting the highest yield capacities to 

wells are outwash deposits, which are emplaced and reworked by flowing water.  The aquifer 

supplying the SBWA groundwater sources is composed of these basal sand and gravel outwash 

deposits emplaced on the bedrock valley floor.  The basal sand and gravel deposits within the study 

area average approximately 25 feet in depth.  The typical total thickness of the valley-fill deposits in 

Allegheny County ranges from 50 to 70 feet and averages approximately 60 feet (Adamson et al., 

1949).  The unconsolidated sediments located above the basal sand and gravel aquifer range in 

lithology from clay to sand and gravel, and also include man-made fill.  The aerial extent of the 

unconsolidated fluvial-glacial deposits within the study area is shown in Figure 3-2 (O’Neill, 1974). 

 

The unconsolidated valley-fill deposits are underlain by bedrock of the Pennsylvanian-age 

Conemaugh Group, which is comprised primarily of sandstones, siltstones and shales with some 

interbedded limestone and coal units.  In general, the groundwater yield of wells completed in the 

bedrock units found within the study area is significantly less than the yield of wells finished in the 

overlying unconsolidated sand and gravel aquifer (Gallaher, 1973).  

 

3.3  Conceptual Flow Model 

The region of the subsurface from which groundwater is pulled into the well is called the capture 

zone, and is of special interest to the protection of the water source.  The capture zone is usually 

represented two-dimensionally as an area on the land surface.  However, it is important to remember 

that the area shown on the land surface really represents a three-dimensional volume of extracted 

groundwater. 

 

A conceptual model was created to describe the components of the aquifer surrounding the SBWA’s 

groundwater sources.  The conceptual model distills the essential hydrogeologic information into a 

simplified set of assumptions.  Based on a review of published geologic and hydrologic data for the 

study area, the following assumptions were used: 
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 Potential sources of groundwater to the basal sand and gravel outwash deposit are aerial 

precipitation infiltrating through the overlying finer-grained deposits, recharge through the 

bed of the Ohio River and groundwater flow within the aquifer at the eastern edge (upstream) 

of the study area. 

 Groundwater flow within the aquifer exits the study area at the northwestern (downstream) 

edge of the modeled area. 

 Potential sinks, or discharge locations, for groundwater flow are pumping wells and the Ohio 

River. 

 Although the bedrock valley floor gradually falls in elevation from the east to the northwest, 

the river stage elevation falls in a step-wise fashion due to the two lock-dam structures found 

within the study area. 

 Permeability of the aquifer is derived from the primary porosity of the unconsolidated 

deposits comprising the aquifer. 

 The basal sand and gravel outwash aquifer is approximately 25 feet thick within the study 

area.  The high capacity water wells within the study area fully, or nearly fully, penetrate the 

aquifer. 

 The volume of groundwater flow contribution from the underlying bedrock is not significant 

given the bedrock’s much lower hydraulic conductivity. 

 

The average groundwater flow system can be approximated using a steady-state model that ignores 

daily and seasonal variations in the water table in favor of long-term, average flow conditions.  The 

groundwater flow system described in the conceptual model – basal sand and gravel valley-fill 

aquifer, nearly fully penetrating wells, and insignificant flow volumes from the underlying bedrock – 

indicate that a two-dimensional modeling approach is appropriate to describe groundwater flow.  

Numerical flow models constructed to simulate groundwater flow in two dimensions adequately 

approximate contributing areas in valley-fill aquifers where the aquifer is less than 100 feet thick and 

vertical hydraulic conductivity, which is the measure of an aquifer materials ability to conduct water, 

is less than ten times the horizontal hydraulic conductivity (Risser and Madden, 1994).  The 

hydrogeologic model created for this project is comprised of a single layer, corresponding to the basal 

sand and gravel aquifer.  The lower boundary is set as the bedrock valley basement.   
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3.4  Numeric Model 

Moody and Associates, Inc. (Moody) personnel constructed and calibrated a steady-state 

hydrogeologic computer model to assess the groundwater flow system in the study area. 

 

A hydrogeologic flow model numerically simulates groundwater flow using mathematical equations.  

The model takes a complicated natural system and simplifies it to its basic components.  Although the 

model is constructed from real-world data (i.e., aquifer geometry, aquifer characteristics, wells, rivers, 

etc.), the model assumes ideal and uniform local conditions that rarely occur in actual groundwater 

flow systems.  A hydrogeologic flow model provides an approximation (as opposed to a direct 

measurement) of the groundwater flow regime that can be used to understand the overall 

hydrogeologic flow system. 

 

Moody delineated the source water protection areas from the results generated by the hydrogeologic 

flow model.  The hydrogeologic model was created using the computer program Groundwater Vistas, 

Version 3, developed by Environmental Simulations, Inc.  Groundwater Vistas is an industry-

recognized groundwater modeling environment that couples a model design system and graphical 

analysis tools with MODFLOW (A Modular Three-Dimensional Finite-Difference Ground-Water 

Flow Model) and other similar models, such as MODPATH (a particle tracking post-processing 

program) (Rumbaugh and Rumbaugh, 2001). 

 

3.5  Model Inputs 

Hydrogeologic model construction requires geographic, geologic and hydrologic data to produce a 

realistic flow model.  The input data used to construct the model were derived from published data, 

field data, and data previously obtained by Moody including the Wellhead Protection Program 

completed by Moody and Associates for the Allegheny County Planning and Allegheny County 

Health Departments (Moody, 1995).  The following is a discussion of the input data parameters. 

 

3.5.1  Model Boundaries 

In finite-difference numerical model construction, the aquifer is divided into cells by superimposing a 

grid over the study area.  The cells are assigned as active or inactive.  Active cells contain the valley-

fill aquifer sands and gravels.  The inactive cells designate areas where the basal sand and gravel 

outwash aquifer is not present.  No flow is assumed in the model inactive cells.  All boundaries within 
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the aquifer system must be explicitly described.  The flow from the underlying bedrock into the 

aquifer system is assumed to be negligible; thus, the boundary between the active and inactive cells 

and the lower boundary of all active cells (representing the contact between the aquifer and the 

underlying bedrock) are set as no flow boundaries.  The inflow and outflow areas are designated as 

constant head cells, meaning that these cells will act as infinite sources or sinks of water to the flow 

system.  Variable grid spacing was used in the model to allow greater precision in the areas of the 

municipal wells.  The model grid with the inactive and constant head cells of the 46.4-square mile 

modeled area is shown in Figure 3-3. 

 

3.5.2  Geographic Data 

The locations of surface water and other geographic features are also required for construction of the 

hydrogeologic model.  The predominant geographic feature in the study area is the Ohio River.  The 

river system is simulated by designating cells containing the river as river cells.  A cell is described as 

a river cell by assigning a positive riverbed conductance, an elevation of the riverbed and the head of 

the river to the river cell.  Riverbed conductance of a cell is a factor of the hydraulic conductivity of 

the riverbed sediments, the thickness of the sediments and the size of the model cell.  Direct 

measurement of the riverbed conductance is difficult.  Moody successfully calibrated an advective 

fate and transport model in a similar geologic setting during an investigation of groundwater flow and 

induced recharge from the Allegheny River to a municipal well field (Moody, 2002).  The riverbed 

conductance ratio of 0.3 ft/day, calculated during the previous study, was used. 

 

The riverbed elevation was set to the top of the sand and gravel aquifer, ranging from 690 ft at the 

eastern edge to 667 ft at the northwestern, downstream edge of the study area.  The head elevation of 

the river was obtained from the Ambridge and Emsworth, PA US Geological Survey 7.5 Minute 

Quadrangle maps and was set to 710 ft upstream of the Emsworth Dam, 692 ft between the Emsworth 

and Dashields dams, and 682 ft downstream from the Dashields Dam.  The cells designated as river 

cells are shown in Figure 3-3. 

 

3.5.3  Field Data 

To calibrate the hydrogeologic model, well water level data was incorporated into the model.  The 

calibration process involved varying estimated parameters (such as hydraulic conductivity and 

recharge) to match model outputs (like groundwater table elevation) with observed data. 
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The water level data used in the model calibration were obtained from the water well inventory of the 

Pennsylvania Ground Water Information System (PAGWIS; DCNR, 2005).  Data in the PAGWIS 

comes from several governmental agencies (US Geological Survey, PADEP, etc.) and private well 

drillers who submit data to the Pennsylvania Geological Survey.  The PAGWIS wells used during 

calibration are shown in Figure 3-4.  Ground surface elevation data at each well was interpolated 

from the US Geological Survey topographic maps. 

 

3.5.4  Groundwater Recharge 

Groundwater recharge is the rate at which precipitation infiltrates to the aquifer to supply water to the 

groundwater flow system.  The aerial recharge from the overlying finer-grained deposits to the sand 

and gravel aquifer is set at 0.0025 feet per day over the majority of the study area.  This value equals 

approximately eleven inches of aerial recharge per year, which is slightly more than one-fourth of the 

total annual precipitation for the area (Geraghty et al., 1973).  Typically in valley-fill aquifer settings, 

higher recharge rates are found along the toe of the bedrock uplands slope.  This results from the 

lower infiltration rates associated with soils that form on the bedrock uplands, which contributes to a 

higher percentage of surface runoff.  The surface runoff flows down the valley walls and onto the 

relatively flat glacial-alluvial valley-fill materials where, due to the higher infiltration rates associated 

with soils that form on this material, it provides additional recharge to the subsurface.  The aerial 

recharge rate at active model cells along the valley wall is set at 0.005 feet per day to reflect this 

additional recharge source. 

 

3.5.5  Hydraulic Conductivity 

Hydraulic conductivity is the measure of the ease with which water flows through an aquifer and is 

directly correlated to the potential yield of a water supply well.  Hydraulic conductivity can be 

directly calculated through aquifer tests such as constant rate pumping and slug tests.  The hydraulic 

conductivities assigned in the model were calculated from existing pumping test data, where 

available, or estimated from well yields.  During calibration of the 2001 Moody Allegheny River 

model, it was discovered that the hydraulic conductivities calculated from wells situated in the valley-

fill aquifer geologic setting tended to be overestimated (Moody, 2002).  This overestimation is related 

to the effect of recharge boundaries.  As the pumping of a well begins, groundwater elevation in the 

aquifer surrounding the well declines.  The dropping elevation, or pressure in a confined aquifer 

system, forms a downward cone, called the cone of depression, approximately centered on the well.  

As pumping continues, the water elevation further from the well drops and the cone migrates outward 

108508.0001 0027   17



 

from the well.  In an idealized aquifer, a semi-logarithmic plot of drawdown in the well over time will 

show a straight line.  As the cone of depression enlarges, aquifer conditions may be encountered that 

differ significantly from those nearer the pumping well.  If an area of greatly reduced hydraulic 

conductivity (called a barrier boundary) is encountered, the time-drawdown line will be deflected 

downwards.  If a recharge boundary, such a large surface water body (Ohio River), is encountered, 

the time-drawdown line will be deflected upwards from the expected rate and show a slower rate of 

drawdown.   

 

Because the analysis of pumping test data uses the slope of the time-drawdown line, encountering a 

barrier or recharge boundary can affect the hydraulic conductivity calculations.  The relationship 

between the slope of the time-drawdown line and hydraulic conductivity is an inverse one; a steeper 

slope will result in a lower hydraulic conductivity value and a lesser slope will result in a higher 

value.  Thus, encountering a recharge boundary during a pumping test will yield an overestimation of 

hydraulic conductivity.  In this geologic setting, a previous study has shown that the actual hydraulic 

conductivity is approximately 60 percent of the value calculated using a traditional aquifer analysis 

(Moody, 2002).  The hydraulic conductivity values used for the model range from 150 to 420 feet per 

day, which fall within the range of expected hydraulic conductivities found in valley-fill glacial 

outwash aquifers of approximately 10 to 10,000 feet per day (Lyford, et al., 1984).  Figure 3-5 shows 

the distribution of the hydraulic conductivities used in the model. 

 

3.6  Groundwater Withdrawal 

To simulate the groundwater conditions during operation of the water supply wells and the crib, 

groundwater is extracted from the model at the location of each source.  The withdrawal rates are 

based on the permitted yield for each source.  In addition, several municipal and non-municipal high 

capacity (yield of greater than 100 gallons per minute) are found in the study area near the SBWA 

wells.  Table 3-1 provides summary information for each of these wells and Figure 3-6 shows the 

locations of the area high capacity wells. 

 

3.7  Model Results 

The calibrated model produces a volumetric flow budget and predicted groundwater table elevations 

(i.e., head values) during operation of the SBWA water system and local high-capacity wells.  Figure 

3-7 displays the predicted groundwater elevation contours within the study area. 
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3.7.1  Residual Analysis 

Model validation is performed to determine how well the model results fit the observed data.  The 

predicted head values are compared to the reported water levels to assess the model confidence using 

a residual analysis.  A model is considered to fit the data if the residuals appear to behave randomly 

(USDC, 2006) and the magnitudes of the residual errors are acceptably small (BYU, 2005).  The 

model calibration results were determined to fit the observation data.  Table 3-2 shows a comparison 

of the predicted and observed head values. 

 

3.7.2  Volumetric Flow Budget 

An output of the hydrogeologic model is a volumetric flow budget for the study area that quantifies 

the simulated groundwater volumes passing between model elements.  One measure of the relative 

error in a numerical model is the water balance error, which compares the total simulated inflows and 

outflows as computed by the volumetric flow budget.  The difference between the total inflow and 

outflow is divided by either the inflow or the outflow to yield the water balance error.  Ideally, the 

water balance error is less than 0.1%, although an error of approximately 1.0% is usually considered 

acceptable (Anderson and Woessner, 1992).  The water balance error for the numerical model for the 

study area was 0.2%.   

 

Table 3-3 shows the flow volumes of groundwater that moves through the modeled area.  The 

following flow rates are evaluated: 

 Inflow from recharge is the water added to the groundwater system through groundwater 

recharge. 

 Inflow from rivers is the water added to the groundwater system through losing river 

reaches or induced to recharge the ground water system by pumping wells. 

 Inflow from constant head cells is groundwater added to the model at the eastern, upstream 

edge. 

 Outflow to wells is the water extracted by pumping water supply wells. 

 Outflow to rivers is the groundwater discharge to the river in gaining reaches. 

 Outflow to constant head cells is water removed from the model at the northwestern, 

downstream edge. 
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3.7.3  Groundwater Flow Model 

In addition to the volumetric flow budget, the hydrogeologic model also generates groundwater flow 

vectors that describe the direction and rate of groundwater flow within the model area.  Because 

groundwater flows from high to low hydraulic head areas, it typically moves perpendicular to surface 

contour lines under isotropic conditions (i.e., aquifer parameters controlling flow are the same in all 

directions and there is not preferential direction of groundwater flow).  Groundwater exits the model 

through discharge to the river and withdrawals from wells.   

 

A particle tracking algorithm, such as MODPATH, utilizes the model result groundwater velocity 

vector field to determine the predicted flow paths of particles placed in the modeled aquifer.  Particles 

can be placed at a discharge location, such as a well, and traced backwards or placed in areas of 

recharge and traced forwards through the groundwater flow system.  Either method can be used to 

determine the source areas of the groundwater extracted at a water supply well.  For this study, one 

particle was placed in each active cell of the model and traced forwards to its location of discharge 

from the groundwater flow system.  These extrapolated flow traces form the basis of the source water 

protection areas described below. 

 

3.8  Source Water Protection Area Delineations 

In Pennsylvania, source water protection areas for groundwater wells are defined as three zones.  

Zone I is defined as a circle surrounding a well or spring and may range from a radius of 100 to 400 

feet, depending on the pumping rate and geologic setting of the well.  Zone II is the surface area 

overlying the portion of the aquifer through which water is diverted to a well or flows to a spring.  

Zone III is the area that contributes surface or ground water to Zone II that may be significant to 

protecting the quality of the water supply.   

 

The source water protection area calculations and delineations are based on well/groundwater source 

information, groundwater flow patterns and watershed configuration, including the bedrock uplands 

adjacent to the valley-fill aquifer.  The delineated zones for each of the SBWA public water supply 

source are shown in Figure 3-8 and Figure 3-9. 
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3.8.1  Source Water Protection Zone I 

Zone I is the smallest of the three zones and is also the most stringent from a protection standpoint.  

Zone I is a circle, centered on the well, with a radius between 100 and 400 feet.  The management 

goal for Zone I is maintaining it in a natural state, under control of the water supplier, with no 

potential sources of contamination. 

 

Zone I for each of the SBWA public water supply wells was established using the “Recommended 

Zone 1 Wellhead Protection Area Delineation Methodology” Compliance Assistance Document, 

published by the Pennsylvania Department of Environmental Protection (DEP, 2005).  The 

methodology requires three pieces of information to determine the Zone I radius: relative porosity of 

the producing formation, the open borehole interval and the groundwater withdrawal rate.  Table 3-4 

presents the well information and the resultant Zone I radius for each of the public water supply 

wells. 

 

The calculation of the Zone I radii assumes a vertical well.  The radius for the crib presented in Table 

3-4 should be used as an isolation buffer distance from the crib structure. 

 

3.8.2  Source Water Protection Zone II 

The area of the aquifer that contributes groundwater to a pumping well or flowing spring is referred to 

as the capture zone, or zone of diversion.  Zone II is the surface representation of the capture zone.  

This area is delineated by the volume of water, in an aquifer, contributing to a well or spring.  The 

Zone II delineation shown in Figure 3-8 represents the volume of water entering the sources.   

 

An important concept typically employed in the delineation of Zone II protection areas is time of 

travel, which is a measure of the area of a capture zone within which groundwater will reach the well 

or spring within a specified time.  A time of travel of ten or twenty years is commonly used to limit 

the extent of the Zone II protection area.  In the study area, the extent of the Zone II protection area is 

limited by the proximity of the Ohio River and other nearby high-capacity water wells.  The Zone II 

protection area using a ten year time-of-travel is identical to the area with an infinite time-of-travel.  

Zone II for the SBWA wells occupies an area of 367.9 acres or 0.57 square miles. 
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3.8.3  Source Water Protection Zone III 

Zone III is defined as the area that contributes surface or groundwater to Zone II and may be 

significant to protecting the quality of the water supply.  Because the SBWA groundwater sources 

derive a portion of their yield from induced recharge from the Ohio River, the absolute Zone III 

protection area would be the entire Ohio River watershed upstream of the wells.  Water suppliers with 

groundwater sources in this geologic setting should consider establishing, or joining an established, 

river monitoring and early warning organization.  A more immediate potential impact to the wells is 

surface runoff and streams emerging from the bedrock uplands adjacent to the area of the valley-fill 

aquifer identified as Zone II, which could infiltrate to recharge the sand and gravel aquifer.  Zone III, 

shown in Figure 3-9, contains the bedrock uplands that may contribute overland flow to the valley 

bottom and occupies an area of 1,730.8 acres or 2.7 square miles. 
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4.0 Contaminant Source Inventory  

A comprehensive inventory of potential sources of contamination (PSOCs) was compiled for the 

source water protection zones. PSOCs are locations or activities that can adversely affect the quality 

of the water supply. Note that land uses, activities, or individual industries identified in the PSOC 

inventory are not necessarily a source of pollution; however, they have the potential for contaminating 

groundwater.   

 

Hundreds of chemicals and substances are considered "hazardous" by federal and state governmental 

agencies and can contaminate groundwater.  Common hazardous materials include cleaning solvents, 

petroleum products (e.g., fuels and lubricants), paints, thinners, stripping agents, and industrial waste 

liquids or sludge.  These and other materials can enter groundwater through accidents, spills, misuse, 

improper handling, leaks from storage tanks, discharge from septic tanks, floor drains connected to a 

dry well, or illegal dumping.  Even when a high-risk activity employs proper precautions, some of the 

hazardous materials can be accidentally spilled and enter the groundwater through subsurface 

percolation.  

 

PSOCs can be non-point sources (where contamination occurs over a widespread area) or point 

sources (where contamination originates from a single discharge point). Examples of non-point 

sources include stormwater runoff from agricultural fields, residential lawns, and commercial and 

industrial properties. Point sources include wastewater treatment plants, gas stations, dry cleaners, 

and industrial facilities.  

 

4.1  Non-point PSOC Identification and Evaluation 

Non-point PSOCs were identified using aerial photographs, land use maps, and input from the water 

system operators and steering committee. The non-point PSOCs were identified for the SBWA wells 

are described below and in Table 4-1. 

 

 Residential land – Homeowners may inadvertently contaminate a water supply through 

improper disposal of household hazardous waste, over-application of lawn chemicals, and 

improper disposal of pet waste. There is residential land to the east, west, and north of the 

wells. Aerial photos show that the residential land has good tree cover and large yards, which 

aid in stormwater infiltration. 
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 Roads – Roads, parking lots, and other paved areas have the potential to contaminate 

drinking water sources in three different ways: contaminated stormwater, deicing chemicals, 

and contaminant spills. Road surfaces accumulate oil, gasoline, antifreeze, copper, and other 

contaminants through typical wear-and-tear of motor vehicles. After a rain, these 

contaminants are entrained in stormwater and are carried to a nearby surface water or are 

infiltrated into the ground. Similarly, deicing chemicals – typically salt but also sand and 

calcium chloride – are washed into nearby surface waters. Road accidents threaten nearby 

water supplies; even a minor crash can spill oil and gasoline, and a major accident involving 

trucks can spill a payload of industrial chemicals or other hazardous waste. 

 

Ohio River Blvd. (Route 65) is located just north of the wells. A residential parking lot abuts 

the SBWA property to the west. 

 

 Railroads – Railroads are of significant concern to a water supply because of the wide range 

of contaminants that are carried by train (petroleum products, industrial chemicals, etc.), the 

potentially large quantity of a contaminant, and the risk of a derailment or other accident. 

Because a railroad passes very near the wells – between the wells and the river – the threat 

from a spill is significant. 

 

 River pollution – Because the SBWA wells draw water from the Ohio River, pollution from 

upstream is of concern. Pollution events from a barge/boat accident or spill/release from an 

upstream industry could affect the SBWA wells. The types of contamination of most concern 

are those that are dense enough to reach the streambed, such as metals and dense non-

aqueous phase liquids (DNAPLs). An oil or gasoline spill – in which the contaminant would 

float at the surface of the river – are of less concern to the SBWA wells. 

 

4.2  Point Source PSOC Identification Methodology 

Point source PSOCs include activities that use, store, transport, or dispose of the following types of 

contaminants: 

 

 Regulated contaminants with federal primary and secondary maximum contaminant levels for 

safe drinking water 
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 Materials on the EPA contaminant candidate list and contaminants with EPA lifetime health 

advisories or cancer risk numbers; most of these are on the Clean Water Priority Pollutant 

List 

 Giardia and Cryptosporidium  

 Turbidity 
Source Water Protection 

Case Study  Disinfection by-product precursors 

 Taste and odor precursors  

 Other contaminants, as necessary, based 

upon known potential contaminant 

sources 

 

The first step in identifying point source PSOCs in 

the study area was searching publicly-available 

environmental databases for regulated locations, 

as identified by a permit or an enforcement action. 

The PSOCs found through these database searches 

are point sources; non-point sources typically are 

not regulated. A preliminary list of point source 

PSOCs was prepared from the following data 

sources.  

 Active and abandoned mines (DEP, 

2008b; DEP, 2008c) 

Lititz, Pennsylvania 
Industrial contamination, 2008 

 
In January 2008, residents of Lititz, 
Pennsylvania, complained of a minty taste 
and smell in their drinking water. After the 
borough detected “mouthwash flavoring 
agents” in several wells, the nearby 
Johnson and Johnson McNeil Plant – 
which produces Listerine – found a break 
in a four-inch cast iron line and a leaking 
manhole gasket. Approximately 7 to 36 
gallons of production wastewater were 
leaking into the ground every minute. 
Officials said no raw sewage was released 
into the environment. Although this 
industrial discharge was relatively benign, 
it illustrates the threat to drinking water 
supplies from industrial sources (WGAL, 
2008). 

 Permit compliance system (USEPA, 2007b) 

 Resource conservation and recovery information (RCRA) (USEPA, 2007c) 

 CERCLIS (Superfund) (USEPA, 2007a) 

 Aboveground and underground storage tanks (DEP, 2008h) 

 Leaking underground storage tanks (DEP, 2008j) 

 Mine drainage and treatment (DEP, 2008a; DEP, 2008e) 

 Radiation facilities (DEP, 2008g) 

 Residual waste operations (DEP, 2008f; DEP, 2008i) 

 Land recycling cleanup locations (DEP, 2008d) 

 Water resources (DEP, 2008k) 

 Toxic chemical release inventory (USEPA, 2007d) 
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 Oil and gas wells (DCNR, 1996) 

 Golf courses (ESRI, 2006b) 

 Cemeteries (ESRI, 2006a) 

 Stream crossings of major roads, railroad tracks, and petroleum pipelines (SSM, 2008a; 

ESRI, 2006c; PennDOT, 2005; USDOT, 1999) 

 Public PSOCs obtained from 2002 Source Water Assessment Program (SSM, 2008b) 

 

4.3  PSOC Verification 

The PSOCs were verified by the steering committee using aerial photographs and local 

knowledge of the protection area. No new PSOCs were identified. A few PSOCs were removed 

from the preliminary list at the request of SBWA.  

 

4.4  PSOC Ranking and Susceptibility Analysis 

The relative risk of point source PSOCs on 

groundwater is determined through a uniform 

method developed by DEP known as a 

susceptibility analysis (DEP, 2000).  The 

susceptibility analysis is a qualitative measure of 

the relative priority for concern of PSOCs based 

on the drinking water source sensitivity, the 

potential impacts posed by sources of 

contamination to the water source, and the 

possibility of release of the contaminant of 

concern.  The intent of the analysis is to identify 

the most significant PSOCs to assist in making 

local voluntary source water protection programs 

more effective. 

Source Water Protection 
Case Study 

Valparaiso, Indiana 
Salt contamination, 2001 

 
In Valparaiso, Indiana, the state is cleaning 
up salt contamination in an aquifer used by 
the public water supply system. The 
wellfield is located 1,700 feet north of a 
salt handling facility that conducted 
operations without shelter from rain or 
snow. Groundwater monitoring confirmed 
the movement of salt in the aquifer, 120 
feet below the surface, toward the 
wellfield. The projected cost of cleanup is 
over one million dollars and may exceed 
three million dollars (Heywood, 2001; 
Duncan, 1999). 

 

The susceptibility analysis uses a series of tables to determine high, medium, and low values for five 

parameters: time of travel, persistence, quantity of pollutant, sensitivity of the source, and potential 

for release. Some of these parameters are pre-established as a baseline for consistency between 

watersheds throughout the state; the parameters for quantity and potential for release are to be 
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discussed at the public meetings to reflect local concern.  The changes in the threshold values for the 

parameters must be consistent and must apply to the entire group of potential contaminant sources.  

Each PSOC is given a ranking from A to F, with A posing the greatest potential threat and F the least 

potential threat.  

 

Note that the susceptibility analysis only applies to 

point source PSOCs. The A to F ranking is not 

applicable to non-point PSOCs – such as agriculture or 

roads – because their potential impact on the water 

supply depends on their size, location, and other 

factors that are not easily quantified or standardized. 

Even though non-point PSOCs are not ranked, they 

are still threats to the water supply and should be 

monitored and managed. 

Source Water Protection 
Case Study 

 

4.5  Susceptibility Analysis Results 

In total, 51 point source PSOCs were identified in 

Zone II (see Figure 4-1). Of these, 17 PSOCs received 

an A ranking and 10 PSOCs received a B ranking (see 

Table 4-2). These PSOCs, particularly those in close 

proximity to the wells, pose the greatest threat to the water supply and, in general, merit the most 

attention for preventing a contamination problem.  

Walkersville, Maryland 
Bacterial contamination, 2008 

 
In January 2008, more than half a 
million gallons of liquid manure 
seeped into the water supply for 
Walkersville, Maryland, from a broken 
pipe at a nearby dairy farm. The 
drinking water was heavily 
contaminated, with E. coli counts of 
77,000 organisms per 100 mL of water. 
Twelve nearby private wells were also 
contaminated. Residents were required 
to boil their water and drink bottled 
water for two weeks, until they began 
to receive potable water from a nearby 
city. The Walkersville wells were not 
able to provide drinkable water for 
months (Hauck, 2008). 

 

SBWA has expressed concern about fuel storage tanks across the Ohio River and the Brunot Island 

power plant, which stores large quantities of fuel. Neither of these facilities is in Zone II, and Brunot 

Island is far upstream of Sewickley. A fuel spill from either of these facilities is unlikely to impact the 

SBWA wells; when petroleum spills, it typically floats on the surface of the water, and is not likely to 

be pulled into any of the SBWA wells or crib. 

 

The A and B ranked PSOC types include: 

 Underground storage tanks (USTs): USTs are used primarily to store gasoline, heating 

fuel, or other petroleum products for home, commercial, and industrial use.  Industries also 

store a wide range of other substances in USTs, such as acids, metals, industrial solvents, 
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technical grade chemicals, and chemical wastes.  Although some new USTs have stringent 

installation requirements (gasoline stations, for example, require double-hulled tanks with an 

alarm system), old tanks may corrode and their contents leak into the soil and groundwater. In 

many cases, old USTs are abandoned in place.  In addition, accidental overflow and spills 

during filling of USTs pose a threat to groundwater. 

 

 Auto repair/service stations: Auto repair, storage, and salvage facilities store and use a wide 

range of substances such as gasoline, diesel fuel, motor oil, antifreeze, brake fluid, 

refrigerants, battery acid, and cleaning solvents. Methyl tertiary-butyl ether (MTBE) and 

other fuel oxygenates are increasingly recognized as a groundwater contaminants, even in 

very small quantities. Benzene, toluene, ethylbenzene, and xylene (BTEX) are associated 

with hydrocarbons and move with water due to their high water-solubility. Paint, paint 

thinners, and other body repair materials commonly used at auto repair shops and service 

stations often contain metals such as arsenic, chromium, copper, lead, and mercury. 

 

 Boating yards and marinas:  Boating yards and marinas are commonly used to store, 

maintain, and launch boats.  Typical operations that may pose a threat to source water 

include:  bilge pumping – where fuel or oil spills contaminate bilge water that is then pumped 

into open water; fueling – spilling of fuel into water during fueling of boats; engine 

maintenance – disposal of petroleum-based products in the water or onto the ground; vessel 

cleaning – spilling of cleaning products that are toxic, nonbiodegradable and contain 

hazardous chemicals into the water or directly onto pervious land; fish waste – concentrated 

amounts of fish waste disposed into open water or onto pervious land; vessel sewage – 

disposal of untreated sewage into open water; and other wastes – disposal or spilling of 

material from painting or sanding operations, fats, solvents, oils, emulsifiers, disinfectants, 

poisons, phosphates, and other similar items into open water or onto pervious land. 

 

 Combined sewer outfalls:  Typically, during dry weather conditions, sewage in combined 

sewer systems flows to a sewage treatment plant and stormwater flows to surface waters.  

During periods of increased and heavy precipitation, the capacity of the combined sewage 

and stormwater system may become compromised and the existing surface water outfalls act 

as points of overflow.  These overflow points allow sewage and stormwater contaminants to 

be discharged to surface waters. 
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 Drinking water treatment plants: As part of the drinking water treatment process, water 

treatment plants produce a variety of waste products.  Wastes may be generated from the 

following processes: coagulation/filtration; precipitative softening; membrane separation; ion 

exchange; granular activated carbon; and stripping processes.  Waste contaminant categories 

include: metals, suspended solids, organics, radionuclides, biological, and inorganics, total 

dissolved solids, nitrates, volatile organic compounds, synthetic organic compounds, and 

heavy metals.  If waste contaminants are not disposed of properly, a potential threat to water 

supplies exists.  In addition, chlorine and other disinfectant chemicals, which require careful 

storage and handling, may be stored at water treatment plants in large quantities. 

 

 Oil and gas wells/production:  Production wells relating to oil and gas are a potential 

conduit for groundwater contaminants.  Oil production is accompanied by the production of 

saline wastewater, which was historically disposed of in unlined pits.  These leaking, unlined 

pits caused groundwater contamination.  Current practices in the oil production industry 

reinject the brine into deep underground formations.  Improper injection practices pose a 

threat to groundwater contamination.  Improper handling and processing of oil and gas 

production operations from spilling or leakage of drilling fluids, chemicals used in treatment 

wells, corrosion inhibitors, and other chemicals also pose a threat to groundwater 

contamination.   

 

 NPDES locations: Entities with a National Pollution Discharge Elimination System 

(NPDES) permit are legally authorized to discharge into a water of the United States from a 

specified outfall. An NPDES permit is typically given for a wastewater treatment plant, an 

industrial discharge, and stormwater outfalls in urban areas. All permits specify effluent 

limits that cannot be exceeded. Typical regulated parameters include bacteria, temperature, 

pH, nitrates, metals, etc. However, it is still possible for a violation to occur, which could 

release higher levels of contaminants into the receiving water. 

 

 RCRA (Resource Conservation and Recovery Act) facilities: As noted by EPA, 

“Although EPA guidelines are designed to prevent toxic releases at RCRA facilities, 

accidents or other activities have sometimes released pollutants into soil, groundwater, 

surface water and air.”  RCRA facilities generate and store hazardous waste, which much be 

handled carefully to prevent release into the environment. 
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 River barges/shipping:  River barges may be used to carry a wide variety of materials, 

including hazardous substances.  River barges must handle and transport material carefully to 

prevent spillage or leakage of transport material, cleaning water and solvents, or fuel into the 

surrounding waters.   

 

 Road maintenance depots: Road maintenance depots store, dispatch, and repair/maintain 

equipment and materials associated with road maintenance activities.  Improper storage, 

transport, and disposal of materials, as well as, accidental leaks or spills of petroleum related 

products used to service and/or fuel equipment, machinery and vehicles pose a threat to 

groundwater contamination.     

 

 Transportation corridors: Nonpoint source runoff from roads, highways, and bridges 

contribute a significant source of pollutants to surface and groundwater.  As rainwater or 

melting snow washes off of impervious surfaces, it picks up dirt and dust, rubber and metal 

deposits from tire wear, antifreeze, engine oil, pesticides and fertilizers, cigarette butts, pet 

waste, and other litter.  In addition, uncontained spillages and leaks associated with accidents 

within transportation corridors, as well as any contaminant that is carried in bulk on a truck or 

railcar can be spilled onto the ground or directly into a waterway at a bridge crossing. 

 

 Wastewater treatment plants: Because wastewater treatment facilities are often located 

adjacent to rivers, proper management and maintenance is critical.  Many plants store 

disinfection chemicals such as chlorine, sulfur dioxide, and bromine chlorides onsite.  These 

chemicals must be carefully stored to prevent an accidental release into the waterway.  

Facilities that receive wet weather overflows may cause the plant to exceed its capacity, 

resulting in a discharge of untreated or partially-treated sewage to the waterway. 

 

Appendix D contains the susceptibility analysis for all the point source PSOCs. It lists as much of the 

following information as is readily available through the database searches for each PSOC: 

  

 Facility name 

 Physical address and municipality 

 PSOC type 

 Contaminants of concern 

 Protection zone and well impacted 
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 Susceptibility risk ranking from A (highest risk) to F (lowest risk)  

 

Note that information for some PSOCs was missing from the electronic databases. Although efforts 

were made to identify the owner and the address, some of this information was not available. SBWA 

provided addresses for many of the PSOCs. 

 

4.6  Continued Maintenance of the PSOC Database 

PSOCs in the study area will be continually changing – some PSOCs may change, and new ones will 

arise. A “live” database of PSOCs should be maintained so that SBWA can remain aware of potential 

threats to the water supply.  

 

Source Water Protection 
Case Study 

To this end, municipal staff, individuals, and 

organizations should be enlisted to help safeguard 

the water supply area. Interested 

people/organizations will be the “eyes and ears” as 

they live, work, and travel through the watershed. 

Blank PSOC reporting forms (see Appendix E) 

should be provided to environmental groups and 

any individuals who are interested in watershed 

monitoring. If a possible PSOC is noticed – for 

example, a group of 55-gallon drums – then the 

observer can fill out and mail a reporting form for 

further investigation.  

 

If a new PSOC is identified, it should be field-verified to assess its potential threat to the water 

supply. If the PSOC is deemed a serious threat, then the owner should be identified and educated 

about the possible threat to the water supply.  

Laytonsville, Maryland 
TCE contamination from a landfill, 1991 

 
Montgomery County officials told residents 
that a nearby landfill would never pollute 
their drinking water – and if it did, they 
would provide free water for 50 years. Well, 
in 1991, low levels of trichloroethylene 
(TCE) and Freon were detected in wells near 
the landfill. Residents sued the county, who 
was required to extend public water mains to 
145 houses at a cost of $3 million. In 
addition, the county will pay approximately 
$45,000 per year to provide free drinking 
water to residents until 2045 (Ainsworth et 
al., undated).

 

Appendix E also contains sample letters that can be sent to property owners to notify them of their 

designation as a PSOC. The letters can be altered to best fit the PSOC and can serve as a first step in 

opening a dialogue with the owner. The letter should help PSOC owners understand their importance 

to source water protection and the steps they can take to help protect the community’s water supply. 
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Electronic copies of these letters that can be altered by SBWA are also included on the CD at the end of 

this report. 
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5.0 Source Water Protection Management Plan  

This section describes the management options that SBWA can implement as part of this source water 

protection plan. The management plan is intended to protect the source of water for the community 

from present and/or future potential contaminants, including those identified in Section 4, with 

reasonable and sustainable measures.  The plan applies to the delineated protection zones and the 

potential sources of contamination in these areas.  

 

Community water suppliers may choose from a wide variety of management options, ranging from 

“no action” to highly protective measures that require regulatory implementation. Table 5-1 lists 

potential management options that may be considered for source water protection. Not every option is 

relevant to every community. Some options can be easily implemented, while others require greater 

effort, expense, and administrative oversight. Appendix F provides additional information about 

funding for source water protection projects. 

 

Zone I and Zone II are confined to Sewickley 

Borough and Osborne Borough in Allegheny 

County. SBWA may wish to work with these 

municipalities when implementing this source 

water protection plan. Because the wells are 

vulnerable to pollution events occurring upstream, 

SBWA may also wish to work with upstream 

communities to reduce the risk of an accidental 

spill or release to the Ohio River.  

Source Water Protection 
Case Study 

 

5.1  Land Use Assessment 

To assess possible management strategies for the 

source water protection areas, it is important to 

understand their existing land uses. The majority 

of land in Zone II is residential (42 percent), followed by roads (17 percent), the Ohio River (17 

percent), and commercial/industrial land (15 percent). 

West Groton, Massachusetts  
TCE contamination, 1985 

 
In 1985, the West Groton Water Supply 
District detected low levels of 
trichloroethylene (TCE) in the groundwater 
that supplies its wells. The TCE was traced 
to a machine shop in Zone II. After the 
shop was closed, the TCE was no longer 
detected. When the owner decided to sell 
the property several years later, the district 
purchased it to ensure that no future 
contamination would occur from the 
commercial site. In addition, the district 
could also better protect a stream running 
through the property that is hydraulically 
linked to its wellfield (Ernst, 2004). 
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5.2  Management Options 

This section describes the management options that SBWA can pursue for source water protection. 

The list below is neither all-inclusive nor required. The list is tailored to include specific measures to 

address PSOCs in SBWA’s protection zones as well as general management options to ensure 

comprehensive source water protection.  

 

Steering Committee  

1. Keep the steering committee together to address source water protection and other water 

resources issues in the protection area. Meetings can be held once or twice per year. 

 

Public Education 

2. Distribute printed media – including brochures, restaurant placements, and bookmarks – in 

the community. Brochure topics can include information about household hazardous waste, 

proper disposal of pharmaceuticals, maintenance of septic systems, etc. A colorful, 

commonsense placemat for local eateries educates residents and visitors alike about source 

water protection. Bookmarks printed with source water protection information make great 

giveaways at local fairs, festivals, carnivals, or school events.   

 

3. Conduct tours of water supply facilities for schoolchildren. Allowing children to see firsthand 

the origin and treatment of their water is an effective way to teach them about source water 

protection.  For example, one water system buses third grade students to the municipal 

building where they are given pizza and watch a video, visit a well house, test water in a 

stream, watch a demonstration of the groundwater flow model, and identify household 

hazardous waste.   

 

PSOCs: General 

4. Work with neighboring municipalities, the Allegheny County Conservation District, 

volunteer groups and the general public to update the inventory of PSOCs annually. 

 

Source Water Protection Zone Notification 

5. Educate Sewickley Borough officials, Osborne Borough officials, the Coast Guard station, 

and others about the protection zones, and educate each entity about their role in source water 

protection. 
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Emergency Planning 

6. Review and update the emergency response plan annually to make sure all contact 

information and provisions for an alternate water supply are current. 

 

5.3  Implementation Plan 

Table 5-2 outlines SBWA’s implementation plan for protecting its water supply. The table includes 

potential partners, a general schedule, and possible funding sources for each management option.  

 

The schedule provided in Table 5-2 is very general, with five options: 

 Annual – this identifies management options that should be completed once every year. 

Examples include updating the emergency response plan, holding a steering committee 

meeting, and updating the PSOC inventory. 

 Immediate – these are management options that the water system should consider 

implementing soon after their source water protection plan is updated. Immediate 

management options include those that get the word out to the community about the source 

water protection plan and future source water protection efforts. 

 Short-term – this identifies a management option that SBWA should consider completing 

sooner rather than later, potentially within the first few years after approval of this plan. 

These options have a higher priority because they are more likely to have a significant effect 

protecting the water supply. 

 Long-term – these management options are less critical and should be completed after most 

of the short-term tasks are implemented. 

 Ongoing – these management options should be on SBWA’s back burner, and should be 

implemented as an opportunity arises. For example, a farmer in a critical location for the 

wells might request assistance with a streambank protection project. SBWA could provide 

financial or other in-kind support for this project that will protect the wells. 

 

5.4  Annual Reporting 

After the source water protection plan is approved, SBWA is required to submit an annual report to 

DEP. SBWA must note any steering committee meetings, educational efforts, or other steps taken to 

implement the source water protection plan. The annual reporting form is included in Appendix G.  
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6.0 Emergency Response Plan  

In the event of an emergency that could impact the water supply, immediate action is often critical in 

preventing or minimizing contamination. Therefore, it is essential that SBWA has a comprehensive 

emergency plan as required by DEP. The emergency response plan (ERP) will help SBWA provide 

safe and adequate drinking water under emergency conditions. Possible emergency situations include 

a distribution system line break, power outages, drought conditions, disinfection system failure, 

contamination of supply, source pump failure, and prolonged water outage. 

 

If the existing water supply cannot be used 

because of contamination, SBWA would open 

emergency interconnections with Edgeworth 

Water and Aleppo Water.  

Source Water Protection 
Case Study 

 

6.1  Types of Contamination Events 

DEP recognizes three general categories of 

contamination, and the general response 

required (DEP, 1997): 

1. Bacteriological contamination – The 

water supply should be chlorinated at 

all times to control bacterial 

contamination. Standby chlorination 

facilities – including a chlorinator, 

supporting equipment, and supply of 

chemicals – should be available at all 

times for adequate disinfection of the 

water supply. 

 

2. Chemical contamination – In general, 

chemical contaminants will either be toxic, interfere with the normal treatment process, or 

create taste and odor problems in the finished water. In the event of contamination from a 

toxic chemical (e.g., heavy metal, cyanide, etc.), the water source should be shut down 

immediately and alternate sources of supply placed into service. Water rationing may be 

required, and public notification should be given. If the water is deemed safe but the quality 

Norway, Maine  
Underground storage tank leak, 1990 

 
In 1990, gasoline was discovered leaking from 
an underground storage tank just 600 feet from 
the municipal well for the town of Norway, 
Maine. Fortunately, the wellhead protection 
area had already been characterized and 
contingency measures had been planned. 
Consequently, the Town of Norway was able to 
quickly shut down the well to contain the 
plume of fuel-related compounds. To avoid 
drawing the contaminant plume closer, the well 
was shut down for 15 months, while the 
contamination was pumped and treated. The 
Norway Water Department purchased water 
from a neighboring town via a preexisting 
water connection, through a contingency 
agreement that had been reached before the 
emergency. In addition to the agreements with 
its neighbors to purchase drinking water in case 
of an emergency, Norway has persuaded them 
to equip all fire trucks with absorbent padding 
in the event of an accidental spill in the vicinity 
of the well, and to alert the Norway Water 
Department if a spill occurs (EPA, undated). 
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of the finished water is affected, plans for additional or alternate treatment should be 

available. Emergency stores of certain chemicals – such as activated carbon – may be 

required. 

 

3. Other biological contamination – Non-bacteriological contamination from a biological 

source, such as excessive algal growth, is more likely in surface water supplies than in 

groundwater. Alternate or additional treatment processes may be required. 

 

6.2  Emergency Response Plan 

SBWA recognizes that threats to potable water supplies can occur through both accidental and 

intentional spills and releases. SBWA is committed to minimizing the threat of a contamination event; 

it is also committed to having an effective response plan if contamination of the water supply occurs. 

 

SBWA maintains an ERP for its water system that is regularly updated. The plan includes contact 

information for all local officials, media, and emergency responders.  

 

If a contamination event occurs, SBWA will contact DEP, local and county emergency management, 

and water customers. SBWA can also contact SSM, who developed the hydrogeologic model and 

determined the source water protection zones. SSM personnel can use the model to assess the 

potential impact from the spill and recommend an approach to prevent or minimize contamination of 

the well.  
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7.0 Protection of Identified New Source Sites 

As part of an approved source water protection management plan, the community water supplier must 

evaluate alternative sources for long-term supply in the event that an existing source becomes 

unusable.  The plan must address the source protection measures that can be implemented today for 

the water supply needed for tomorrow. 

 

SBWA can utilize interconections with neighboring 

water supply systems in the event that the existing 

sources become unusable.  

Source Water Protection 
Case Study 

Reading, Massachusetts 
Fuel spill, 1993 

 
On September 30, 1992, a tanker truck 
overturned on an interstate exit ramp, 
spilling 10,000 gallons of gasoline. The 
fuel flowed into wetlands only a few 
hundred feet away from the wells that 
provides drinking water to the town of 
Reading, Massachusetts. Operators 
immediately shut down six of nine 
wells and opened interconnections with 
nearby systems. A full-scale 
remediation effort was initiated, but the 
six wells remained offline for months. 
Ultimately, Reading changed its water 
supply from local groundwater to a 
regional surface water source 
(Connelly, 1994). 

 

The management programs described in Section 5 

should be implemented in these areas to help protect 

them for potential new water supply sources. 
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