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1. EXECUTIVE SUMMARY 
 
 
 The following items highlight the findings, conclusions and recommendations derived for 
the Stormwater Management Plan. The reader is urged to read the entire Volume I of the report 
to give better perspective to the following highlights. 
 
 
1.1 GOALS OF THE STUDY 
 

• Develop a long-range Stormwater Management Plan for the defined areas in York 
 

o Hydrologic analyses of watersheds 
o Define deficiencies in existing systems 
o Develop a range of mitigation programs 
o Provide recommendations for action 
o Establish approximate costs for mitigation 
o Evaluate potential funding sources 

 
1.2 PROJECT AREA DEFINITION AND CHARACTERISTICS 
 

• Study area – East of Turnpike between York and Cape Neddick Rivers 

• Total area - 6716 acres 

• Outlet points - 25 (subwatersheds) 

• Typical coastal Maine physiography 

o Extensive beach/dune systems at shore 
o Glacial till uplands; shallow bedrock 
o Numerous upland streams leading to beaches 
o Extensive wetlands along watercourses and in ledge pockets 
o Mixed development-mostly residential except along Route 1 

 
• Somewhat scattered and limited area for development 

• Limited existing public drain systems 
 
1.3 DEFINED EXISTING SYSTEM DEFICIENCIES 
 

• Evaluation criteria 
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o Normal minor culverts – 25-year storm 
o Culverts on significant watercourses – 50-year storm 
o Beach area outlet systems – 50- to 100-year 

 (varies with storm tide conditions) 
o Spring tide +6.5’ – storm surge 4’ 

 
• Upland system deficiencies 

 
o Inadequate pipe sizing – drain configuration 

 Route 1 culverts 
 Vicinity of Barrell Lane system outfall 
 York Street south end of Long Sands Beach 
 Vicinity of Airport Drive Extension – Cape Neddick 

 
• Major watercourse culverts 

 
o See Table 3 on following page. 
o See also Appendix C. 

 
• Beach area systems (Long Sands and Short Sands Beaches) 

 
o Insufficient local drains 
o Discharge culverts significantly undersized 
o Outfall protection marginal 
o Tidal influences are significant 

 
• Inadequate maintenance of existing facilities 

 
o Inadequate planning for development 

 
The above listed major deficiencies create significant stormwater surcharge and flooding, 
especially in the low lying areas behind the Long Sands and Short Sands dune systems. 
 

1.4 REMEDIAL ACTION 
 

• Non-structural Elements 
 

o The Town should take all wetlands as identified on Plan 2 into its 
conservation easement program – include areas 100 feet back from high water 
or 2 feet above the high water elevation, whichever is greater. 

o Public easements should be acquired along all significant cross country 
stormdrains, streams, and watercourses. Secure fifty feet where possible, 20 
foot minimum. These easements should give the Town full right of access any 
time. 
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o Private development stormwater management should be required on all 
residential subdivisions or developments over two acres and on all 
commercial development. It should require that these private plans have a 
funding mechanism to assure long-term maintenance of facilities. All plans 
must be reviewed for compatibility with overall Stormwater Management 
Plan. The Town should have review authority of maintenance in perpetuity. 
May require ordinance update. 

o The ordinances should be modified to prohibit construction of any building or 
the major modification or enlargement to any building that is not located at an 
elevation 12 Mean Sea Level (MSL) or higher. 

o Individual homes that are considered fill-in units must demonstrate 
compliance with the wetland setback and elevation restriction conditions 
defined above. 

o All new culverts, or culvert replacements, either public or private should be a 
minimum of 15” in diameter. 

 
• Structural improvements 

 
o Upland system upgrades 

 Enlarge Route 1 culvert near Turnpike entrance 
 Provide control structure – enhanced detention – upstream of Route 1 

culvert 
 Modify Barrell Lane system – new outfall 
 Enlarge culverts at Outfall P York Street at south end of Long Sands 

beach 
 Provide new local drain system – Airport Drive Extension – Cape 

Neddick 
o Major watercourse culvert upgrades 

 See Table 3 for upgrade identification. 
 

o Beach area remediation 
 Install trunk drains to consolidate flows to four locations 
 Install new outfalls at four locations 
− Headworks 
− Multiple discharge pipes 
− Terminal structure (optional) 

 
If the system is to remain a gravity flow system, tidal backwater will occur at 
times of storm surge. Combined with upland flow, water elevation behind the 
dune could reach elevation of 11 to 12 feet. This elevation would flood 
significant areas. To fully control beach area floodings, a pumped discharge 
system will be required to avoid flooding. 

 
o Install discharge pumps at all outfalls 

 Pumps 
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 Sluice gates 
 Automatic control system 
 Power source 

 
1.5 IMPLEMENTATION COST PROJECTIONS 
 

• Non-structural elements $    200,000 

• Upland system upgrades $    975,000 

• Stream culvert/control structures $    907,000 

o Subtotal – Upland/culvert upgrades $ 1,882,000 

• Major facilities at beaches  
 See Table 5 – following page 

o Base Program $16,470,000 
o Base + Pumps $31,960,000 
o Base + pumps + terminal stations $35,760,000 

 
• Operation & maintenance (O&M) existing systems - $150,000 - $200,000/year 

 
• Create a stormwater utility $    100,000 

 
1.6 FUNDING SOURCES 
 

The magnitude of capital expenditures required to fully implement the program is well 
beyond the normal capacity of a small town. 

 
• Local fund raising sources 

 
o General taxation 
o Creation of a stormwater utility 

 
• Existing state and federal grant-in-aid programs 

 
o Flood Mitigation Assistance Project Grants (MEMA)  
o Pre-Disaster Mitigation Program (MEMA) 
o Community Development Block Grants 
o State Revolving Loan Fund 
o Watershed Protection and Flood Prevention (USDA) 
o North American Wetland Conservation (US Fish and Wildlife) 
o Cooperating Technical Partners (HUD and NFIP) 
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Table 5 
Beach Systems Cost Projections 

Location Base Costs Add Pumps Add Terminal 
Structure 

Outfall O     
 Consolidation drains $3,200,000  
 Headworks without pumps $510,000 $4,000,000 
 Outfall pipes $1,350,000  $1,200,000
   
 Subtotal Base Cost $5,350,000  
 Subtotal Base + Pumps $9,350,000 
 Subtotal Base + Pumps + Terminal  $10,550,000
   
Outfall K   
 Consolidation drains $1,980,000  
 Headworks without pumps $810,000 $4,000,000 
 Outfall pipes $1,350,000  $1,200,000
   
 Subtotal Base Cost $4,140,000  
 Subtotal Base + Pumps $8,140,000 
 Subtotal Base + Pumps + Terminal  $9,340,000
  
Outfall I  
 Consolidation drains $1,550,000  
 Headworks without pumps $550,000 $3,000,000 
 Outfall pipes $820,000  $750,000
   
 Subtotal Base Cost $2,920,000  
 Subtotal Base + Pumps $5,920,000 
 Subtotal Base + Pumps + Terminal  $6,670,000
  
Outfall G  
 Consolidation drains $1,900,000  
 Headworks without pumps $810,000 $4,000,000 
 Outfall pipes $1,350,000  $1,200,000
   
 Subtotal Base Cost $4,060,000  
 Subtotal Base + Pumps $8,050,000 
 Subtotal Base + Pumps + Terminal  $9,250,000
  

 Total Program $16,470,000 $31,460,000 $35,760,000
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NOTES: Costs include 10% construction contingency + 25% engineering & technical services. 
 Costs Include allowance for watershed instrumentation. 
 

• Special federal funding 
 

The local funding sources may support the suggested increase in O&M funding, 
implementation of the recommended non-structural actions, and perhaps remediation of local 
upland system problems. Limited aid may be available from the traditional governmental 
funding sources to upgrade main watercourse culverts with installation of control structures 
where backwater detention is planned. 
 
 Accomplishment of major construction at the beaches will require supplemental federal 
aid through some source such as “earmarking” legislation, or special demonstration grant funds. 
It will be necessary to work through the congressional delegation to evaluate these special 
funding sources. 

 
1.7 SCHEDULING 
 

Some elements of work can be reasonably scheduled at this time, while major beach area 
construction is dependent on special funding. The following is recommended for the immediate 
future. 

 
• Accomplish all non-structural elements  2006-2009 

• Accomplish local upland system upgrades 2007-2009 

• Upgrade stream culverts with control structures 2007-2009 

 
1.8 RECOMMENDATIONS 
 

• Accomplish all non-structural elements as soon as possible (see Section 6.2.2, page 6-
2) 

• Apply for state and federal funding support under existing programs 

• Accomplish priority upland system upgrades 

• Create a stormwater utility for the defined study area 

• Increase budget for drainage system O&M to $150,000-200,000/year 

• Meet with Maine Turnpike Authority to explore detention potential west of Turnpike 

• Upgrade and install control structures at locations where detention is available 
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• Upgrade designated non-detention culverts 

• Consider placement of a removable barrier system across Short Sands parking lot in 
the winter to provide some protection from surge/wave overtopping 

• Implement upland system upgrades as funding permits 

• Meet with congressional delegates to explore avenues of supplemental aid 

• Implement beach program when funds become available 

• Establish long term savings plan for beach area proceeds 

The total base program including non-structural elements, the upland system upgrades, 
the culvert/control structure upgrades and the base gravity outfalls (without terminal structures) 
at the beaches is projected at about $1,850,000. 
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2. INTRODUCTION 

 
The Town of York is a coastal community in southern Maine. Typical of such 

communities, York has been subjected to significant growth pressures. The attributes of the 
community include easy access from the Maine Turnpike and its direct link to the Greater 
Boston Metropolitan area. In addition, the extensive beaches at Long Sands and Short Sands 
have long been an attraction to summer visitors. 

Stormwater runoff, especially along the beach areas, has been an ongoing problem for 
many years. This is evidenced by historic records and photographs. Photos showing the chronic 
flooding problems in the beach areas are illustrated in a series of photos on the following pages. 

As development has accelerated, the stormwater runoff problems have also increased. In 
the upland areas, commercial and residential run off rates have placed higher peak flows in the 
natural water courses. In the vicinity of the beaches, additional development has taken place in 
flood prone areas. 

The Town recognized these growing problems in the mid-1970’s. In 1977 the York 
Beach Village Corporation retained the firm of Cleverdon, Varney & Pike to prepare a brief 
conceptual plan for remediation of flooding problems. This plan suggested several pump stations 
to transfer upland flows to the ocean. However, the cost of implementation and the availability of 
funds precluded any actual construction. 

In early 2004, the Town requested that Environmental Engineering & Remediation 
(EER), now Edwards and Kelcey, undertake a general overview of the stormwater conditions in 
the Town and to prepare a Memorandum of Guidance for use by the Town in developing a 
comprehensive Stormwater Management Plan. This Guidance Memorandum was presented to 
the Town on January 16, 2004. 

After review by Town officials, the Town requested the consultant to prepare a Scope of 
Services that would implement the recommendations of the Guidance Memorandum in a phased 
approach as funding and the required technical data became available. Edwards and Kelcey was 
authorized to begin the program in June, 2004. 

The initial year of the program was largely spent in general technical data assembly and 
review. Upon completion of data assembly, the technical analyses have been proceeding to 
establish realistic design conditions based on these hydrologic projections. Schematic design of 
the primary remedial measures has been accomplished. 

This report presents the data and recommendations developed for remedial action. The 
report will be finalized after review of this edition by Town officials and the Town Council. 



P:\938 York Watershed Management\Final Report 6-30-06.doc 

 
2-2 

 

 
 
 

 
 
 
 
 
 
 
 
 
 
 
 

HISTORIC PHOTOS 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



P:\938 York Watershed Management\Final Report 6-30-06.doc 

 
2-3 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

MAY 2006 PHOTOS 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



P:\938 York Watershed Management\Final Report 6-30-06.doc 

 
3-1 

3. EXISTING CONDITIONS 
 

 
The area of interest defined for this study is that portion of Town east of the Maine 

Turnpike (I-95) to the ocean, between the York River and the Cape Neddick River. This area is 
shown on a USGS plan following this page (Fig. 1). The topography and geology is typical of 
the glacial coastal plain of Maine. The ridges and upland areas are glacial till overlying shallow 
bedrock. The area is cut by numerous small streams in the valley areas. These lowland areas 
have extensive wetlands along the streams and in depression in the bedrock. 

 
The retreat of the glacier left extensive sand dune deposits and sand beaches along the 

coast in what is known as the Long Sands and Short Sands Beaches. These beach dunes serve as 
a barrier to upland runoff trying to reach the ocean. Many years ago the barrier dunes were 
developed to carry roadways (U.S. Route 1-A), to support extensive development abutting the 
highway, and in low lying areas behind the dunes.  

 
The general topography and geologic conditions have created very complex hydrologic 

systems. Fortunately in recent years, advances in computer technology have made hydrologic 
modeling of such watersheds possible. Such modeling and analysis are vital to the development 
of a realistic remedial action program. However, it must be noted that hydraulic modeling under 
such complex physical conditions is not a precise science and a good deal of professional 
judgment must be applied when utilizing the output data.  

 
The major stormwater problems that exist today include extensive flooding of developed 

areas lying behind the roadways built on the old dune system. Culverts have been installed under 
the highway/dune system to allow upland flow to escape to the ocean. As flows have increased 
over the years, these culverts have become too small to be effective. Most importantly, all of 
these culverts are subject to tidal influence, especially during storm events. As a result of 
increased upland flow approaching the beaches and reverse tidal flow through the culverts, 
substantial areas behind the dunes at both Long Sands and Short Sands are subject to significant 
flooding. The photos in the prior section illustrate typical conditions. 

 
The second significant stormwater problem is the backup and flooding along the upland 

streams. The flooding is created by natural watercourses being restricted in carrying capacity due 
to extensive vegetation and encroachment of development. In many instances the culvert sizes on 
roadways crossing the streams are undersized. Much of the stream water backup and flooding 
occurs in natural wetland areas. However, in some areas, where development has encroached too 
closely to wetlands, residential flooding occurs. The undersized culverts are also a benefit as they 
do detain water in the wetland areas, thus reducing peak runoff rates. 

 
In the more urbanized upland areas of the Town, existing drainage is carried in roadway 

gutters and limited formal piped drainage systems. These gutter/drain systems generally 
discharge to the nearest watercourse and flow overland to the ocean or rivers. While the existing 
urban area drainage systems do not provide efficient overall stormwater removal, they generally 
create only minor inconvenience and maintenance problems (except as noted below) as opposed 
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to major flood problems at the beaches. Expansion and upgrading of these urban systems will 
likely take place over a period of years as funding may be available. The more urgent needs in 
the beach areas will take priority. 
 
Problems in the upland drainage areas that warrant early remedial action include: 
 

• Route 1 undersized culverts 
• Barrell Lane system outfall undersized 
• Culverts on York Street, south end of Long Sands Beach undersized 
• Local drain system – Airport Drive Extension, Cape Neddick inadequate 
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4. DATA  ASSEMBLY 
 

To enable realistic hydrologic evaluations of the complex watershed conditions in York, 
it was necessary to assemble extensive topographic, photographic and physiological data for the 
subject watersheds. 

The Town retained Bradstreet Consultants Inc. to take up-to-date aerial photos of the 
project area and to prepare two-foot contours. This data was utilized to define watershed and 
subwatershed limits. Due to the diverse land forms in the area, watershed delineation was 
difficult and time consuming. The aerial photos were also used by the Town as a GIS base where 
zoning, land use patterns and wetland delineation could be graphically illustrated. The data is 
such that any scale desired can be produced. 

Considerable detail that cannot be determined by photogrammetry had to be field 
assembled. This data included location and documentation of all major culverts, inlets or other 
pertinent drainage features. This data was assembled in the field by the staff of Edwards and 
Kelcey. This data has been integrated into the Town’s GIS system. Appendix C of this report 
presents the culvert data in printed form. A computer disc is also provided to allow the Town 
immediate access to the data. Culverts needing immediate upgrade are identified later in this 
report. 

Oceanographic and tidal data were established by NOAA and published by “Maine 
Harbors.” Sand dune designations and status were obtained from published data of the Maine 
Geological Survey. Potentially applicable environmental regulations were obtained from the 
Maine Department of Environmental Protection (DEP). Soil characteristics and runoff potential 
were established from the medium intensity soils mapping accomplished by the York County, 
Soil and Water Conservation Service. 
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5. HYDROLOGIC EVALUATIONS 
 

 
5.1 ANALYTICAL PROCEDURES/CRITERIA 
 

As noted in previous sections, the topography and drainage patterns in the coastal 
sections of the Town are quite complex. Hydrologic analysis of such watersheds requires 
computer modeling of existing and future conditions. Edwards and Kelcey utilized HydroCad 
7.10 (©2005 HydroCAD Solutions LLC) for basic evaluation of the York watersheds. The input 
data required to run the model were obtained from the recent aerial photos and topography, 
general Town mapping and extensive field reconnaissance. The watersheds and outfall locations 
are shown on Plan 1 in Volume 2 of this report. 

 
It must be recognized that computer modeling of complex watersheds is not an exact 

science and projected flows can vary significantly depending on the accuracy of input data and 
the level of detail in defining sub-watersheds. The model data presented in this report is based on 
Edwards and Kelcey’s best judgment on appropriate input data, consistent with the scope of the 
study, and careful review of output data to assure its reasonableness. To assure reasonableness, 
the peak flows at the major outfalls were checked by other methods utilized by MDOT (Rational 
and USGS) drainage analyses. 

 
The runoff from any area will vary with the amount of rainfall that falls on the watershed. 

Intensity of rainfall is determined by detailed analysis of actual rainfall records taken at various 
first order weather stations. The U. S. Government has completed such evaluations and can 
predict the intensity of rainfall that is likely to occur over a 24-hour period for various return 
frequencies. A return frequency is simply a statement of how often such an event should occur, 
i.e. a five-year frequency storm should occur once every five years, etc. It must be recognized 
that statistical projection are not always adhered to by Mother Nature, witness that three 100-
year storms have occurred in the last 25 years. 

 
For this study, flow projections based on 25-year, 50-year and 100-year frequency storms 

have been adopted. Lesser intensity storms do not have significant flooding impact. Upland drain 
systems would be based on a 25-year storm event while the 50- and 100-year storm events would 
be used for the major systems at the beach. Of note, the storm of May 12-13, 2006 is estimated to 
exceed a statistical 500-year storm event. Volume 3 of this report presents a detailed summary of 
the computer modeling. 

 
5.2 EXISTING CONDITION ANALYSES 
 

Existing condition flood flow projections are based on land use in the watershed as it 
exists today. The watercourses were modeled in their existing condition and current culvert 
sizing as determined by field reconnaissance. 

 
Plan 1, in the accompanying plan set shows the watershed areas tributary to each 

discharge point in the study area. In addition to individual watersheds, those that are likely to be 



P:\938 York Watershed Management\Final Report 6-30-06.doc 

 
5-2 

consolidated as part of any mitigation program have been further highlighted. There will be three 
points of consolidation along Long Sands and one at Short Sands. The total drainage area of each 
watershed is shown in Table 1. 
 

Table No. 1 
Watershed Data 

Watershed Discharge Point Total Area 

A Cape Neddick River 479.6 
B Cape Neddick River 342.3 
C Cape Neddick River 187.1 
D Cape Neddick River 75.7 
E Cape Neddick River 46.8 
F Short Sands Beach 49.4 
G Short Sands Beach 582.5 
I Long Sands Beach 98.0 
J Long Sands Beach 332.2 
K Long Sands Beach 470.5 
L Long Sands Beach 256.6 
M Long Sands Beach 83.9 
N Long Sands Beach 10.0 
O Long Sands Beach 1746.8 
P Long Sands Beach 263.0 
R York River 128.5 
S York River 199.0 
T York River 127.3 
U York River 379.6 
V York River 69.4 
W Turnpike Culverts 59.1 
X Turnpike Culverts 116.7 
Y Turnpike Culverts 61.3 
Z Turnpike Culverts 164.3 
 Total Combined Area 6716.2 

 
 
Plan 2, in the accompanying plan set shows the current zoning within the study area. 

General existing land use can be identified from the aerial photos. Significant wetlands which 
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will affect storm water runoff are also illustrated. The wetlands highlighted in blue are those in 
which existing culverts create de facto detention areas, or supplemental detention is proposed. 

  
The current study is based on a USGS datum of mean tide equals elevation 0. Normal 

low tide is about elevation -4.6 while normal high tide is about elevation +4.6 feet. A naturally 
occurring “spring” tide will be about 1.9 feet above normal high tide, that is about elevation 6.5 
feet. 

 
Surges occur at the shore during storm events when high winds tend to drive the water 

shoreward. Along the Maine coast this is typically an East or Northeast wind. These surges will 
vary with the intensity of the storm, its duration and wind direction. Hurricane surges can easily 
exceed 10 feet. For the purpose of this study Edwards and Kelcey adopted a 4-foot storm surge. 
This does not consider wave action at the shore. If the storm surge coincides with a spring tide, a 
highwater elevation of about 10.5 to 11 feet can be anticipated.  
 

It is noted that many upstream culverts at road crossings are not sized to carry the 
projected flows without significant surcharge. These culverts create de facto detention areas 
along the watercourses. This de facto detention significantly reduces the peak downstream flow 
rates. If these culverts were upgraded to carry higher flow and other control means were not 
installed, the flow arriving at the beach will be increased significantly. As discussed in later 
sections, retaining the wetlands and enhancing their detention capacity is vital to the Town’s 
overall stormwater management program. The flow projection assumes continued use of, and 
enhancement where possible, of the detention inherent in the existing wetland areas. 

 
In some locations the culvert surcharge may not create a problem as the flooded area may 

be a wetland. However, in other situations the culvert surcharging may be detrimental. The key 
surcharging culverts should be evaluated to determine if upsizing is beneficial to the overall 
program, or if the restrictions on flow they represent should remain in place. Culverts that create 
a backwater that will top this road are identified for upgrading. 

 
As to be expected, the most severe drainage problems occur at Long Sands and Short 

Sands where serious, damaging flooding occurs during storm events above a certain intensity. In 
these areas the hydraulic analyses reveal the problem to have two root causes. First, the runoff 
from the upland areas for storm events of 25-year frequency cannot pass through the dune 
system to the ocean. The culvert sizes are simply too small. Secondly, the tidal elevation at the 
time of peak runoff has a significant impact on the carrying capacity of the discharge culverts.  
 

Tidal conditions have a great impact on flooding potential behind the dunes at Long 
Sands and Short Sands. If there were little upland flow reaching the beaches, the ocean would 
reverse flow through the culverts and could bring water elevation behind the dunes to 10 to 11 
feet. Significant areas behind the dunes, including developed areas, are below this elevation. If a 
significant upland flow arrives at the beaches concurrently with a higher than normal tide, the 
problem is exacerbated as the upland flow cannot pass to the ocean without creating an 
additional surcharge of several feet. Elevation 12 could be reached under extreme conditions. 
These conditions can create very severe flooding. Thus, the design of any remedial action 
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program must consider the tandem influences of excessive upland flow and tidal conditions at 
the beaches. Volume 3 of this report presents a summary of hydrologic study printouts. 

 
5.3 FUTURE CONDITION ANALYSIS 

 
The intensity of runoff for any watershed will depend on its state of development. As 

development takes place and land use patterns are altered, the runoff rates will increase. 
 
Design of remedial measures must try to anticipate the development and changes in land 

use which may occur over the design life of the facility. Even though projection of growth 
beyond a 10 year period is of limited value, some judgment decisions must be made to assure 
reasonable allowance for future conditions in any design process. 

 
Edwards and Kelcey staff met with the planning director of York to discuss growth 

potential in the critical watersheds. It was noted that extensive wetland areas exist throughout the 
watersheds. Development must not encroach into the wetlands. The upland areas throughout the 
watersheds are relatively small and somewhat isolated from each other. The planning director 
felt that these conditions are not favorable to large scale developments, and thus, most 
development would be of the scattered residential type. Should a large residential or commercial 
development be proposed, it would have to have its own storm water management plan which 
would control offsite runoff to preconstruction conditions. This requirement for private 
development will be a key factor in preventing conditions from deteriorating further. These 
individual stormwater management programs must be coordinated with this report, as some 
development in the lower parts of the watersheds may not require detention. In these areas, it 
may be desirable to pass flow to the ocean as quickly as possible. 

 
Based on these discussions it would appear that future development in the critical 

watersheds tributary to the beaches will be somewhat limited in relationship to the size of the 
watersheds, and the major development would require its own stormwater management system. 
Conservative design based on existing condition flow projections for the area would appear to be 
appropriate. Recommendations for action are included in later sections.
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6. REMEDIAL ACTION PROGRAMS 

 
6.1 GOALS OF REMEDIAL ACTIONS 

 
The primary emphasis of any remedial action program must be placed on mitigating the 

serious flooding problems that occur in the Long Sands and Short Sands beach areas. This 
flooding causes major damage to homes and businesses and creates serious disruptions to the 
Town’s economy. The secondary thrust of the mitigation programs is to contain upland flooding 
to low land and wetland areas in a manner that will not cause damage to adjacent property, and 
will not damage public infrastructure. Critical upland culverts and outfalls that are currently 
creating localized flooding problems must also be addressed. 

 
The solution to these problems will not be easy or fully accomplished in a short time 

frame. A large amount of public investment will be required together with modification in public 
policy. That may not be popular with all segments of the population. 

 
The goal of the remedial action programs is to accomplish the desired level of flood 

control as cost effectively as possible, in a manner that will be acceptable to the citizens of the 
Town, and can be permitted under state and federal regulations. 

 
6.2 NON-STRUCTURAL ACTIONS 
 
6.2.1 Discussion of Non-structural Elements 

 
An effective storm water management plan will have two components, i.e. a series of 

non-structural actions which can be taken to lessen the runoff that must be handled, and a 
structural component to actually transport the incoming flow to a safe disposal point. 

 
As discussed in the prior section on hydrology, the existence of substantial areas of 

wetlands in the watersheds tributary to the beach areas are extremely valuable in reducing peak 
flows that arrive at the beaches. Without these wetlands the peak flows would be much larger 
than those predicted. In the past it was common practice to fill and encroach on wetlands for 
development. This has happened in wetlands adjacent to the beach dunes. Fortunately, 
encroachment into wetlands away from the beaches has been generally limited. In the past 25 
years the importance of these wetlands has been recognized and federal, state and local statutes 
have regulated the use of wetlands. The Town of York has initiated a program of establishing 
conservation easements over critical wetlands.  

 
The hydrologic investigations made have identified wetland areas that currently serve as 

stormwater detention areas. These are shown in light blue on Plan 2 of the accompanying plan 
set. Also shown on the plan are wetland areas that are not now serving as significant detention 
areas, but do serve to dampen peak runoff and could possibly be used for added detention. 
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It is vital that all of these wetlands be protected in their existing state. Any development 
or alteration of these wetlands would have significant adverse impact on peak runoff. It is 
recommended that the Town expand its conservation easement program to include all identified 
wetlands, both those currently serving as detention areas and those which simply dampen 
outflow. The easements should extend to a point 100 feet from the edge of the wetland, or to a 
point where the elevation is 2 feet higher than the projected high water elevation of the wetland, 
whichever is the greatest. It is also recommended that public easements be obtained along all 
major streams or water courses to prevent further encroachment from development that could 
diminish their flow capacity. Where possible these easements should be 50 feet in width. 

 
Although large, intense development in the watersheds is expected to be limited, any 

development in excess of 2 acres should be required to have a storm water management program 
established during the planning process. This local watershed management plan must be fully 
coordinated with the overall hydrology of the watershed. Any local plan that includes a storm 
water detention pond must also include a long term operation and maintenance provision. This 
must include a legally binding process for securing funds for any necessary maintenance. This 
could be via legally established property owner associations, or a process of tax surcharge under 
which the Town would maintain the facilities. The Town’s subdivision and land use ordinances 
should be reviewed to assure that provisions for creation of local storm water management plans 
and their long term operation and maintenance are assured. It is also recommended that all 
culverts, either public or private, be a minimum of 15” in diameter. 

 
In the areas behind the beach dunes it is recommended that no building be allowed to be 

built or expanded in size, where the ground elevation is less than 12 feet, USGS base. Elevations 
below this may be subject to flooding even with extensive structural mitigation measures. 
  
6.2.2 Water Quality Impacts 
 

The beaches at Long Sands and Short Sands are a major asset of the town and it is 
important to keep the water quality and esthetics of the beaches at acceptable levels. Stormwater 
runoff normally carries a significant pollutant load including silt, bacteria and various 
hydrocarbon chemicals. It is not possible to provide formal treatment to all flows being 
discharged to the beaches, however, if all of the wetlands are preserved, they will serve a 
valuable function of filtering and absorbing many pollutanta as the runoff passes through them. 
Thus, in addition to the hydrologic flow damping the wetlands serve a significant water quality 
function.  

 
6.2.3 Summary Statement of Non-structural Actions 
 

• The Town should take all wetlands as identified on Plan 2 into its conservation 
easement program – include areas 100 feet back from high water or 2 feet above the 
high water elevation, whichever is greater. 
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• Public easements should be acquired along all significant stormdrains, streams, and 
watercourses. Secure fifty feet where possible, 20 foot minimum. These easements 
should give the Town full right of access any time. 

 
• Private development stormwater management should be required on all residential 

subdivisions or developments over two acres and on all commercial development. It 
should require that these private plans have a funding mechanism to assure long-term 
maintenance of facilities. All plans must be reviewed for compatibility with overall 
Stormwater Management Plan. This may require ordinance updates. 

 
• The ordinances should be modified to prohibit construction of any building or the 

major modification or enlargement to any building that is not located at an elevation 
12 MSL or higher. 

 
• Individual homes that are considered fill-in units must demonstrate compliance with 

the wetland setback and elevation restriction conditions defined above. 
 

• All new culverts, or culvert replacements, either public or private should be a 
minimum of 15” in diameter. 

 
6.3 STRUCTURAL ACTIONS 
 
6.3.1 Discussion of Structural Actions 
 
6.3.1.1 Upland Structural Improvements 

 
The hydrologic studies are based on maximum utilization of wetlands for detention of 

stormwater, thus reducing peak flows downstream. The hydrologic analyses indicate that at some 
culvert crossing locations, backwater would overtop the road. In other locations, the culvert 
backwater did not cause road overtopping, indicating that the pipe was reasonably sized, if inlet 
condition remained clean. To assure that the detention capacity of wetland areas is achieved, 
formal headwall and control structures should be installed on all culverts where detention is to be 
achieved. At locations where road overtopping would occur, the culvert would also be enlarged. 
 

It is noted that the Maine DEP normally discourages ponds on wetlands for detention. In 
the case of York, many of the wetlands have been serving as de facto detention areas for many 
years. It would seem reasonable to allow continuation of this beneficial use of the designated 
wetlands. 
 

The inventory of existing culverts (Appendix C) also identified culverts that are in poor 
condition, have poor entrance or exit conditions, or some other deficiency that would dictate 
replacement. A listing of proposed culvert upgrades is included in Section 6.3.2 Summary 
Statement on Structural Actions. 
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The watersheds have been reviewed to determine if additional detention could be 
reasonably provided. One area that could be considered for additional detention would be areas 
west of the Maine Turnpike. Providing detention in these areas would require construction of 
control structures on the inlets to the Turnpike culverts, and would place water directly against 
their roadway embankments for short periods of time. Also as this area has not served as a de 
facto detention facility in past years, the Maine DEP would likely require permitting, if 
compatible with regulations. Normally they discourage ponding of wetlands for detention. 
 

For these reasons, detention west of the Turnpike has not been included in the hydrologic 
analysis. If the Town wishes to approach the Turnpike for consideration of such detention, the 
analysis could be adjusted. 
 

Additional detention is proposed upstream of the major Route 1 culvert in the Outfall O 
watershed. This will require a control structure on private property and rights of access. 
 

There are other significant wetland areas that are not considered for additional detention. 
In these cases the elevation of the wetland is very similar to existing residential areas and any 
raising of water level would in itself cause flooding. 
 

A special condition exists at Short Sands Beach where the northeast orientation of the 
cove creates significant storm surge that, when combined with wave action, causes seawater to 
cross the parking lot on the old dune system to flood adjacent streets. Discussions with the Maine 
DEP reveal that the State will not permit any installation of a seawall to protect against surge or 
wave action. However, they indicated that it may be possible to raise the elevation of the parking 
lot by placing dune sand and rebuilding the parking lot on top. However, without some sort of 
structural protection on the newly placed sand, its long-term stability may be questioned. 
 

As most of the high tide surge and wave action occur during the winter months, it may be 
possible to consider installation of temporary barriers on the parking lot that could be removed in 
the spring. This type of system may not prevent all surge overtopping, but could lessen its 
frequency and severity. 
 

Several other upland drainage problems have been identified through discussion with 
Town officials. These include drainage from the small pond/wetland area on Airport Road 
Extension in the residential neighborhood on Cape Neddick. Resolution of this problem will 
require installation of a new properly sized outfall and some ancillary piping. This outfall should 
not be affected by tidal action. A schematic plan of this drain upgrade is shown on Figure 2, 
attached as Appendix A of this report. 
 

The new system will provide a 36” drain from the low point in Airport Drive Extension 
extending to Broadway, thence to a new outfall. The existing wetland/pond area that provides 
some detention will overflow to the new system. 
 

The area served by Outfall P at the south end of Long Sands beach is undersized and 
causes backup and area flooding during storm events. The outlet culverts should be enlarged to 
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carry projected peak flows. This outfall may be marginally impacted by extreme high tide, but it 
should essentially act as a free-flowing outlet. Outfall P is currently a series of 36” RCP’s which 
outlet to the ocean at approximately eight feet.  There is an existing detention area that is 
controlled by a 36” cross culvert flowing under a private drive (Culvert 195) to a channel then 
crossing under York Street before entering the outfall structure.   
 

The private drive crown elevation is slightly less than 14’ and currently the detention area 
on a 25-year storm event reaches an elevation of 14.11’ and 14.5’ on a 50-year event.  With the 
ocean being so close the apparent solution is to increase the culvert size to allow free flow 
directly to the ocean.  It is proposed to replace the existing (3) 36” culverts with new 60” x 38” 
elliptical concrete pipe.  This will lower the elevation in the detention area to 13.29’ on a 50-year 
storm event and prevent any flooding from encroaching on abutting residences.  A schematic 
plan of this drainage upgrade is shown on Figure 3. 
 

The area tributary to Outfall R flows to the York River via Barrell Lane. This system is 
undersized and must be upgraded. The existing catch basin next to Barrel Lane has very poor 
inlet conditions and should be replaced to improve hydraulics.  The existing 36” outlet flows 
through two other structures and over 215’ of 36” pipe before discharging to the York River.  
With the upstream stormwater runoff discharging directly into Catch Basin 286-50 and the 
addition of downstream flow from adjacent structures, the existing 36” culvert is not adequate 
during large rainfall events.   
 

It is proposes that Catch Basin 286-50 be replaced with a sizable structure to 
accommodate inflow requirements, with a new 36” outlet to the river.  The proposed 36” outlet 
will have a lower invert elevation to accommodate the upstream flow. The existing 36” outlet 
will be retained for overflow.  The proposed outlet can be installed on public property, adjacent 
to the pump station, and outlet in close proximity to the existing outlet. This upgrade is shown in 
Figure 4.  
 

Culvert 126 crosses Route 1 next to the on and off ramps of Interstate 95.  The existing 
18” culvert is not adequate for stormwater runoff greater than a 25-year storm event.  A private 
pond discharges to the culvert on large storm events causing a surge of flow directly to culvert 
126 and flooding out Route 1.   
 

Due to elevation and property restrictions there is no immediate solution to effectively 
control the runoff.  A proposed 36” culvert would more than double the capacity and reduce the 
flooding of Route 1 on large storm events.   A structure with a weir is also advised to control the 
overflow discharge from the pond. This will require access to private property. Figures 5 
illustrates this proposal. 
 

A second culvert under Route 1 near the Turnpike entrance should be enlarged. An 
extensive review of Culvert 82 and the corresponding detention area 5P was completed to 
determine a possible solution to the flooding of Route 1.  Current stormwater runoff is detained 
behind Culvert 82 in a low area that does not provide adequate storage for any rainfall frequency 
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event above a 50-year storm.  Currently the standing stormwater elevation on a 50-year storm is 
39.49 feet with Route 1 being at elevation 39.2 feet.   
 

Reviewing options to lower the elevation below flood conditions has led to controlling 
detention upstream and reducing the peak flow to Route 1.  Increasing the capacity of Culvert 82 
was considered, however, not advised due to downstream infrastructure and conditions.   
 

The area recommended for detention is a low lying, flat, forested wetland with over 38 
acre-feet of storage capacity.  Currently the area slowly meanders through the wetland to Reach 
73 where it travels to Culvert 82.  A proposed structure, consisting of an orifice and weir, is to be 
placed at the mouth of the wetland in order to control peak flows and detain within the wetland.  
The location of the proposed orifice weir structure is on private property. An access drive must 
also be installed on access the site. The detention area is shown on Figure 7.   

 
The drainage areas that flow directly to the Cape Neddick River rather than to the 

beaches appear to pass flows to the river without significant problems. However, there is 
significant potential development property in these watersheds that could alter conditions unless 
the non-structural recommendations are adopted. 
 
6.3.1.2 Beach Area Structural Actions 

 
Even with accomplishment of all of the non-structural program elements discussed in the 

forgoing, the existing outlet drain infrastructure at the beaches is grossly undersized and major 
structural improvements must be made. As discussed in the hydrology section all structural 
improvements at the beach must consider both the upland flow that must be passed and the 
influence of tide levels. At low tide conditions, outfall pipes will act as free discharge culverts. 
At high tide conditions the pipe will be submerged and will have significantly different hydraulic 
characteristics. 

 
Normal spring tide levels of about 6.5 feet (MSL) occur several times a year. The 

frequency of storm surges that raise the tide levels are known to occur, but are most difficult to 
predict. Storm surges of up to 4 feet are not uncommon but their frequency of occurrence cannot 
be predicted. Hurricanes or tropical storms that could raise sea levels significantly occur, but are 
less frequent. The most critical conditions would occur when a spring tide coincides with a storm 
surge and high upland runoff. The return frequency of such a combination of natural events 
cannot be predicted. Thus, the actual natural conditions adopted for design must be subjected to a 
good deal of judgment. 

 
For the analyses of this report the following critical conditions have been assumed; 

coincidental occurrence of a spring tide of 6.5 feet, a 4 foot storm surge and an upland flow 
approximating a 25 year to 50 year storm. Also the facilities should pass a 100 year storm flow at 
a normal high tide of 4.5 feet. The proposed facilities should be designed to pass the designated 
flow, while creating a backwater elevation not exceeding 10 feet (MSL). This will allow some 
localized flooding. Also it is noted that if a gravity outfall is used the surcharge backwater could 
approach 12 feet. 
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Accomplishing the above criteria will be a significant design challenge. The key decision 

on any outlet system will be the use of gravity flow only, or the use of supplemental pumping 
facilities to maintain backwater depths to whatever level is desired. Any storm tide that reaches 
elevation 9 feet will create some backwater behind the beaches, regardless of upland flow rates. 
A gravity discharge system will require an additional head to push any upland flow though the 
outflow pipes. Depending on the coincidence of natural conditions, a gravity outlet system would 
likely create a backwater elevation of 11 to 12 feet. This is the rational for restricting buildings to 
elevation 12 or above. 

 
The only way to assure backwater will remain below a flood level of 8 feet will be the 

installation of discharge pumps. This was recommended by Cleverdon Varney and Pike in the 
1970’s. Both gravity and pump systems have been considered as part of this study.  

 
Currently there are eight substantial stormwater outfall locations along the beaches. 

These are shown on Plan 1 in the accompanying plan set. As all new outfall structures will be 
expensive it will be desirable to consolidate the flows to eliminate some outfalls. Hydraulic 
studies have indicated that the upland flows at Long Sands can be consolidated through a series 
of trunk drains to three discharge locations. These are designated as Outfalls I, K, and O. At 
Short Sands beach, flow can be consolidated to one location, Outfall G. The installation of trunk 
drains behind the dunes is also necessary to provide localized drainage facilities in the very flat 
areas that currently exist. Additional street drains can be installed to further expand service in the 
future as funds may become available. 

 
6.3.1.3 Consolidation Trunk Drains 

 
Through use of aerial photos, topographic maps and field recognizance the tentative 

routings of the trunk storm drains have been established, one system for each designated major 
outfall. A schematic layout of the trunk drains delivering flow to Outfall O is shown on Figure 8 
in Appendix A. The main trunk drain generally follows the low area behind the beach. In some 
areas the drain will be located in public streets, while in other areas rights-of-way across private 
property will be required. Due to the features of the area and the limited cover available for drain 
installation, the design must use an elliptical pipe with the long axis laid horizontally. A slope on 
the pipe of only 0.2% will be available and cover in some places may be limited to 18 inches. 

 
Southerly of Outfall O, a trunk drain will be extended to Beachwood Ave. Trunk drains 

will be installed westerly in Beachwood and Surf Avenue to the vicinity of the brook at the head 
of the streets. These drains are also shown in Figure 1. At this location special inlet structures 
should be provided to allow brook flow entry if the water level exceeds an elevation of 9 to 10 
feet. Theses inlets are required as development and vegetation have encroached into the natural 
channel to restrict flows. 

 
As the proposed trunk drains will be of considerable size and at shallow depths there will 

undoubtedly be conflicts with existing underground utilities. While final design will try to 
minimize the conflicts, some relocation of existing utilities will undoubtedly be required. More 



P:\938 York Watershed Management\Final Report 6-30-06.doc 

 
6-8 

detailed plans and profiles of the above described trunk drains are shown on Plan 3 of the 
accompanying plan set. The system as illustrated on the schematic drawing and plan will 
concentrate runoff at Route 1-A in the vicinity of the existing culvert designated existing Outfall 
O. More detailed plans and profiles of this trunk drain are shown on Plan 4 of the accompanying 
plan set. 

 
A schematic diagram of the trunk drain consolidating flows to Outfall K is shown on 

Figure 9. Again the pipe sizing will be based on elliptical pipe laid at minimal grade with 
shallow cover. A portion of the drain will run along the shoulder of RT 1-A to carry flow from 
Outfall L back to the Outfall K location. Inlet stubs will be provided to the wetland areas to 
minimize backup and protect adjacent buildings. More detailed plans and profiles of this trunk 
drain are shown on Plan 4 of the accompanying plan set.  

 
A schematic diagram of the trunk drain consolidating flow to Outfall I is shown on 

Figure 10. The pipeline characteristics for this drain system will be similar to those described at 
Outfalls K and O. However, the drain alignment is somewhat more complex due to the street and 
development patterns in the area. In some locations drains will have to be located quite close to 
buildings. More detailed plans and profiles of this trunk drain are show on Plan 5 of the 
accompanying plan set.  

 
All upland flows tributary to Short Sands beach will be concentrated at one location at 

the north end of the beach, except some flow from Cape Neddick. A schematic diagram of the 
proposed trunk drain is shown on Figure 11. The trunk drain system required at Short Sands is 
not quite as extensive as that the Long Sands locations. However, it may be more disruptive to 
traffic and existing businesses during construction. More detailed plans and profiles of the 
consolidation drain at Short Sand are shown on Plan 6 of the accompanying plan set. 
 
 It must be noted that the capacities in the trunk drains will be significantly influenced by 
tide levels. If tide levels are high enough to flood the pipe, carrying capacity will be reduced as a 
standing water head must be established to push water though the outfall. The full effectiveness 
of the trunk drain system will only be realized if a pumped discharge system is installed to allow 
basically open flow conditions for the trunk drains. The pumped versus gravity outfall is 
discussed in the following section. 
 
6.3.1.4 Outfall Structures 
 

The trunk drain systems described above consolidates the upland flows at three locations 
at Long Sands and one location at Short Sands. Watersheds M, N and O are concentrated at the 
major outlet of Outfall O. Watersheds J, K and L are concentrated at the outlet of watershed K. 
Flows at the north end of Long Sands is concentrated at Outfall J. The Short Sands flow is 
concentrated at Outfall G.  

 
With the flows thus concentrated, the problem is to transfer the flow to the ocean in a 

manner that will prevent flooding of the low areas behind the beaches. Flooding of some areas 
behind the dunes will occur unless pumping is provided. The question of how often will extreme 
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high tides coincide with peak upland flow delivery to the outfalls can not be predicted with any 
degree of accuracy. Upon completion of the new outfalls, all old existing outfalls should be 
blocked to prevent seawater from backing inland. 

 
If the Town desired to assure that areas behind the dunes will be fully protected from 

flooding, it will be necessary to install large discharge pumps to pass the upland flows to the 
ocean. This was recommended in the 1970’s study. Such a system would provide optimum 
protection, but would be complex and somewhat more costly. 

 
As the frequency of need for a pumped system is uncertain and the costs would be rather 

high, a concept has been developed that would utilize gravity outfalls initially with the design 
orientated such that pump units could be added in the future if flooding frequency becomes 
unacceptable. This phased option would require installation of larger outfall pipes initially, but 
would allow phased construction and assembly of more data before committing to a pumped 
system. 

 
The outfall systems will require major structures in difficult construction conditions. The 

proposed outfall system would consist of a headworks chamber where the incoming pipe would 
distribute flow to multiple outfall pipes, usually three. The outfall pipes would carry flow to the 
ocean. At the discharge point another major terminal structure would be desirable. The ocean 
discharge systems must consider the rate of upland flow and tidal conditions. For this study 
Edwards and Kelcey has considered both a gravity flow outfall system and a pumped outfall 
system.  

 
A gravity discharge system will always be subject to tidal surcharge. If a high tide/storm 

surge elevation should reach elevation 10.5, the water would stand at this elevation behind the 
dunes, even if no upland flow was present. This condition alone could cause street and yard 
flooding in several areas. In addition it is necessary to create a backwater head on the outfall 
pipes and trunk drains to push the upland flow though to the ocean. The backwater head required 
will depend on the rate of inflow and the size of pipe selected. 

 
Critical conditions occur with a peak runoff for the selected storm frequency occurs 

simultaneously with an abnormal high tide. If a 1-foot hydraulic backwater is allowed, the water 
elevation behind the dunes could reach elevation 11.5 to 12. This elevation would flood 
significant areas behind the dunes. Thus it is desirable to minimize the required backwater head 
to the lowest amount possible. This will dictate large outfall pipes. The flood zones of elevation 
10 and elevation 12 are illustrated on Plans 7, 8, 9 and 10. Hydraulic analysis shows that with 
reliance on a gravity outfall system there will be occasional flooding up to elevation 12 feet. 

 
The gravity outfall system will significantly reduce flood potential from rainfall/runoff 

events that occur at normal tide levels. The flooding that occurred in May 2006 was typical of 
such an event where runoff occurred at normal tides. Once the new outfalls are installed, all 
existing outfall outlets to the ocean must be blocked.  
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Schematic design plans of the headworks structure is shown in Figure 12 in Appendix A. 
Two illustrative cross sections are shown on Figure 13. The initial flow distribution structure is 
shown in solid lines. If at some time in the future discharge pumps need to be installed for 
enhanced flood protection, they would be mounted in new structure additions, one on either side 
of the primary distribution chamber. If pumps were to be installed, an entry trash rack would be 
required to protect the pumps.   

 
For proper operation of the pump station a series of automated sluice gates would be 

required to bring the pumps on and off line as hydraulic conditions vary. The pumps would not 
operate frequently or for long periods of time. The power requirements for such pumps will be 
significant, perhaps up to 1600HP at some units. Actual power consumption will not be great, 
but the demand charges will be significant. The question of standby power at each location must 
be considered as the critical conditions are likely to occur during a severe storm event. The 
discharge pumps could be large vertical propeller pumps, or Archimedes screw pumps. A 
schematic diagram of a typical screw pump installation is shown on Figure 14. Power 
requirements would be similar for each type of pump. Screw pumps would require a larger 
footprint and would be more intrusive. 

 
The configuration of the outfall systems at each major outfall location will be similar. 

The number and size of outfall pipes may change for a specific location with accompanying 
structure dimension changes. All locations will require construction well below high tide. 

 
It is unlikely such line power along the beaches is currently available. Final design should 

consider providing local power generation at each station in lieu of line power plus standby 
power. 
  
 The outflows and tentative pipe sizing are shown in Table 2. As noted previously, the 
sizing is based on the following conditions: 
 
 
  

Table No. 2 
Summary of Outfall Conditions 

Item Outfall 
 O K I G 

Est. 25-Year Outflow (CFS)` 305 314 50 270 
Est. 50-Year Outflow (CFS) 350 352 56 320 
Est. 100-Year Outflow (CFS) 580 434 70 415 
Number of Outfall Pipes 3 3 2 3 
Pipe Size 66” 66” 36” 66” 
Number of Pumps 6 6 3 6 
Pump Capacity (Total) (CFS) 400 360 60 380 
Approximate Horse Power (Total) 1600 1500 1000 1600 
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Gravity Outfall Systems 

   Design flow 50+ year storm 
   Design tide level 10.5 feet 
 
  Pumped Outfall 
   Design flow 50+ year storm 
   Design tide elevation 11 feet 
  

The pipe sizings in the table are approximate for these basic design criteria. Adjustments 
may be made during final design. 

 
To better ascertain when, or if pumped discharge systems may be required, it is proposed 

to install instrumentation to measure and record actual conditions at each outfall. 
 
The following data should be recorded: 

 
• Rainfall – 2 locations 
• Flow rates – Each outfall structure 
• Backwater elevations 
• Tide levels 
• Detention area elevations 

 
This data will give the Town a sound database on which to consider future program elements. 
 
6.3.1.5 Terminal Structures 
 

The terminal structure is shown in schematic design on Figure 15 in Appendix A. Again 
the actual size will vary with outfall locations. An extensive terminal structure is desirable to 
protect the pipes from the heavy waves that occur along the beach during northeast storms. 
Without such a structure the pipe is more vulnerable to wave action and debris could be washed 
back into the pipes. This deposit of debris in outfall pipes has been a major maintenance problem 
on existing outfalls. Locating multiple outlets on the sides of the structure will lessen the debris 
entry problem and will lessen potential beach erosion at the outfall location. Outfalls of this 
magnitude can also be attractive nuisances with people curious about them. All outlets to the 
structure must be barred to prevent children from entering the pipes. Heavy riprap will be added 
around the structure for its further protection from wave action. 

 
However, the terminal structure illustrated is quite expensive. An option would be to 

replace the terminal structure with heavy rip rap protection. Costs have been developed for both 
options. The initial program could use the rip rap approach with formal terminal structures 
installed at a later date in conditions warrant. 
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6.3.2 Summary Statement of Structural Improvements 
 

The following is a summary of all recommended structural flow mitigation facilities: 
 
• Culvert Upgrades:  Table 3 following this page lists all culverts where upgrades may be 

required. Those line items shaded will be scheduled for early upgrade. The remaining 
units would be accomplished over time, as need and funding permit. NOTE: See 
Appendix C for full inventory of culverts. 

 
• Upgrade drain system – Airport Drive Extension, Cape Neddick 

o New drain system 
o New inlets 
o New outfall 

 
• Upgrade Barrell Lane outfall 

o New inlet structure 
o New outfall 

 
• Replace/enlarge culverts on York Street 

o Culvert at Private Drive 
o Culvert at Outfall P - York Street 
o New outfall 

 
• Enlarge Route 1 culvert near Turnpike Extension 

 
• Provide supplemental upland detention upstream of Route 1 culvert 

o Control orifice-weir 
o Access drive 

 
• Consolidate flows at beaches to four locations: 

o Outfall O, Outfall K, Outfall I and Outfall G 
See Plans 3, 4, 5, & 6, Volume 2 

 
• Install Enlarged Ocean Outfalls at Outfall O, K, I & G 

o Headworks structure – gravity outlet 
o Multiple outfall pipes 
o Terminal structure (optional) 

Figures 6, 7 & 8; See Table 2 for sizing 
 

• Install instrumentation at outfall locations 
o Record flows 
o Record backwater elevation 
o Record tide levels 
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• Install instrumentation at key culvert inlet control structures 

o Record flows 
o Record backwater elevation 

 
• Install 2 rain gauges in watersheds 

o Record precipitation 
 

• Based on demonstrated need, install outfall pumps at outfall locations with automated 
control gates. See Figures 8, 9 and 10. 
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7. COST PROJECTIONS 

 
7.1 NON STRUCTURAL ACTIONS 

 
The non-structural elements of the program defined in Section 6.2.2 are largely 

administrative in nature. To take the wetlands into the Town’s conservation area to the levels 
defined herein will require significant preparatory work, including: 

 
• Formal wetland survey to define limits 
• Survey to identify 100-foot setback and 2-foot elevation line 
• Definition of property ownership 
• Legal work as necessary to secure easements 

 
To secure rights-of-way along major water courses will also require preparatory work: 
 

• Definition of property ownership 
• Determination of rights-of-way widths 
• Legal work as required to secure rights-of-way 

 
As there is a very significant amount of wetland areas and watercourses, the preparatory 

delineation and survey costs will be significant. The legal effort will also be significant. As most 
of the land to be placed under conservation area or right-of-way is not buildable or suited for any 
other uses, the actual value of the property should be minimal. 
 

While it is quite difficult at this stage of the program to set firm costs on the preparatory 
work for conservation area transfers and rights-of-way, we would suggest a general budget 
amount of $200,000. 

 
7.2 STRUCTURAL ACTIONS 
 

The structural actions consist of two significantly different levels of work and their 
associated costs. The more traditional elements of work would include culvert upgrades, local 
drain system improvements and installation of inlet control structures on those culverts that serve 
wetland where detention is utilized. This work is defined in Section 6.3.2 Culvert Upgrades. The 
anticipated capital costs for these elements of the program are summarized in Table 3. The costs 
presented include allowances for engineering, technical services and contingencies. 
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Table 4 
Projected Costs - Upland Systems 
Project Est. Cost 

Culvert Upgrades with Control $ 567,000 
Control Structures – Existing Culverts $ 97,000 
Culvert Upgrades without Control $ 243,000 

Subtotal Culverts $ 907,000 
 

Cape Neddick Storm Drain System $ 420,000 
Outfall P – York Street System Upgrade $ 150,000 
Barrell Lane System Upgrade $ 280,000 
Route 1 Culvert Enlargement (near Turnpike entrance) $ 75,000 
Control Structure to Enhance Detention* $ 50,000 

Subtotal Upland Work $ 975,000 
 

TOTAL $ 1,882,000 
  
* In lieu of enlarging Route 1 culvert  
NOTE:  Cost estimates include 10% construction contingency and 25% for engineering and technical services. Land 
acquisition costs not included. 

 
 
The work at the beach outfalls is of a very different magnitude compared to the culvert 

upgrades. The outfall systems will require complex construction under very difficult physical 
conditions. Key construction constraints include: 

 
• High ground water will dictate well pointing 
• Construction below sea level will require sheet pile coffer dams and pumping 
• Significant conflicts with existing utilities are to be expected. 
• Construction will be disruptive to the neighborhoods. 

 
Even where the non-structural elements of the work are completed, large peak runoff 

flows will arrive at the areas behind the dunes. The facilities required to concentrate and 
discharge these flows are described in Section 6.3.2. The general magnitude cost estimates of 
these work items are shown in Table 5.  
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Table 5 

Beach Systems Cost Projections 

Location Base Costs Add Pumps Add Terminal 
Structure 

Outfall O     
 Consolidation drains $3,200,000  
 Headworks without pumps $510,000 $4,000,000 
 Outfall pipes $1,350,000  $1,200,000
   
 Subtotal Base Cost $5,350,000  
 Subtotal Base + Pumps $9,350,000 
 Subtotal Base + Pumps + Terminal  $10,550,000
   
Outfall K   
 Consolidation drains $1,980,000  
 Headworks without pumps $810,000 $4,000,000 
 Outfall pipes $1,350,000  $1,200,000
   
 Subtotal Base Cost $4,140,000  
 Subtotal Base + Pumps $8,140,000 
 Subtotal Base + Pumps + Terminal  $9,340,000
  
Outfall I  
 Consolidation drains $1,550,000  
 Headworks without pumps $550,000 $3,000,000 
 Outfall pipes $820,000  $750,000
   
 Subtotal Base Cost $2,920,000  
 Subtotal Base + Pumps $5,920,000 
 Subtotal Base + Pumps + Terminal  $6,670,000
  
Outfall G  
 Consolidation drains $1,900,000  
 Headworks without pumps $810,000 $4,000,000 
 Outfall pipes $1,350,000  $1,200,000
   
 Subtotal Base Cost $4,060,000  
 Subtotal Base + Pumps $8,050,000 
 Subtotal Base + Pumps + Terminal  $9,250,000
  

 Total Program $16,470,000 $31,460,000 $35,760,000
 
NOTES: Costs include 10% construction contingency + 25% engineering & technical services. 
 Costs include allowance for watershed instrumentation.  
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7.3 OPERATION AND MAINTENANCE COSTS 
 
 All stormwater drainage systems require considerable maintenance efforts to keep the 
systems functioning as intended. Currently the Town has only a nominal amount allocated to 
maintenance of its drainage systems. With the culvert and control structure upgrades presented in 
the prior sections, we believe the Town should specifically dedicate $150,000 to $200,000 per 
year for general operation and maintenance of its drainage facilities. 
 
 When the major outfalls at the beach are installed, operation and maintenance 
requirements will increase. This is especially true if pumping at the outfall is installed. As these 
facilities will not be installed immediately, projecting operation and maintenance costs is not 
practical at this time. 
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8. PROGRAM FUNDING 
 
8.1 GENERAL TAXATION 
 
 The total program described in this report will constitute by far the largest capital 
program ever considered by the Town. Financing this work in a manner that is within the 
capacity of the Town is a significant challenge. 
 
 Typically in the State of Maine the majority of local revenues are raised through the 
property tax. The largest proportion of these tax revenues is typically allocated to education. The 
high property taxes in the State are of great public concern, but limited efforts have been made in 
the legislature to control local tax levels. 
  
 While general taxation may support the recommended increase in public works funding 
for maintenance of the existing facilities, and perhaps accomplish a portion of the culvert 
upgrade work, it is very unrealistic to think that general taxation can support the larger program. 
Thus, other funding procedures must be considered. 
 
8.2 CREATION OF A STORMWATER UTILITY 
 

In recent years some Maine communities have considered creation of a stormwater utility 
to help defray the costs associated with stormwater management in designated sections of the 
community. While few such utilities currently exist in Maine, the study area in York would 
appear to be a good example of where such a utility would be beneficial. 

 
The detailed creation of a stormwater utility is beyond the scope of this report. However, 

a working paper prepared by Edwards and Kelcey outlining the key features of a stormwater 
utility is attached to this report as Appendix B. 

 
On a general overview of the defined study area, it may be realistic to raise a few hundred 

thousand dollars per year through such a utility, depending on actual user rates established. 
While revenue raised through a stormwater utility, combined with general taxation, may allow 
completion of the culvert and local area upgrades, it will not raise significant funds to support the 
major work at the beaches. It is estimated that creation of such a utility would require roughly 
$100,000. 

 
8.3 IMPACT FEES 
 

Some communities have established impact fees where all new development must 
contribute to a fund specifically earmarked to a Town need that will be exacerbated by that 
development. It does not appear that creation of an impact fee for stormwater management 
would be beneficial. 

 
The ordinances and regulations suggested in the non-structural action section of this 

report would require that all significant new development in all watersheds must develop and 
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implement its own stormwater management plan that is fully coordinated with the Master 
Stormwater Management Plan. The recommended ordinances would also require that the owner 
establish a firm financing mechanism to operate and maintain their system over the long term. 

 
Thus, unless a fee were to be charged to all properties in the watershed, it does not appear 

reasonable to apply it to only new development. The revenue raising would be better 
accomplished through a stormwater utility. 

 
8.4 TAX INCREMENT FINANCING (TIF) 

 
In communities where large developments are proposed that require an immediate 

upgrade of supporting infrastructure, a Tax Increment Finance District is established where a 
portion of the proposed tax revenues generated by the development are specifically directed 
toward infrastructure upgrades. 

  
While some development will occur within the study watersheds, it does not appear to be 

of the type or scale that would warrant establishment of a Tax Increment Finance District. 
 

8.5 STATE AND FEDERAL GRANTS IN AID 
 
The above discussions essentially cover the local revenue raising procedures allowable 

under Maine Law (local option taxes are not permitted). Thus, the Town must look for external 
assistance to undertake the majority of the program, especially in the beach areas. 

 
State agencies which have grant and/or loan programs that may be of assistance to the 

Town include: 
 

• Flood Mitigation Assistance Project Grants (MEMA) – Maine receives 
approximately $100,000 per year to re-grant as a lump sum implementation 
project. 

• Pre-Disaster Mitigation Program (MEMA) – Maine receives approximately 
$250,000 per year to issue to towns that are part of the National Flood Insurance 
Program. 

• Community Development Block Grants – A maximum of $400,000 per year is 
available to selected communities for infrastructure projects in low/moderate 
income areas only.   

• State Revolving Loan Fund – This program provides low interest loans for 
selected projects on a revolving basis as state funding allows.   

 
Selected Federal agencies may have programs of assistance that may be applicable to the 

Town.  Although these grants are highly competitive nationally, they are listed below: 
  

• Watershed Protection and Flood Prevention (USDA) - USDA offers grants to 
provide technical and financial assistance to improve flood prevention watershed 



P:\938 York Watershed Management\Final Report 6-30-06.doc 

 
8-3 

protection projects in watersheds smaller than 250,000 acres.  The average grant 
award is $650,000.   

 
• North American Wetland Conservation (US Fish and Wildlife) – Project 

implementation grants are available to assist in land acquisition or wetland 
restoration in areas where bird habitat can be preserved.  Cooperation with 
Audubon Society or Wells Reserve would be recommended prior to application 
for this grant. However, funding from $50,000 to $1,000,000 could be requested.   
 

• Cooperating Technical Partners (HUD and NFIP) Funding is available to keep 
flood hazard maps up to date by the community.  Funding amounts have ranged 
from $35,000 to $6,000,000.   

 
Additional information on these grants is contained in Appendix D. 
 
While stormwater conditions in the Town of York would seem to justify some funding 

under normal state and federal aid programs, the availability of funding is limited and demand 
for it is great. The Town should attempt to secure any funds which may be available through 
normal agency channels. It is quite unlikely that the major funding required for resolution of the 
flooding problems at the beaches will be available. 
 
8.6 SPECIAL FEDERAL FUNDING 
 

The cost requirements for mitigating the serious flooding at the beaches in York are well 
beyond the capacity of the Town to support, even with normal levels of governmental aid. To 
accomplish the work in any reasonable timeframe, it would appear that special, specific federal 
funds must be made available. This is usually accomplished by the Congressional delegation 
through the “earmark” procedure where specific projects are attached to legislation. This 
“earmark” process has received significant criticism in recent months when several marginally 
valid projects were funded. However, this is similar to the way Senator Mitchell secured funding 
for the new Brunswick Topsham bridge. Special Demonstration Project Grants are sometimes 
made available also. 

 
Funding through such procedures is obviously a political process that may be complex. 

However, with the severe flooding problems the Town has experienced, it would seem well 
advised to have detailed talks with the Congressional delegation to explore special funding for 
the projects at the beach. 
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9. ENVIRONMENTAL PERMITTING 

 
The overall program has been reviewed to estimate the potential permitting requirement 

that will have to be met prior to any construction. One meeting has been held with the staff of the 
State of Maine Department of Environmental Protection.  

 
Initial discussion with the DEP staff highlighted several factors. 
  

1. The areas along Long Sands beach and Short Sands beach have been 
designated as “dune areas” by the Maine Geological Survey. Agency maps 
follow this page. 

 
2. The DEP generally does not approve of clearing or otherwise enhancing any 

watercourse to increase its flow carrying capacity. Essentially it must be left 
in its natural state. 

 
3. The DEP generally does not encourage creation of detention basins in wetland 

areas. 
 
4. The DEP does not permit seawalls or other construction along beach or dune 

areas. 
 
5. The DEP encourages local government to obtain some type of public control 

over wetlands to assure their long term protection. 
 

During discussion with the DEP staff, it was noted that the parking area on the 
dune system at Short Sands was at elevation of 11 to 12 feet, and due to the orientation to 
the northeast, it was subject to significant wave action that causes seawater to wash over 
the lot and into the streets. It was stated that the installation of seawalls or other barriers 
in such situations would not be permitted. It was noted that if such wash-over continued 
to be a major problem, the state might consider allowing the Town to raise the entire 
parking lot a few feet by placement of added sand. However, unless some form of 
protection was placed on the face of the newly applied sand, its stability would be in 
question. It might be possible to place some type of temporary barrier system in the 
parking lot over the critical winter months. This should be explored further by the Town. 

 
The fact that all areas adjacent to the beaches are designated as dune (even though 

much of it is already built upon) will require permitting of any outfall system that will 
cross the designated dunes. As the outfalls will extend seawalls below mean tide level, it 
will probably be necessary to secure permits from the Army Corp of Engineers. 
Installation of the trunk drains and some of the outfall structures will encroach into areas 
formally designated as wetlands. These facilities will require wetland permits from the 
state, although the disturbed areas will be minimal. While permitting will be required in 
several areas, there are really no options that would avoid all impacts. It would appear 
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that the benefits of flood control would outweigh potential environmental impacts and 
permitting would be possible. 

 
It is noted that many of the wetland areas behind road culverts serve as de facto 

detention areas and have done so for many years. In these areas it is assumed that use of 
this beneficial detention can continue without additional permitting. Without such 
continued use, the flow at the beach would be much higher than now exists. 

 
In some locations, enhancement of temporary storage in wetland areas would 

appear practical and beneficial. The actual rise in water level above that which currently 
exists would be minimal. This would require installation of formal outlet controls at key 
locations. Such installations, if allowed by the DEP, would require permitting. 
Considering wetland areas west of the Turnpike would be typical of this condition. 

  
Typical of all major construction projects it will be necessary to obtain permits 

from multiple state and federal agencies. However, it would appear that permits can be 
obtained to implement the programs described here in without major problems. The cost 
of permitting is included in the general magnitude cost estimate presented herein.



P:\938 York Watershed Management\Final Report 6-30-06.doc 

10-1 

 

10. SCHEDULING 
 

Some elements of the program can be reasonably scheduled at this time while other 
elements are dependent on special funding, the timing of which cannot be determined at this 
time. 

 
It is important that the Town accomplish as much of the nonstructural elements of the 

program as soon as possible. Accomplishing this work will not greatly lessen flood flow, but it 
will prevent conditions from deteriorating further. 

 
The following is a suggested tentative schedule for implementing the early phases of the 

program. 
 

Tentative Implementation Schedule 
 Activity Begin Est. Completion 

Wetland Preservation   
 Wetland delineation & survey 2006 2007 
 Land ownership definition 2006 2006 
 Establish limits of conservation area 2007 2007 
 Prepare necessary legal documents 2007 2008 
 Secure final conservation easements 2008 2009 
Stream Right-of-Way Acquisition   
 Define watercourses to have right-of-way 2006 2006 
 Land ownership definition 2006 2006 
 Establish right-of-way widths & boundaries 2007 2007 
 Prepare necessary legal documents 2007 2008 
 Secure rights-of-way 2008 2009 
Local area drainage upgrades   
 Cape Neddick – Airport Road 2007 2009 
 York Street culverts 2007 2009 
 Barrell Lane upgrade 2007 2009 
 Route 1 culvert enlargement 2007 2009 
 Detention control structure Route 1 area 2007 2009 
Culvert Upgrades/control structures   
 Culvert upgrades with control structures 2007 2009 
 Culvert upgrades without control structures 2007 2009 
Create a stormwater utility 2006 2008 
 
 
 
 Major work at the beaches to be scheduled upon establishment of funding. 
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Appendix A 
 

Figures 2 through 15 
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Appendix B 
 

Discussion Paper – Stormwater Utility 
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Appendix C 
 

Existing Culvert Inventory 
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Appendix D 
 

Summary of Grant-In-Aid Programs 
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