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UNDERSTANDING	AND	PROTECTING	DRINKING	SOURCE	WATER		 	
	Resource	Guide	-	2021	

	

A. The Natural Flow of Water: Surface Waters, Groundwater, and 
Watersheds 

Starting with the fundamentals, scientists divide the water cycle into two components: 
the atmospheric and the terrestrial.1 In its atmospheric form, water vapor rises into the 
sky after evaporating from the surface of the land.2 Evaporation occurs when surface 
waters (rivers, streams, and oceans) are heated and transform from a liquid to a gaseous 
state. Evapotranspiration contributes to atmospheric water when it transpires into the air 
by plant respiration. Sublimation, which is the transformation of solid snow and ice directly 

 
 1. Understanding Earth: What’s Up With Precipitation?, NAT’L AERONAUTICS & SPACE ADMIN.,  
https://pmm.nasa.gov/education/sites/default/files/document_files/NASA%20Understanding% 
20Earth%20-%20Whats%20Up%20With%20Precipitation.pdf (last visited Dec. 27, 2019). 
 2. A Comprehensive Study of the Natural Water Cycle, USGS, https://www.usgs.gov/special-topic/water-science-school/science/a-
comprehensive-study-natural-water-cycle?qt-science_center_objects= 
0#qt-science_center_objects (last visited Dec. 27, 2019). 

This fact sheet explains the water cycle, sources of drinking water, the impact of 
land development on water quality, and the legal powers of federal, state, and 
local governments to protect water from adverse development impacts. It is 
prepared for use in conjunction with training watershed stakeholders to enable 
them to participate effectively in the New York State Department of Environmental 
Conservation’s Drinking Water Source Protection Program (DWSP2).  

The content of this fact sheet includes: 

A. The Natural Flow of Water: Surface Waters, Groundwater, and 
Watersheds 

B. Land Use and Development—Impacts on Water Quality 
C. Regulating Groundwater and Surface Waters; Nonpoint Source 

Pollution 
D. State and Local Jurisdiction: Filling the Gaps 
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into water vapor, also adds moisture to the atmosphere. Groundwater, wetlands, and 
surface water are the water cycle’s terrestrial forms. Once water vapor rises into the 
atmosphere, cooler temperatures cause condensation of water molecules to form clouds. 
Clouds create pockets of air saturated with water. As the evaporation rate slows to less 
than the rate of condensation, droplets can grow into full water droplets. Condensation 
then takes the form of precipitation (rain, snow, sleet, and hail). Once precipitation 
reaches the ground, it takes on its terrestrial form, becoming groundwater, wetlands, and 
surface water. 

 
 (Credit: Howard Perlman, USGS. Public domain.) 

 
Surface waters are visible water bodies, such as lakes, rivers, and streams, as well 

as the water that travels through the upper layers of unsaturated soil, just above the water 
table. Subsurface flow can reenter surface waters or can enter the water table, which is 
the section of porous materials (sand, silt, and clay) that is permanently saturated by 
water.3 Infiltration refers to the precipitation that percolates downward into the soil and 
into the water table and deeper groundwater aquifers. The subsurface flow of 

 
 3. See Groundwater, N.Y. STATE DEP’T OF ENVTL. CONSERVATION, https://www.dec.ny.gov/ 
lands/36064.html (last visited Dec. 27, 2019) (discussing the path that precipitation takes to become groundwater). 
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groundwater moves through the soil, drawn by gravity.4 This is the area from which many 
water utilities, homeowners associations, industries, and farms access water by 
constructing wells.5 Water may continue to flow below the water table and into aquifers, 
which are deep pockets of groundwater below bedrock that may be stored for centuries 
or millennia.   

 
Vegetation plays a major role in the water cycle.6 Terrestrial water can evaporate 

directly from the soil and other porous surfaces or by plant respiration. Plants release 
water vapor from the tiny openings in their leaves. Some groundwater is absorbed by 
plants and trees through their roots. The evapotranspiration of water from the leaves 
creates an upward pressure that enables the tree to draw water from the roots and up 
into branches like a straw, which hydrates the tree and regulates its temperature.7 “A 
single, large tree can capture and filter [over 35,000] gallons of water per year.”8 The 
positive contribution to the water supply of vegetative evapotranspiration is tremendous. 

 
The U.S. Geological Survey explains that “[a] watershed is an area of land that drains 

all the streams and rainfall to a [single] outlet such as the outflow of a reservoir, mouth of 
a bay, or any point along a stream channel.” 9 The waterbodies that make up these 
watersheds supply many of the drinking water sources that we rely on at both a local and 
regional scale. Viewed more broadly, these “local” watersheds are often part of larger 
systems, crossing local jurisdictions. The interconnectivity of all water means that actions 
in one part of a watershed can impact another, creating the possibility of conflicts of 
interest.10 

 
B. Land Use and Development—Impacts on Water Quality 
 
This elementary description of the water cycle should guide the formulation of land 

use strategies and water quality policy by governmental agencies. It makes clear that the 
protection of groundwater and surface waters calls upon municipalities with the authority 
to regulate private development to adopt land use regulations that protect water quality in 
local watersheds. Such regulation should be done in concert with neighboring 
communities, regional bodies, and state and federal agencies that govern and can affect 
the larger, interconnected watersheds. The effect of land use and development on water 
quality is examined below in three categories: the impact on surface waters, 
sedimentation and eutrophication, and environmental impact on soils. 

 
 4. Forces Controlling Water in Rocks, NAT’L GROUNDWATER ASS’N, https://www.ngwa.org/ 
what-is-groundwater/About-groundwater/forces-controlling-water-in-rocks (last visited Dec. 27, 2019). 
 5. Groundwater Wells, USGS WATER SCI. SCH., https://www.usgs.gov/special-topic/water-science-school/science/groundwater-
wells?qt-science_center_objects=0#qt-science_center_objects (last visited Dec. 27, 2019). 
 6. See Evapotranspiration and the Water Cycle, USGS WATER SCI. SCH., https://water.usgs.gov/ 
edu/watercycleevapotranspiration.html (last visited Dec. 27, 2019) (discussing vegetation in the context of transpiration). 
 7. See id. (discussing the functions and process of plant transpiration).  
 8. Land for Clean Water, OPEN SPACE INST., https://www.openspaceinstitute.org/what/land-for-clean-water (last visited Dec. 27, 2019). 
 9. Watersheds and Drainage Basins, USGS WATER SCI. SCH., https://www.usgs.gov/special-topic/water-science-
school/science/watersheds-and-drainage-basins?qt-science_center_objects=0#qt-science_center_objects (last visited Dec. 27, 2019). 
 10. See The Hydrologic Cycle, IDAHO STATE UNIV., https://digitalatlas.cose.isu.edu/hydr/basics/ 
main/wtrcycl.htm (last visited Dec. 27, 2019) (discussing some of the conflicts that can arise due to the interconnectivity of water). 
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1. Surface Water Impacts from Poor Development Practices 

Urban development changes the characteristics of surface waters leading to what 
some water resource managers call the “‘urban stream syndrome’—the complex but 
consistent pattern of degradation of urban streams relative to their undeveloped . . . 
counterparts.”11 Pavement, rooftops, and compacted soils play the most important role in 
the urban stream degradation because these surfaces prevent water from naturally 
percolating into the ground.12 Residential developments and commercial land uses, 
common in urban development, effectively result in the construction of impervious 
surfaces on approximately 44% to 72% of the urban landscape. Stream degradation can 
begin if more than 10% of a watershed is covered with these impervious surfaces. 

 
Impervious surfaces also change runoff patterns, which affect stream hydrology.13 

Urban streams are adversely affected by increased flood-level flows from storm events.14 
More flooding changes the streambed and bank, deepening and eroding each, 
respectively.15 Bank erosion is particularly problematic in that it leads to increased 
sediment loading in the stream.16 Runoff traveling across impervious surfaces collects 
trash, oils, sediments, fertilizers, bacteria, and road treatment products.17 This polluted 
runoff flows directly into streams, unless collected and treated by storm and sanitary 
sewer systems.18 

2. Sediment Pollution and Cultural Eutrophication 

Domestically, sediment pollution is the greatest threat to water quality.19 It occurs 
when soil erodes, that is, when particles become detached from the ground and flow into 
streams.20 Many factors affect soil erosion, including the texture, type, and structure of 
the soil; the vegetative cover; topographical features, particularly slope; climatic factors, 
such as wind, temperature, and rainfall; and the velocity of water runoff. Land 

 
 11. SHIMON C. ANISFELD, WATER RESOURCES 154 (2010) (citation omitted).  
 12. See id. (emphasis omitted) (“Most of the impacts of urbanization stem from the presence of impervious surfaces . . . that cannot absorb 
water, such as a building, road, parking lot, or driveway.”). 
 13. See id. at 157 (explaining how urbanization and impervious surfaces create faster and flashier stormflow which creates rapid runoff of 
precipitation, which in turns leads to “less recharge of the groundwater that sustains baseflow”). 
 14. See id. at 156 (mentioning that urbanization increases flooding, and “[u]rban streams are uniformly ‘flashier’ than their underdeveloped 
counterparts, with a quicker and higher stormflow peak and a more rapid return to baseflow”). 
 15. See id. at 157 (“The increased frequency of high flows in urban watersheds can lead to deepening and/or widening of the stream 
channel, as the high water velocities scour the stream bed and banks.”). 
 16. See id. (adding that mismanaged land clearing in urbanizing watersheds could create unusually high erosion in the watershed that 
deposits sediment).  
 17. See id. (describing how rain flows from urbanization usually “pick up pollutants from the land surface and carry them to the nearest 
stream” and giving a list of examples of pollutants). 
 18. See id. (concluding that urbanization leads to an increase in pollutants and a redirection of water flow, minimizing the chance that 
pollutants will be removed through soil). 
 19. See U.S. ENVTL. PROT. AGENCY, EPA 841-F-05-001, PROTECTING WATER QUALITY FROM AGRICULTURAL RUNOFF (2015) 
[hereinafter U.S. ENVTL. PROT. AGENCY, PRTOTECTING WATER QUALITY], https://www.epa.gov/sites/production/files/2015-
09/documents/ag_runoff_fact_sheet.pdf (defining  
the most prevalent source of agricultural water pollution). 
 20. CONN. DEP’T OF ENVTL. PROT., 2002 CONNECTICUT GUIDELINES FOR SOIL EROSION AND SEDIMENT CONTROL, 2-1 (2002), 
https://www.ct.gov/deep/lib/deep/water_inland/sesc/secs_chapter_1_ 
5.pdf. 
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development practices can influence the amount of sediment runoff because they alter 
the cover, grade, and structure of soils. The EPA estimates that human activities cause 
70% of sediment pollution. Some of the remaining 30% has biological value and should 
not be eliminated. Understanding the negative impacts of high sediment pollution due to 
land development highlights why land use regulations are needed to mitigate erosion and 
increase water quality. Sediment pollution leads to physical, biological, and chemical 
impacts. Physical impacts include making surface waters shallower, impacting 
navigation, storage capacity, and water temperature. Turbid water clogs the filtering 
function of water plants, increasing the cost of providing drinking water. Biological impacts 
include burying organisms and plants, clogging fish gills, and increasing algae growth. 
Chemical impacts include reducing light energy and nutrient transport. 

 
In addition to the concerns with the sediment pollution, nutrients attach to the soil 

particles and wash into the surface waters.21 Sediment particles carry the nutrients, such 
as nitrogen and phosphorus, needed to grow plants. Eutrophication is the process by 
which water becomes overly saturated with these nutrients.22 Cultural eutrophication is 
when human activity increases the rate of this process.23 The result is intense plant 
growth such as algal blooms. When these plants die, decomposer organisms use oxygen 
as they consume dead plant matter. Because excess nutrients enable more plant growth, 
there is more food for the decomposers, which leads to more consumption as more 
oxygen is consumed.24 As the decomposers use up the available dissolved oxygen, the 
larger organisms, such as fish, essentially suffocate. Dead fish provide more food for the 
decomposers. This creates hypoxic waters, or dead zones, which can greatly reduce 
biodiversity. In some cases, the algal blooms can also include dangerous 
cyanobacteria.25 Cyanobacteria, also known as blue-green algae, is harmful to humans 
and can be lethal to some animals, including dogs.26 “[T]he toxins in blue-green algae can 
cause severe neurological symptoms [in canines] that can lead to death within a couple 
of hours.”27 Toxic blooms seem to be on the rise and, without proper management, pose 
a significant health risk.28 

 
 21. J. DAVID ALLAN & MARIA M. CASTILLO, STREAM ECOLOGY 255 (2d ed. 2007). 
 22. S.R. CARPENTER ET AL., NONPOINT POLLUTION OF SURFACE WATERS WITH PHOSPHORUS AND NITROGEN 560 (1998).  
 23. See Criteria Development Guidance for Wetlands Executive Summary, U.S. ENVTL. PROT. AGENCY, https://www.epa.gov/nutrient-
policy-data/criteria-development-guidance-wetlands-executive-summary (last updated Sept. 11, 2018) (defining cultural eutrophication). 
 24. See id. (discussing the connection between increased aquatic plant growth and hypoxia).  
 25. See Lisa W. Foderaro, Beware the Blooms: Toxic Algae Found in Some City Ponds, N.Y. TIMES (July 7, 2017) 
https://www.nytimes.com/2017/07/07/nyregion/beware-the-blooms-toxic-algae-found-in-some-city-ponds.html (reporting on the link between 
algal blooms and the city’s municipal water supply). 
 26. See id. (explaining that certain types of algae can be lethal to dogs).  
 27. See id. (quoting Dr. Vanessa Hammer, who explained how toxins in blue-green algae cause severe neurological symptoms that can be 
fatal).  
 28. See id. (discussing the rise in algal blooms in recent years).  
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3. Environmental Impacts to Soil Structures Due to Construction 

Construction changes a normal soil system resulting in different alkalinity or acidity, 
high compaction, and removal of the soil’s mineral layer.29 Removal of organic layers 
changes the pH of the soil, which creates an unnaturally high or low pH soil depending 
on the construction-induced mixing.30 The movement of large equipment during 
construction compacts the soil, which “crushes soil structure, impeding air, water, and 
root movement.”31 Machinery flattens pore spaces between the soil particles.32 
Compacted soils are, essentially, impervious surfaces that reduce recharge to 
groundwater aquifers.33 Compaction also closes organic pore spaces in soils, which 
builds up root-generated CO2, slowing root respiration and plant growth.34 Grading of soils 
during construction also removes organic layers, leaving only the lower soil horizons, 
which tend to be more clay-like, impervious, and lower in nutrients.35 

C. Regulating Groundwater and Surface Waters; Nonpoint Source Pollution 

Nonpoint source pollution is a significant threat to surface water quality. Much of this 
nonpoint source pollution is caused by land development and land uses. Neither 
groundwater sources nor nonpoint source pollution are regulated effectively by the Clean 
Water Act, which is focused on controlling point sources of surface water pollution. 
Subsurface flow can reenter surface waters or can enter the water table.  The Federal 
Clean Water Act defines a point source as “any discernible, confined and discrete 
conveyance.”36 The Act leaves nonpoint sources undefined, but the term is generally 
understood to include occurances when “rainfall or snowmelt moving over and through 
the ground[,] . . . picks up and carries away natural and human-made pollutants, . . . 
depositing them into lakes, rivers, wetlands, coastal waters and ground waters.”37 This is 
critical because the impacts of land development on water quality are predominately due 
to nonpoint source pollution, which is the largest contributor to water quality degradation. 

 
Congress elected not to focus federal regulation on nonpoint sources “in part because 

[they] were far more numerous and more technologically difficult to regulate.”38 Instead, 
the CWA leaves regulation of these diffuse discharges to the states and their local 

 
 29. See WILLIAM ELMENDORF, UNDERSTANDING TREE PLANTING IN CONSTRUCTION-DAMAGED SOILS 3 (2017), 
https://extension.psu.edu/understanding-tree-planting-in-construction-damaged-soils (explaining that grading from commercial and residential 
construction mixes soils that can change in “fertility, pH, compaction, and drainage from foot to foot”). 
 30. See id. (noting soils that are made by grading from construction can result in unusually high or low pH levels from compaction and 
mixing crushed layers of soil). 
 31. See id. (“Compaction by people or equipment crushes soil structure, impeding air, water, and root movement.”). 
 32. See id. at 6 (explaining soil structure that has been compacted from construction becomes less porous and becomes layered). 
 33. See id. (discussing the impact of compacted soils on water movement). 
 34. See id. (noting that limited pore space due to compaction leads to poor gas levels and a respiration buildup of CO2 in the soil, which 
in turn slows plant growth). 
 35. See id. at 3–4 (detailing how organic soil layers are stripped in the process of construction grading to expose compacted soils such as 
clay, which binds water and nutrients, making them unavailable to plant roots).  
 36. 33 U.S.C. § 1362(14) (2012). 
 37. Polluted Runoff: Nonpoint Source (NPS) Pollution, U.S. ENVTL. PROT. AGENCY (Feb. 13, 2019), https://www.epa.gov/nps; see also 
United States v. Earth Sci., Inc., 599 F.2d 368, 373 (10th Cir. 1979) (examining the legislative history surrounding the term “nonpoint source 
pollution”). 
 38. Id. at 780 (citing S. REP. NO. 92-414, at 39). 
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governments. While the CWA has been successful in addressing point source pollution, 
the problem with nonpoint source pollution has become prominent.39 According to the 
EPA, the states have attested that degraded water quality now primarily stems from 
nonpoint sources. Regulating these sources of water pollution is left to the states and 
their local governments. For this reason, local land use officials need to learn about the  
power that the state and their own local legislatures have to prevent and mitigate water 
pollution from nonpoint sources to protect public health. 

D. State and Local Jurisdiction: Filling the Gaps 

Historically, states have delegated their authority to regulate and mitigate the effects 
of land use to local governments. Along with that power, states give local governments 
the authority to tax land development and the responsibility to use their tax revenues to 
pay for the cost of municipal services.40 Those three powers are intertwined and create a 
statewide system of law that permits and controls land development in the public interest, 
primarily through local lawmaking and administrative procedures. 

 
States give local governments broad and comprehensive control of urban 

development, human settlements, and land use projects. Local governments can adopt 
comprehensive land use plans, zoning laws, subdivision and site plan regulations, and 
other land use laws. These local laws can contain numerous provisions to protect surface 
water and groundwater from land development’s nonpoint sources of pollution. The courts 
in New York State take a broad view of the flexible power to create protections that 
promote the public health, safety, and welfare, which protecting water quality surely does.  

 
In most states, including New York, state legislation does not give state agencies 

authority to comprehensively regulate land development that contributes to groundwater 
contamination and nonpoint source pollution, leaving such regulation to local 
municipalities.41 This legal system prevails in all 50 states; although there are variations, 
the system principally relies on local governments and democratic processes to control 
land uses in order to protect the public health and ecosystems, including watersheds.42 
The delegation of that power explains why state legislatures have not vested their state 
health and environmental protection agencies with land use control so as not to compete 
with or hinder this traditional local jurisdiction. It also demonstrates why the opportunity—
or responsibility—rests with local governments to fill the gaps in federal and state 
authority to regulate water quality. Localities need and receive much assistance from 
state and federal agencies in this gap-filling role, but local power remains the foundation 
of the enterprise. 

 
 39. U.S. ENVTL. PROT. AGENCY, WATERSHED ACAD. WEB, INTRODUCTION TO THE CLEAN WATER ACT 4 [hereinafter U.S. ENVTL. PROT. 
AGENCY, INTRODUCTION TO THE CLEAN WATER ACT], https://cfpub.epa.gov/watertrain/pdf/modules/introtocwa.pdf (last visited Dec. 30, 2019) . 
 40. See generally Erin Adele Scharff, Powerful Cities?: Limits on Municipal Taxing Authority and What to Do About Them, 91 N.Y. 
UNIV. L. REV. 292, 295 (explaining how the powers of a municipality are limited to those granted under state law).  
 41. See N.Y. ENVTL. CONSERV. LAW § 15-1501 (McKinney 2012) (setting forth strict measures as to what the DEC can govern in terms 
of water sources, which do not include land development that has caused groundwater contamination and other types of water pollution). 
 42. See John R. Nolon, In Praise of Parochialism: The Advent of Local Environmental Law, 26 HARV. ENVTL. L. REV. 365, 372–73 (2002) 
(discussing how local land use regulation is a tool for public health and how some localities have begun to regulate land use on a watershed level).  


