


Barbara McMillan

Hydrology and Water 
Quality Considerations in 

NH Lakes Region

Presenter
Presentation Notes
In this section we’re going to take at how different landscapes impact water quality. We’ll also discuss stormwater, what it is, where it comes from, the impact that it has on surface waters.



Watershed

Presenter
Presentation Notes
We will start with a little backgound for understanding different sources of water pollution that we are going to be talking about.  Some of you may already be familiar with the watershed concept. 

Essentially a watershed is like a funnel.
High points in the landscape act as the top of the funnel or what we call the “Watershed Boundary.”  
Any rain or snow that falls and melts within the high points, drains to the same body of water and are part of that watershed.
Any rain or snow that falls outside those highpoints or boundaries, end up in a different watershed.  In our case, maybe the North Mill Pond Watershed.  



Watershed
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In this section we’re going to take at how different landscapes impact water quality. We’ll also discuss stormwater, what it is, where it comes from, the impact that it has on surface waters.



Watershed
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In this section we’re going to take at how different landscapes impact water quality. We’ll also discuss stormwater, what it is, where it comes from, the impact that it has on surface waters.



The Water Cycle
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You’re all probably familiar with the water cycle as well. It starts when rain falls or snow melts. That water flows into nearby surface waters and also soaks into the ground to replenish groundwater. Surface water evaporates, plants update groundwater and transpire water into the atmosphere. The water condenses into clouds, then it rains or snows again. It’s a perfect little natural cycle. But when we change the landscape and introduce impervious surfaces, like houses, buildings, roads, and parking lots, we create stormwater runoff.

When we change the natural landscape, we change the water cycle and create stormwater.



Undeveloped Area

10% 
runs off

50% 
soaks in
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In a natural, undeveloped area, like a forest or a meadow, stormwater isn’t really a problem.
Only about 10% of precipitation runs off
About 50% soaks into the ground
The rest is intercepted or taken up by plants or evapotranspired (evaporation from soil and surface plus transpiration – the transfer of water vapor from stomata in leaves into atmosphere)



Highly Developed Area

55% runs 
off

15% 
soaks 

in
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Stormwater becomes a problem when we develop the landscape and introduce hard surfaces (or impervious surfaces) like roads, driveways, parking lots, sidewalks and rooftops because these surfaces prevent water from soaking into the ground. 
In these more urban areas, water behaves nearly the opposite as it does in the forest with around half of the precipitation running off and only a small amount is able to find green spaces and soils to soak in.


As a result of these changes to the landscape we see:
Increased runoff volume and velocity
Increased frequency of flooding
Peak flows are many times greater than normal response to storm events
Loss of natural runoff storage capacity in vegetation, wetlands and soil
Reduced groundwater recharge
Decreased stream base flow




stormwater runoff
Water from rain or melting snow 
that doesn’t soak into the 
ground.

Credit: Think Blue Maine

“rain water”
“runoff”
“stormwater”
C:\barb\RainGarden.mp4
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Stormwater is water from rain or melting snow that doesn’t soak into the ground. I am going to show you a two minute video that is sort of a crash course on stormwater.  You are also a bit of a tester to see what you think of this.  



Stormwater runoff 
causes or contributes to over 

of the water pollution problems in NH.

Why does it matter?

90%?%
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So why does it matter?
How much do you think stormwater contributes to water pollution in NH?   Do you remember how much was mentioned in the video? 
Make a fist and hold it out straight.  That being 50% and straight up is 100 % or straight down is 0. What do you think? 
If we take a look at the big picture of how clean and healthy our lakes and streams are in New Hampshire, if we look at the data, we see that stormwater management or the lack of it has an enormous impact on water quality. 
Stormwater runoff causes or contributes to over 90% of New Hampshire’s problems with polluted surface waters.
How many people here like to fish? How many people like to boat, kayak, paddleboard, canoe? How many people enjoy swimming in the lake or at the ocean?
Some of these waters are not healthy enough to support fish or the oranisms (bugs and larvea) they eat.  And some of these waters are not healthy enough to swim in without the risk of getting sick. 



Why does it matter?

Aquatic Life Use

Primary Contact Recreation
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So why does it matter?
How many people here like to fish? How many people like to boat, kayak, paddleboard, canoe? How many people enjoy swimming in the lake or at the ocean?

If we take a look at the big picture of how clean and healthy our lakes and streams are in New Hampshire, if we look at the data, we see that stormwater management or the lack thereof has an enormous impact on water quality. 

The red and pink areas on the map identify lakes, streams, and coastal waters in New Hampshire that are not healthy enough to support Aquatic Life Use or Primary Contact Recreation. 

Not supporting “Aquatic Life Use” means that they are not healthy enough to support the fish populations that should be there – and “Primary Contact Recreation” means that they are not clean enough for us to swim in without the risk of getting sick.

Stormwater runoff causes or contributes to over 90% of these water quality impairments.



Two Runoff Issues

2. TOO MUCH 
WATER

1. CARRIES   
POLLUTION
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Stormwater runoff can cause 2 big issues:
 
The first is that water can carry pollution. We saw this in the video.  Anything on the ground can get swept up and carried away with stormwater.  It could be pet waste, excess fertilizer, exposed soil, trash, gas or motor oil on the roads – it all ends up mixing with the stormwater and flows or gets piped right into the nearest water body.  

The other big problem with stormwater that wasn’t covered in the video - is Too Much Water – more than our natural systems and even our manmade systems (like those stormdrains and pipes) are designed to handle. Too much stormwater can erode stream channels and cause flooding and other problems. 

.



1. Carries Pollution

Presenter
Presentation Notes
Whether stormwater runoff flows over the ground and directly into a surface water or it goes into a catch basin and is piped into a surface water, 
the result is the same…
any possible pollutant on the ground is swept up in the stormwater and carried – UNTREATED – into nearby surface waters.




Sediment
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Typically, when we’re talking about stormwater runoff, the common pollutants that we’re concerned with are sediment, nutrients (particularly phosphorus and nitrogen), bacteria, and other trash and debris.

Sediment from eroding soils can smother fish habitat. 
It makes the water look murky and brown, and 
whatever is bound to the sediment, often nutrients, gets carried with it.
 



Nutrients
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Sediment is one source of nutrients 
Fertilizer that we apply to our lawns and may run off during storm events is another
In our coastal waters, nitrogen is the limiting nutrient. 
In freshwater systems, phosphorus is the nutrient that we are most concerned with.
Excess nutrients cause plants and algae to grow in the water just the same as it works on the land. 
Plants can become a nuisance for boating and swimming, but more importantly, when those plants die, they decompose and use up a lot of oxygen that is in the water, leaving less oxygen for the fish and other water-dwelling wildlife.  
Have you ever seen a fish-kill? Large numbers of fish dead and floating. Can be caused by too many nutrients leading to extremely low oxygen levels.



Pathogens
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Bacteria comes from pet waste, failing septic systems, wildlife. 
When stormwater runoff carries bacteria into the water, it makes it unsafe for us to drink, fish, swim, and play
We see beach closures both on the coast and in freshwater, and 
It also causes unhealthy habitats for wildlife



Toxic Contaminants

Presenter
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Toxic contaminants are those from lawn chemicals, pesticides, herbicides, automobile fluids, and other household chemicals. Often, products used to kill unwanted weeds and pests are broad specturm and are also harmful to aquatic animals as well as other wildlife and humans. 

Oil sheen photo: http://commons.wikimedia.org/wiki/File:Oil_sheen_on_pond.jpg
Caution sign: http://www.nsf.gov/mobile/news/news_images.jsp?cntn_id=130552&org=NSF
Sheen on parking lot: http://www.nola.com/news/gulf-oil-spill/index.ssf/2011/08/bp_investigating_new_oil_sheen.html 





Chlorides 
(Road Deicing Agents)

Water 
Softener, 2%
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State 

Roads, 
9%

Municipal 
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Roads, 3%

Parking Lots, 
50%

Salt 
Piles, 
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Sources of chloride in 
Policy Brook, Salem
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Chlorides from road deicing agents are becoming an increasing problem. Chlorides increase the salinity of our lakes and streams. This stresses the fish and other animals that depend on freshwater habitats and make the water more susceptible to invasive species. Freshwater plants die off and salt-tolareant plants take over. Chloride can also contaminate drinking water supplies and private wells.

We’ve been studying chlorides in the I-93 corridor and have found that privately maintained parking lots are the largest source of chloride. This breakdown of sources is from Policy Brook in Salem. Unlike other stormwater pollutants, there is no real treatment for chloride pollution except for source control. This is a good place to put a plug in for the Green Snow Pro certification program for people who do winter maintenance. There is a flyer in your packet with more information on that program if you’re interested.



Liability Protection

Walking on snow and ice is 
inherently dangerous
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Salt applicators, and those who hire them, are not liable for damages due to hazards, EVEN WITH ACTUAL NOTICE THEREOF, when such hazards are caused solely by snow or ice…”
The liability language was modeled after similar language passed decades ago to protect New Hampshire’s ski industry.  That law was predicated on the fact that skiing is an inherently dangerous activity, so if your head collides with a tree while skiing, it is not the ski area operator’s fault, absent gross negligence.

Similarly, walking and driving on snow or ice is an inherently dangerous activity.  Under NH law, municipal and state salt applicators are already provided with liability protection; this law extends that same protection to private salt applicators.



2. Effects of Too Much Water
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When we have more hard surfaces that create more runoff combined with the more frequent and intense storm events, there are numerous troublesome effects. Examples include:
Local flooding. This is Newmarket this past October.
Erosion; gully formation
This one changes the way I look at streams now.  When too much water rushes to our natural systems too quickly, there is an occurrence known as flashiness, and bank scour may occur. This has a domino effect on the system.The trees at the top of the bank are being undercut. When those trees fall into the water, we lose the shade on the stream. When we lose the shade, the temperature of the water increases. When the temperature of the water increases, the water isn’t able to hold as much oxygen. When the water doesn’t have enough oxygen, the fish and the other animals who live there get stressed out as their habitat degrades. 
As a bonus, where do you think that dirt or sediment goes?  The displaced debris and sediment will be deposited somewhere downstream degrading habitat in both places. 
And one other impact that is difficult to see is the reduced groundwater recharge, especially in times of drought. When all of this rain runs off of hard surfaces and into our surface waters, it doesn’t soak into the ground. This can cause problems for individuals and communities that use groundwater as a source of drinking water.
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Urban/highly developed
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is reduced
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This is a hydrograph. It shows a couple of different things. The curve of the line shows the rate of runoff over time. You can think of it as a stream. When the line is low, the stream is running slowly. As it gets higher, the stream is running more quickly. The area under the stream is the volume of water. So as the rate of runoff increases, the volume of runoff also increases.

In a natural stream with very little development, after a rain storm, there is a slight, gradual increase in the speed and volume of water and is slowly returns to normal.

In a developed area, after a storm, there is a big increase in the amount of water reaching our stream and the water reaches the stream much faster. It also takes longer to return to normal flows. When people talk about “flashy” streams, this is what they’re talking about.

And finally, we have installed a lot of stormwater ponds or detention basins that control the peak flows. So the water doesn’t reach the streams as quickly. Instead it is detained and slowly released to our stream. While this reduces the “flashiness”, there is still a greater volume of water created.



Effects of Too Much Water
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These are some of the impacts of too much runoff.

The photo shows a “flashy” stream bank. (think back to the hydograph Jillian presented) This quick moving water has eroded the stream bank. 
But it isn’t only the sediment eroding into the water that causes a problem. 
You can see the trees at the top of the bank are being undercut. When those trees fall into the water, we lose the shade on the stream. This sets off a domino effect.: When we lose the shade, the temperature of the water increases. When the temperature of the water increases, the water isn’t able to hold as much oxygen. When the water doesn’t have enough oxygen, the fish and the other animals who live there get stressed out. 

Photo on the bottom right. When we have more hard surfaces that create more runoff and combine that with the more frequent and intense storm events, all of a sudden our bridges and culverts become undersized. This undermines the road and causes a lot of damage.

Flooding is an obvious effect. 

And one other impact that is difficult to see is the reduced groundwater recharge. When all of this rain runs off of hard surfaces and into our surface waters, it doesn’t soak into the ground. This can cause problems for individuals and communities that use groundwater as a source of drinking water.





Impacts to Water
Undeveloped forest
6% slope to lake
Sandy loam soil
Pit and mound topography

Adapted from Jeff Schloss, UNH CE and Wisconsin Dept. of Natural Resources and the Wisconsin Lakes Partnership 
using the Simple Method and the Residential Loading Models. Photo source: www.landvest.com. 

Runoff volume: 3,000 ft3

TSS: 12 pounds
Phosphorus: 0.03 pounds
Nitrogen: 0.4 pounds

Maintained lawn
6% slope to lake
Home 3,350ft2

Paved drive 770ft2

POST - Development
Runoff volume: 28,000 ft3 (9X)
TSS:  55 pounds (5X)
Phosphorus: 0.5 pounds (16X)
Nitrogen: 2.9 pounds (7X)

PRE-Development
Runoff volume: 3,000 ft3

TSS: 12 pounds
Phosphorus: 0.03 pounds
Nitrogen: 0.4 pounds

Presenter
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As you can imagine, this change in the water cycle or hydrology of a site also impacts the lake or stream that receives the runoff. This is an example of how a change in the landscape impacts water quality.
The most important take away here is the increase in the volume of runoff and the amount of pollutants running off of the property. In this scenario, after development, the lake receives 9 times the volume of water, 5 times the sediment, 16 times the phosphorus, and 7 times the nitrogen.

One house lot isn’t that big of a problem on a big lake, but…

http://www.landvest.com/


NH Lakes



 Stormwater Runoff
Overall Water Quality

Population Growth & Shoreland Development

Air-Borne Pollution (acid deposition, mercury)

 Threats and Impairments from Invasive Species

Some Top Concerns
About Our Lakes
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In this section we’re going to take at how different landscapes impact water quality. We’ll also discuss stormwater, what it is, where it comes from, the impact that it has on surface waters.
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Low nutrients
Few plants/low algae
Good clarity
High oxygen
Healthy coldwater fish (salmon/trout) 
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Mid-range nutrients
Increased plant growth/periphyton
Moderate clarity
Good oxygen
Mix of fish species
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High/excessively high nutrients
Abundant plant growth/algal blooms
Shallower basin
Low clarity
Bottom oxygen deficiency
Warmwater fish




nutrients
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If we take care of our lakes, they go through a natural eutrophication or lake aging which take centuries and results from natural sources of nutrients and sediments.  
But the exellerated lake aging or “cultural eutrophication” caused by human related urban runoff, (sewage, industrial waste, fertilizers, pesticides, and excess sediments) occurs over decades.



From Winnipesaukee Gateway

Phosphorus in NH Lakes

shoreline erosion
street runoff
Lawn clippings
Fertilizer
wastewater

resuspension and release 
from sediments
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Phosphorus ("P") is a naturally occurring element and a major nutrient required for biological productivity. It is found in all living plants and animals, including people.
Human impact on the environment can cause increased levels of P from several sources including runoff and fertilizer use. Development and land use change, including the creation of impervious cover (parking lots and roads) can limit natural ground filtration and cause an increase of P in freshwater.
Cyanobacteria bloom
Undesirable shifts in relative abundance of aquatic species
�



PHOSPHORUS

The Impact of Phosphorus
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Presenter
Presentation Notes

Increased chlorophyll a levels (algae growth)
Decreased water clarity and increased turbidity levels or total suspended solids
Decreased oxygen concentrations

Accelerated lake eutrophication




Algae

• Impacts water clarity
• Too many nutrients can increases in algae 
. . .  and possibly Cyanobacteria!

Presenter
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Can be a result of too many nutrients.
Algae are the base of the aquatic food web
The amount of algae in the pond has a large impact on water clarity
Too many nutrients can lead to increases in algae 
. . .  and possibly Cyanobacteria



Another Big Problem…

Invasive Aquatic Species
• Impair designated uses of 

waterbodies
• Can cause declines in shorefront 

property values



HIGH RISK!

HIGH RISK!



What can we do to
protect NH Lakes? 

Presenter
Presentation Notes
In this section we’re going to take at how different landscapes impact water quality. We’ll also discuss stormwater, what it is, where it comes from, the impact that it has on surface waters.



Questions or Comments?

Have questions? 
Want to get involved?

Barbara McMillan, NHDES Watershed 
Assistance Section

barbara.mcmillan@des.nh.gov    603-271-7889





Phosphorus in NH Lakes

Watershed P Loads to Webster Lake

Watershed

Direct Rainfall

Atmospheric

Septic Systems
Source Mass 

(kg)
% of 
Total

Watershed 539.0 0.74

Direct Rainfall 68.1 0.09

Atmospheric 20.4 0.03

Septic Systems 103.0 0.14

Total 730.5

Watershed P Loads (VHB, 2006)

Presenter
Presentation Notes
In this section we’re going to take at how different landscapes impact water quality. We’ll also discuss stormwater, what it is, where it comes from, the impact that it has on surface waters.
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		Watershed

		Direct Rainfall

		Atmospheric

		Septic Systems



Mass (kg)

Watershed P Loads to Webster Lake

539

68.1

20.4

103



DH, 1980 and DES, 1990

		Source		Mass (kg)		% of Total				Source		Mass (kg)		% of Total

		Watershed		458.7		0.74				Watershed		458.7		0.65

		Direct Rainfall		68.1		0.11				Direct Rainfall		68.1		0.10

		Atmospheric		20.4		0.03				Atmospheric		20.4		0.03

		Septic Systems		71.3		0.12				Septic Systems		71.3		0.10

		Total		618.5						Internal		84.4		0.12

										Total		702.9
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Sheet3

		Source		Mass (kg)		% of Total				Source		Mass (kg)		% of Total

		Watershed		539.0		0.74				Watershed		539.0		0.66

		Direct Rainfall		68.1		0.09				Direct Rainfall		68.1		0.08

		Atmospheric		20.4		0.03				Atmospheric		20.4		0.03

		Septic Systems		103.0		0.14				Septic Systems		103.0		0.13

		Total		730.5						Internal		84.4		0.10

										Total		814.9



achapman:
used 1990 value

achapman:
used 1990 value
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• Increases in nutrients (P)

• Increases in algae (chl-a)

• Decreases in lake clarity (SD)

• Decreases in property values!

Nutrients : Algae : Clarity
Relationships



Activities and Factors in the 
Watershed that Can Affect 

Water Quality

 Herbicide Application
 Sediment Disruption
 Farming/Animals
 Gasoline Spills
 Urban Development
 Commercial Development
 Improperly Constructed 

Beaches

 Construction
 Road Runoff
 Shoreline Erosion
 Forestry Activities
 Fertilizing
 Washing Cars
 Septic System 

Failure/leaking



Nitrogen in Great Bay

Non-Point 
Sources, 

68%

Wastewater 
Treatment
Facilities

32%

Atmospheric 
Deposition, 

42%

Animal 
Waste, 14%

Human 
Waste, 29%

Chemical 
Fertilizer, 15%

CHEMICAL FERTILIZER BREAKDOWN:

• 70% from lawns (10.5% of total NPS load)
• 22% from agriculture 
• 8% from recreational fields, including golf courses

Data source: GBNNPSS, DES 2014

Total Nitrogen 
Load

NPS Nitrogen 
Load

Presenter
Presentation Notes
Stormwater carries 34% of the NPS load to the Bay.



What can we do to protect 
Great Bay?

Photo: ©Jerry & Marcy Monkman



What is Internal P Loading?
• Sediments consist of solid particles separated by 

liquid-filled interstitial spaces containing pore 
water.

• The sediment-water interface is the barrier to 
free interchange of phosphorus between 
sediments and lake water.

• If the interface is anoxic phosphate ions can 
pass between the sediments and lake water.

• If the interface is oxygenated, phosphate ions 
are precipitated and do not pass freely to lake 
water. 



Revised Watershed P Loads
Watershed P Loads to Webster Lake

Watershed

Direct Rainfall

Atmospheric

Septic Systems

Internal Source Mass 
(kg)

% of 
Total

Watershed 539.0 0.66

Direct Rainfall 68.1 0.08

Atmospheric 20.4 0.03

Septic Systems 103.0 0.13

Internal 84.4 0.10

Total 814.9
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		Atmospheric
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		Internal



Mass (kg)

Watershed P Loads to Webster Lake

539

68.1

20.4

103

84.4



DH, 1980 and DES, 1990

		Source		Mass (kg)		% of Total				Source		Mass (kg)		% of Total

		Watershed		458.7		0.74				Watershed		458.7		0.65								674

		Direct Rainfall		68.1		0.11				Direct Rainfall		68.1		0.10

		Atmospheric		20.4		0.03				Atmospheric		20.4		0.03

		Septic Systems		71.3		0.12				Septic Systems		71.3		0.10

		Total		618.5						Internal		84.4		0.12

										Total		702.9
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Watershed P Loads to Webster Lake
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Averages

		Source		Mass (kg)		% of Total				Source		Mass (kg)		% of Total

		Watershed		539.0		0.74				Watershed		539.0		0.66

		Direct Rainfall		68.1		0.09				Direct Rainfall		68.1		0.08

		Atmospheric		20.4		0.03				Atmospheric		20.4		0.03

		Septic Systems		103.0		0.14				Septic Systems		103.0		0.13

		Total		730.5						Internal		84.4		0.10

										Total		814.9



achapman:
used 1990 value

achapman:
used 1990 value



Averages

		



Mass (kg)

Watershed P Loads to Webster Lake



		



Mass (kg)

Watershed P Loads to Webster Lake



		Source		Mass (kg)		% of Total				Source		Mass (kg)		% of Total

		Watershed		498.9		0.74				Watershed		498.9		0.66

		Direct Rainfall		68.1		0.10				Direct Rainfall		68.1		0.09

		Atmospheric		20.4		0.03				Atmospheric		20.4		0.03

		Septic Systems		87.2		0.13				Septic Systems		87.2		0.11

		Total		674.5						Internal		84.4		0.11

										Total		758.9



achapman:
used 1990 value

achapman:
used 1990 value
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NH Lakes that Experience 
Cyanobacteria Blooms

• Greenwood Pond, 
Kingston

• Country Pond, Newton
• French Pond, Henniker
• Monomonac Lake, Rindge
• Harvey Lake, Northwood
• Turtle Pond, Concord
• Baboosic Lake, Amherst
• Webster Lake, Franklin
• Bow Lake, Northwood

• Long Pond, Pelham
• Showell Pond, Sandown
• Phillips Pond, Sandown
• Robinson Pond, Hudson
• York Pond, Berlin
• Pawtuckaway Lake, 

Nottingham
• Harris Pond, Pennichuck 

Water Works, Nashua

Bow Lake, Northwood, 2006



Merrell and Howe 
2008



Merrell and Howe 
2008



Top 10 Big Lakes in NH
Waterbody Name / Town Area (acres)
Winnipesaukee / Wolfeboro 44,585.24

Umbagog / Errol 7,849.82
Squam Lake / Holderness 6,764.36

Winnisquam / Belmont 4,264.20
Newfound Lake / Bristol 4,105.91
Sunapee Lake / Sunapee 4,090.04

Moore Reservoir / Littleton 3,489.91
Ossipee Lake / Ossipee 3,091.83

Lake Wentworth / Wolfeboro 3,071.53
Massabesic Lake / Auburn 2,899.94



Trophic Status of NH 
Lakes

Mesotrophic 
387 lakes

49%

Eutrophic 
176 lakes

22%
Oligotrophic
230 lakes

29%
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387 lakes
49%
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Activities and Factors in the Watershed 
that Can Affect Water Quality

 Herbicide Application
 Sediment Disruption
 Farming/Animals
 Gasoline Spills
 Urban Development
 Commercial 

Development
 Improperly 

Constructed Beaches

 Construction
 Road Runoff
 Shoreline Erosion
 Forestry Activities
 Fertilizing
 Washing Cars
 Septic System 

Failure/leaking
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