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Dr. Daniel  Keltingôs presentation to the Second Winter Road Maintenance Conference, 
held at Paul Smithôs College, June 13, 2011 

 

 

First, Iôd like to express my appreciation to both the Adirondack Council and Adirondack Action 
for letting me come and speak to you today.  I actually asked for permission to come here and 
share the results of a study that we have been working on, quite hard on, for the last year or so.  
So, Iôm excited to be here to present that work to you. 

Youôll notice the title of my slide says ñSodium and Chlorideò. While weôre interested in trying to 
understand where the chloride may be coming from itôs important for us to look at both sodium 
and chloride, because thatôs what road salt is, itôs sodium and chloride. 

So our work was focused on both of those elements.  And, as itôs very much a lake-centric 
presentation, weôre focused on looking at sodium and chloride concentrations in lakes and how 
roads effect those concentrations.  And certainly, when we think about environmental sensitivity, 
which is one of the recommendations that came out of the report that we published for 
AdkAction.org last year, itôs not just lakes, but also streams and wetlands.  There are a lot of 
components of the ecosystem that we want to think about, and how we might do things 
differently to manage our roads for a higher quality environment.  But weôre focused just on 
lakes today. 
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Iôd like to acknowledge my co-authors, Corey Laxson and Elizabeth Yerger, who have already 
introduced themselves.  They played a critical role in this work.  We also are planning to submit 
this work to a journal, a peer review journal, for publication. 

Iôd like to first start off by acknowledging a pretty long list of groups.  AdkAction.org was the 
catalyst for the work that Iôm going to present to you, first by contracting with the Watershed 
Institute to write the literature review that was published last year, and while we were doing that 
work we identified an opportunity. That was that we could take advantage of our own 
organization and use our own expertise and own network of monitoring studies to really take a 
good look at the relationships between roads and lakes, and try to take a stab at identifying 
environmental sensitivity.  

 There is a long list of other 
organizations that we also tapped.  
First is Adirondack Lakes Survey 
Corporation.  Maybe you havenôt 
heard of them, but they are an 
organization that exists to monitor 
lakes and also streams.  They are 
based in Ray Brook, New York.  They 
are funded primarily through funds 
through NYSERDA, but also they 
receive money through other sources 
as well.  They monitor lakes and 
streams and what are called low 
impact areas: few to no roads, little 
development.  So, they have a really 
great dataset thatôs publicly available, 
as they are publicly funded for others 

to use to help answer questions.  So, we used their data.   

We also used data from the Adirondack Park Agency (APA).  They have a great spatial dataset.  
And this analysis that I will be presenting is very much a spatial analysis, using what we call 
ñGeographic Information Systems,ò along with water quality data, to do the work.  We obtained 
our spatial data from the Park Agency website ï they had it all out there, you can download it.  
Itôs freely available to use. 

And the remaining organizations on the list, these are groups that the Adirondack Watershed 
Institute (AWI) works with on lake monitoring.  And so, our collective lake monitoring dataset 
from the AWI, combined with the Adirondack Lake Survey Corporation, is represented by all the 

folks on this list. 

Here is what I want to go over.  First I will 
spend just a little bit of time with some 
background and rationale.  Then, Iôm going 
to go through the objectives of some of the 
approaches that we used, and also the 
results.  Iôll present the objectives to you, 
then talk about the approach that we used 
to address the objective, and then present 
the results related to that objective.  I think 
itôs important that everybody understands 
how we did the work that we did, versus me 
just showing you results.  So by seeing 
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everything and us laying everything out for you, you can see exactly how we arrived at what we 
arrived at. 

Then I want to go through and do just a quick example of an application of our results with 
respect to road sensitivity and then Iôll conclude. 

I presented some of this information at the meeting which was a year and a month ago, here in 
this room.   

Slide #4  below shows our road network within the Adirondack Park.  And, I have it divided into 
two categories of roads, what I call ñstateò roads and local roads.  We have about 2,830 lane 
miles of state roads.  That would include interstates, state, and US highways within the park.  
And we have about 7,700 lane miles of local roads: county, local and town roads within the 
park.  So, about two-thirds of the lane miles would be local, and one-third would be state roads.  

 

One important distinction between these two different types of roads ï state versus local ï is we 
know that on the state roads (the interstate, US highway and state), road salt is utilized. For the 
local roads, the winter road management practices are variable. Road salt is used on some 
local roads. But some are just plowed, some are plowed and sanded, some are plowed, sanded 
and salted, and some are plowed and salted.  So, the local roads have a variable treatment 
regime, and the state roads are more consistently treated.   

In our lake water network, the Adirondacks, weôre blessed with a lot of surface water ï itôs a 
very valuable resource for the Adirondacks.  It certainly has great ecological value and it has 
extremely important socioeconomic value to our region.  As you know, tourism is a big draw and 



Dan Kelting Presentation, 6-13-11  4 

a lot of tourists want to use our water resources, a lot of people want to live by the water, play in 
the water, camp by the water. 

Roads interact with the surface water to a pretty high degree.  So on slide #5 thereôs the road 
network and the blue areas are the lakes. You can see very close association between the 
roads and the surface water.  The roads are quite often right next to the water, as you know.  

I just did a quick analysis, identifying the 
number of acres of lake within 100 feet 
of state roads and the same within 100 
feet of local roads, and about 56% of 
the surface area of lakes are within 100 
feet of state roads, and 69% of lakes 
are within 100 feet of local roads.  So, 
we have very close proximity ï what I 
call ñinteractionò ï between the roads 
and lakes, and thus a potential for 
pollution coming from the roads.   

I like to make calculations, and here is 
an example with respect to road salt.  
Looking at state roads we have, as I 
said, 2,800 lane miles of state roads 
within the park.  Using the New York 
State average application rate of 22 pounds of road salt per lane mile per year, if you multiply 
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those two numbers together in the park you get about 62,000 tons per year of road salt on state 
roads, per year, in the park.   

Just for fun, I took that number and extrapolated to the area of the Adirondack Park.  The park 
is six million acres, so if you convert from tons to pounds, that would be 20 pounds per acre per 
year of salt right across the entire park.  Of course itôs not done that way.   

So, weôre just using the average.  Of that 20 pounds of road salt, which is sodium chloride, 13 
pounds of that would be chloride.  And, if you think about the average annual deposition rate for 
chloride from the atmosphere, which would, for the Adirondacks, be the main way we get 
chloride into our ecosystem (we donôt have a lot of natural chloride in our geology), that provides 
only one pound per acre per year.  So, weôre getting 14 additional pounds per acre.  Therefore, 
road salt is a big contributor to the total chloride budget within our water system in the 
Adirondacks.  

So that makes us concerned about the quality of our water in our forests. 

With respect to local roads, we canôt do this calculation because we have variable applications 
of road salt.  I donôt know what local roads are salted and which ones are not.    What we do 
know is that we have 62,000 tons of loading of road salt per year on state roads within the 
Adirondack Park, a pretty good sized number. 

Last May, when we met in this room, I presented this slide #7 ï this is from our dataset of lake 
chloride concentrations from 2009.  So, this was 2009 data.  This shows you, the larger the 

yellow circle, the higher the chloride concentration.  And this graphic representation of the 
chloride levels in these categories with a coarse overlay on the roads letôs you see the general 
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relationship between the chloride concentrations and the road network.  And, you can see 
qualitatively that the bigger circles seem to be associated with roads.  But this is a very coarse 
analysis. 

What we have since done is to expand on this with a more detailed analysis where we have 
incorporated data from our research and the Survey Corporation to get a better understanding 
of the road networks and their effect on lake sodium chloride levels. 

Our goal was to provide information that would be useful for understanding how we might 
manage our roads differently to reduce the loadings of sodium and chloride to the roads.  So, 
thatôs basically the ultimate goal of what weôre trying to do, to provide science-based information 
to inform decisions on winter road 
management.  

We had three objectives for our work.  First, we 
wanted to get an understanding of what the 
baseline levels of sodium chloride would be in 
lakes and watersheds without paved roads, a 
baseline against which we could compare the 
levels in watersheds with paved roads.  And 
then we wanted to determine whether or not 
road salt is a likely source of sodium chloride in 
watersheds with paved roads.   

Second, we wanted to determine the effects of 
paved road density (the miles of paved road 
per square mile of watershed), and type of road 
ï state versus local ï for those six different 
levels of type of road, the effects of those roads on sodium and chloride in lakes.   

And thirdly, we wanted to look at the effect of paved road proximity to shorelines, i.e, how far 
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away the road was from the shoreline, and what was that effect on sodium and chloride levels in 
those lakes.  To start to develop information that would be useful for identifying areas of road 
within the watersheds of the park where we might think about doing things differently to reduce 
the sodium and chloride loadings. 

A little bit about our lakes.  I mentioned The Adirondack Survey Corporation already.  They 
have 54 lakes in their dataset.  And, as I mentioned, these lakes are primarily located in 
watersheds that have very little development of few to no roads ï usually nothing on the 
shoreline.  Itôs a dataset  primarily used to study atmospheric depositions.  So, they purposely 
located their lakes in areas as far away from human influences as possible.  Itôs a good 
reference dataset for looking at impacts in lakes without roads.We have 84 lakes in our dataset 
ï those are the green, ugly green, circles on the map in this slide #9.  You can see that our data 
is pretty well distributed across the park.  You can see a lot of those dots are overlying areas 
with roads.  Most of our data, unlike The Adirondack Survey Corporationôs, comes from lakes 
that that are more developed and have roads next to them.  So, when you put the two datasets 
together, you really get a nice broad range of conditions.  You are ready to attack the objectives 
that we set out to look at with our study. 

So, those are the study lakes and we used in our analysis, using the average summer sodium 
and chloride concentration.  Data from May, June, July, August and September, using the 
average of those two datasets for 2010, data from last summer. 

The first thing we had to do with our study was to delineate all the watersheds for these 138 
water bodies.  We needed to do this because we had to identify that drainage network thatôs 
associated with the roads, so we could develop the correlations between the concentrations in 
the water and the road network.  We had to do a lot of whatôs called watershed delineation, and 
the watershed is just the area of land thatôs draining to a common exit point, capturing all of the 
precipitation, moving it down a slope, where some of it is going to be discharged out the bottom. 

And we used a topographic map to delineate a watershed and here is just an example: Lake 
Colby in the Village of Saranac Lake [Slide #10].   
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We do this all in GIS, but manually go around the topographic map and define the watershed.  
You can see this red line is defining the watershed for Lake Colby and also for Little Colby on 
the south side of the trestle.   

Within the red line a lot of the water that lands is moving into Lake Colby.  So, thatôs the 
watershed drainage area for Lake Colby.  So, thatôs what we had to do for all of the watersheds. 

Then we were able to take the road network data from the Adirondack Park Agency which is 
classified by the six different types of roads and we match it up with each of our watersheds.  
Itôs a process called ñclipping.ò  So here is the Lake Colby watershed in green. The red line 

shows the state roads within the 
Lake Colby watershed and the 
black line the local roads. 

We were then able to calculate the 
miles of road within the watershed 
so, for example, Lake Colby had 
three lane miles of state road, six 
lane miles of local, or roughly nine 
lane miles of total paved road 
within its watershed.  Thatôs a 
watershed area of 3.2 square 
miles. So, thatôs the base and we 
have water quality, or chemistry 
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data, that goes along with that.  We did that 138 times, a big undertaking by mostly Liz and 
Corey, and I did some quality control. 

 

We had to delineate all of these watersheds to do the analysis. We ended up with a tremendous 
and representative dataset for the park.  We had the 138 watersheds shown here in green. 
Those are the watersheds associated with the lakes within our study dataset.  That represents 
34% of the surface area of the park - pretty significant.  Itôs 48% of the lake area in the park ï4% 
of local roads, 36% state roads.  

The dataset really captures a large part of the whole population of roads and lakes within the 
park.  Within the dataset 56 of the watersheds do not have paved roads and 82 of the 
watersheds do have paved roads.  Again, itôs a pretty significant dataset.  

So, to our first objective, letôs start looking at some 
results.  So, the first one is to estimate the levels, and 
here, so this is paved roads versus no paved roads. 
So, we have the 56 lakes and watersheds without 
paved roads, youôve got 82 lakes and watersheds with 
paved roads.  So, thatôs the basic dataset that we used 
to get at objective one.   

And so, what Iôm going to show you first are the 
average and the mean concentrations of sodium and 
chloride in these lakes.  In this chart [#14] we have 
sodium on the left and chloride on the right. The blue is 

for no paved roads (56) and the red is paved roads (26) and that equals the 82 lakes.  So for 
lakes and watersheds without paved roads we can see so that the bar is the mean, and thatôs at 
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a 95% confidence level.  So, the 
average sodium concentration is 
about a half a part per million, at 
the 95% confidence interval is in 
a pretty tight range.  Itôs just over 
a half a part per million and just 
under a half a part per million.   

The chloride concentration mean 
just a little bit higher, but still 
under one part per million, with a 
slightly wider confidence interval, 
but still pretty tight. 

So for no paved roads we have 
very low sodium and chloride 
concentrations in the lakes.   

Here is the chart [#15] for paved roads.  You see a very big difference, up to several decimal 
places.  For sodium where about 5½ would be the average sodium concentration, thatôs a good 

tenfold greater value in lakes and 
watersheds with paved roads than for 
lakes without. 

There is a plus or minus 95% 
confidence interval, on the sodium in 
the lakes and watersheds with paved 
roads.  And, you see itôs a little bit wider, 
it has a confidence interval for chloride, 
you know, youôre going to have more 
variation ï different application rates, 
different levels of state and local roads 
in the watershed ï so youôre going to 
have more variation in those numbers, 
versus the natural numbers, or the least 
impacted, rather. 

Chloride, weôre getting upwards of 10, so thatôs quite a bit higher (20 times roughly higher) 
chloride concentration in the lakes and watersheds with paved roads.   

You can see clearly a big difference when we look at paved roads versus no-paved roads ï a 
large increase in concentration.   

But, what is the source?  What is the source of the sodium and chloride in these watersheds 
with paved roads?   

To get at the source, we look at whatôs called the mass ratio of sodium over chloride.  In road 
salt, which is sodium and chloride, the mass ratio is basically the formula weight of sodium over 
the formula weight (on the periodic table) of sodium over chloride.  Sodium weighs about 20 
milligrams, chloride is like 35.4.  So road salt has a mass ratio of 0.65.   

We can compare the mass ratios of the sodium chloride in our water to this as an indicator of 
whether road salt is the source or not.  When we look at no paved roads, we can see the mass 
ratio is quite high.  Itôs much greater than one, 1.86, thatôs the average.  That means that you 
have a lot more sodium than chloride.  That makes sense, we do have sodium in our rock and 
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we donôt have much chloride.  As our rock weathers, weôre going to get sodium delivered to the 
water ï more sodium than chloride, because there is much less chloride.  So, we would expect 
more sodium in the water than chloride under natural conditions.  

If we do the paved roads, we can see the mass ratio is almost identical to that of road salt.   The 
mean is 0.69, versus road salt of 0.65, but hereôs the confidence interval, the little pointed 
indented red thing on this chart.  Here is the confidence bar around the mean and it overlaps the 
ratio for road salt.  So there is no significant 
difference. 

This is telling us that based on the mass ratio the 
source of the higher sodium and chloride levels in 
the lakes and watersheds with paved roads is road 
salt.  So, thatôs pretty clear evidence for that.  
Objective 1, is basically complete. 

For Objective 2 we wanted to determine the effects 
of paved road density and road type on sodium 
chloride and lakes.  What we had to do is calculate 

density.  So, on this chart weôre back 
to Lake Colby again, and to get the 
density we take the lane miles I 
showed you before, and divide by 
the watershed area to get the 
density.  We get just under one mile 
per square mile per state roads, 1.8 
miles per square mile for local roads, 
with the total being 2.7 miles per 
square mile for all roads within the 
watershed.  We then did this 
calculation for all the road types for 
all 82 watersheds with paved roads.  
So, thatôs the dataset for Objective 2. 

Now letôs look first at the relationship between the concentrations of sodium chloride in just the 
total paved road density within the watersheds.  This will be 82 points on the graph for each of 
the sodium and chloride ions.  Weôre not breaking down the data based on the type of road, just 
the total. 

If we look at sodium ï thatôs the green circles On Slide #18 - you donôt see much, not a lot to 
get excited about.  Itôs really not a good enough relationship to start developing management 
recommendations.   

You can see some increase as paved road density increases, but we also see some very low 
levels at high paved road density.  So, you donôt see much here with concentration in total 
paved road density.  And if I were to put a regression line through there, which is what we would 
use to look at the relationship, you get 6% of the total variation, not much.   
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And, same for chloride.  We do, again, we see 
basically the same pattern of numbers, if a little 
bit higher.  Weôre going to have higher chloride 
than sodium, if the source is road salt.  But again, 
not much of a relationship there, and again, only 
about 6% of the variation would be explained if 
you were to fit a line through the data. 

Really nothing helped us out by just looking at 
total roads.  So then, what we did next, instead of 
just looking at the total, was do the analysis 
looking at all the roads by road type.   

We developed whatôs called a regression function where I had all six of the road types, the 
density of each road type, for county, local, town, interstate, state and US routes, looking at 
concentration versus road density.  It is a six dimensional analysis fitting six lines through the 
data and trying to explain the variation, by road type. 

I canôt actually show you a six dimensional analysis on an XY scatter plot, right?  I donôt know 
how to do that.  But what I can show you is how much variation in the data is explained by each 
road type.  So, we can look at the regression, and see how much variation is explained by each 
of the road types.  So sodium first, color coded on Slide #20 for county in light blue, local in the 
gray, and town roads in the dark blue.  And then interstates red, state roads yellow, and US 
Routes in orange.  When we break the data down by road type, unlike just looking at the totals, 
that we are able to explain 85% of the total variation in sodium in the lakes.  Thatôs a lot, thatôs a 
huge amount.   
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But not only that, we can see 
that itôs interstates, state 
routes and US highways that 
account for most of that 
variation.  Most of that 
variation in sodium, 
explained by road density, is 
from state roads.  And itôs 
exactly the same thing for 
chloride.  Again, itôs the state 
roads that are explaining 
most of the variability.   

This kind of makes sense, if 
you think about it.  We know 
that state roads are treated 
consistently.  We know that 
they are all salted.  Local 
roads are treated all different 

kinds of ways.  So, they would probably explain less the variation than state roads, given that 
some are salted and 
some are not ï but 
state roads are only 
salted. 

Bottom line: state 
roads are an important 
source of sodium and 
chloride in our lakes 
and watersheds with 
paved roads.   

In our next step we 
combined these three 
road types, we took 
the road density of 
interstate, plus state, 
plus US highways, 
and treated them as a 
group and just called it 
ñstateò roads, since 
theyôre all treated 
similarly. 

Weôre going to look at the concentrations as a function of paved state road density.  So, this is 
the sum of interstate, state and US highway.  So, when we look at the concentration versus the 
density, and there is an increase in sodium concentration as the density of roads increases, in 
miles per square mile.  This is a simple linear regression, this is a line through the data.  We 
need to look at a couple of things here.  This is what we call the R2 value, thatôs the percent of 
the variations in sodium explained by the density of paved roads.  84% ï thatôs a lot.  And, as 
people who work with a lot of environmental data, usually we donôt see relationships this strong.  
But this is quite strong at 84%, thereôs only 16% left to explain.   
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Here is the, what we call the regression formula. This is the slope, the steepness of the line.  
This would be 5.6 parts per million of sodium per mile, per square mile of road density, thatôs 
how you interpret that.  And, 1.8 is where the line crosses the Y intercept. 

To notice here there is, that at zero state roads, there are still local roads in the watershed.  
And, we can see there is some due to the variable treatment of local roads which arenôt included 
in this analysis. 

On this chart is the chloride with the same amount of variation explained ï 84%.  Thatôs 
interesting, no?  The slope is 10 parts per million per square mile of watershed.  There is the 
intercept at 3.4.  So there is a very strong relationships between these two elements and the 
density of state roads in the watershed. 

Notice the slope for chloride is steeper than the slope for sodium.  Thatôs due to the mass ratio, 
and as we would expect to have a steeper slope for chloride this is just a further indication that 
road salt is what created these relationships. 

OK, so we were able to develop very strong relationship between the density of state roads and 
sodium and chloride concentrations.  Our last objective was to look at the effect of paved road 
proximity to the shoreline and these two elements.  

To do that we had to do some more work with GIS, and basically what we did was define what 
we call are buffer widths, or distances away from the shoreline that are going to capture 
different amounts of road.  For example, on this chart Iôve defined 132 foot buffer around the 
shore of Lake Colby.  This yellow zone is 132 feet, and notice it has captured some section of 
state road within that buffer.  I actually defined eight levels ï and actually, I didnôt use feet I used 


