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ABSTRACT 

The intent of this study was to investigate the economic impact of 
snow and ice control and to develop a series of models to analyze 
the economics of various facets of winter maintenance. The 
environmental module Is one part of this package. 

The model was developed from information gathered from 
questionnaires Sent to highway, environmental, and research 
personnel who were felt to have some experience in this area. Also 
a literature review and some assumptions based on observations 
about the nature of salt contamination were used. 

Subroutines have been developed.for predicting damage to 
plants, wells and lakes from either road applications of salt or its 
improper storage. 	 - 

The environmental model has the potential to become a valuable 
tool appiicabie In a variety of situations. As the first effort of its 
kind, it is felt to be a substantial first step, while recognizing that 
much work still needs to be done. 

INTRODUCTION 

The original objective was to develop a model that would balance 
the sociol benefits and environmental costs resulting from snow and 
ice control on highways. These benefits and costs were to be 
expressed in monetary terms as they applied directly or indirectly to 
society or the highway department. However, as the study 
progressed, it became opporent that much of the environment does 
not lend itself to dollar estimates, and another approach had to be 
developed. An attempt was made to draw upon other research, 
past experiences of environmental damage, some understanding of 

nature and basic physics to devise a model that would provide the 
user with a practical tool to evaluate the impact of salting on his 
area. The intent of this model is not to serve as a final authority, 
but rather as.o useful tool to identify potential environmental 
problems and provide some documentation as to the probability of 
any taking place. 

The model is the first computerized attempt to grapple with the 
complex subject of salt use and the environment. As such, it 
admittedly does not include all of the fèctors influencing the 
problem. 

This was part of a larger study to investigate the economic impact 
of snow and ice control and to develop a series of models to 
analyze the economics of various facets of winter maintenance. 

MODEL DEVELOPMENT 

The model was developed from information gathered from 
questionnaires sent to highway, environmental and research 
personnel who were felt to have some experience in this area. Also 

literature review and some assumptions based on observations 
about the nature of salt Contamination were used. 	- 

The questionnaires revealed that a large majority of the snowbelt 
states have experienced some environmental damage. (Figure 1). 

However, the damage was considered minor in most cases. The 
majority of the damage reported was from salt applied to the rood, 
but the most serious impacts came from improper storage. The 
questionnaires also seem to verify a relationship discussed in the 
literature concerning the distance of damage from the source of salt 
and the annual tons used (Table 1). The literature provided much of 

the theoretical framework and basis for many of the assumptions. 
Concepts of salt dispersion and accumulation were taken from the 
literature. 

The module, as it is presently set up will only work for sodium 
chloride and it will only take into account environmental damage of 

progressive nature. The model is designed for two sources of 
damage; road application, and storage. (Road application is defined 
as the amount of salt placed on the roadway to facilitate snow 
removal. Storage for this analysis is considered to be those areas 
where large quantities of salt are kept either in buildings or 
expased.) 

These sources of damage ore applied as potential damage to 
wells, plants, and lakes. Subroutines have been developed for 
plants, wells, lakes and potential for lake stratification. Subroutines 
for roadside aesthetics and terrestrial animals were not developed 
because there is very little actual information available, and any 
impacts that were identified would be next to impossible to 
quantify. 

The model is designed to be used by someone who is familiar with 
the area under study, or could gather the information. It would 
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have been possible to include inputs requiring detailed analysis of 
such things as soil composition, rate of flow and capactiy of the 
water table, but it was decided that the addition of more 
sophisticated variables would not have increased the models 
reliability appreciably and would have severely reduced the number 

of people willing to use it. 

ROAD APPLICATION MODULE 

The road application subroutine predicts contamination levels for 
wells and plants. The basic concept being, as salt is placed on the 
roadway, most of it will remain suspended in the snow bank along  

the side of the rood. As the snow bank, melts, the salt suspended in 
it will begin to migrate. The more moisture present, the further the 
salt will be carried,. During this time, the ground is also thawing, 
allowing moisutre (and the salt) to penetrate into the soil. As 
subsequent rainfall and further thawing occur, the dispersed salt 
become further diluted and more molecules are forced deeper into 

the soil until'they reach either the water table or get taken up the 
plant roots. The model accounts for this movement with two 
equations; one for the horizontal movement, the other for 

movement into the soil. 
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The inputs called for in this module are: The type of well or plant 

tolerance*, number of plants or wells in the area, the distance from 

the road, annual tons of salt used per lane mile, length of the road 

segment draining towards the well or plant, the percent of salt 

expected to remain in the area (the suggested value is 25%), winter 

precipitation, annual precipitation and the estimated distance from 

the surface to the water table or major roots. 

The road application subroutine for plants uses the same basic 

principles and equations as the well section, but does vary 

somewhat in the printout. In this section, the tolerance of the plant 
is an input, when the (parts per million) reaching the roots are 

calculated, the computer matches the plant tolerance with the 
predicted uptake and prints the correct response. 

SALT STORAGE MODULE 

Improper salt storage has the potential to cause a number of 
severe problems, and is probably a greater threat to the 

environment than salt applied to the roads. (7) Improper storage is 

also an easier source of contamination to contain. A salt pile that is 

left unconvered will lose 0.25% of its contents for every 2.54 

centimeter (inch) of rain that falls on it. (17) If the salt pile is large, 

with no catch basins, the amount of salt released into the 
environment can be substantial. This can lead to extensive 

vegetation and water table damage, in addition to being a direct0  
financial lass in salt paid for, but not used. 

The salt storage module, while similar to the road application 
module incorporates the above findings, and using some 

udgemental inputs estimates the amount of salt entering the area. 

The inputs used to determine this are: tans of salt contained in the 

pile, type of storage (open, enclosed or improved and the estimated 
effectiveness of the improvement) and months during the year the 

salt pile is present. These inputs, combined with many used in the 

road application module are used in an equation and an estimate of 

chlorides entering the environment is developed. The printout is 
also the some as used in the road application section. 

LAKE CONTAMINATION MODULE 

This module evaluates possible lake contamination in terms of 
lake stratification and the number of years to reach a 

predetermined salt content in the lake. This may be the Public 

Health limits of 250 ppm or whatever is felt appropriate by the 
model users. 

In predicting the number of years for a lake to become 

contaminated, there are a number of variable that have an effect. 

These include: drainoge to the lake, source and amount of salt, 
water flaw in and out of the lake, the size of the lake, and lake 

characteristics including existing salt content, evaporation rates and 
lake bed composition. 

The acceptable contamination level of a lake is dependent upon 

its use. For the purpase of this model, 250 ppm has been used as 

the tolerated value since the standard for drinking water is 250 

ppm. There are, however, other standards for different uses, for 
instance, certain industrial uses require very few chlorides, while 
agricultural water can tolerate much more. It has been assumed 

that the conditions set forward in the initial model will remain 

constant, although it is possible that these condilions may not 

remain Constant over several years. Based on the present state of 
knowledge this assumption must be made. 

A listing of the tolerances of most trees and shrubs can be found 

in the State-of-the-Art Report, Economic Impact of Snow and Ice 
Control. (7) 

LAKE STRATIFICATION MODULE 

The potential for lake stratification is dependent upon the lake 

size, surface area, the amount of salt presently in the lake, and the 

amount of salt reaching the lake. Lake stratification, although not a 
common problem has the potential to have for reaching economic 

consequences. Stratified lakes are a cause for the food chain to be 

broken resulting in death to the fish present. A considerable 

amount of information is required before this section of the model 

can be upgraded and considered complete. 

It has been reported in the literature that as high concentrations 
of salt in solution enter a lake, it tends to flow directly to the 

bottom. As this builds up, it tends to interfer with the mixing of the 

lake in the spring and fall. This leads to anoxic condition in the 

lower lake strata, causing the hypolimnian to slowly lose its supply 
of oxygen, thus a break in the food chain by killing the organisms 
at the bottom of the lake. 

The model format consists of a series of yes/no statements. If the 
answer to each question is yes, the progrm will print that there 
exists a potential for stratification. Any no answer will result in a 

prinaut of low potential for stratification. 

The inputs for this subsection are very subjective due to the 

limited data available. It is hoped that the use will understand these 

limitations and use their best judgement in answering such 

nebulous questions such as, are there any small deep lakes in the 
area? A trip to the field may be necessary, but the user could 

probably consult a detailed map for the required information. 

It is recommended that this area be further investigated. The 

weaknesses in this area are possibly more severe than in any other. 

It should be kept in mind, however, that this is only meant to be a 

possible warning device to aid the decision maker and not a 
decision moker in itself. 

EXAMPLE PROBLEMS 

In using the model, the user may encounter a situation similar to 
the following. Smith, Jones and Thompson are neighbors, living an 

a road that leads to a popular ski area. Since this a quite a rural 
area, the only source of water is from wells. The Engineer, 

responding to a complaint decides to run the model. 

Since this road is the route to a ski area, a lot of salt is used; 

approximately twenty-two tans per year. The road section in the 

area is fairly straight so an equivalent amount of salt will be 

draining toward each well. The amounts of precipitation are also 
equal, as is the depth of the water table. Smith's well is 30.5 meters 

(100 feet) away from the road, while the Thompson's well is 6.1 

meters (20 feet) and the Jone's well is 9.1 meters (30 feet) away 
from the highway. While preparing the inputs, the Engineer 

remembers that the side of the road Thompson and Smith live on is 

almost perfectly flat while the Jones' land is on a bit of a slope. He 

assumes that more salt will be retained an the flat side and 

estimates a salt retention factor of 55% and assigns a 20% 

retention factor for the other side. When the data is run, the 

predicted ppm chlorides reaching the Jones' well is 30, Smith's 41 
and poor old Thompson 208. 

When the ppm's entering the water table are calculated, the 
camputer* selects one of the follwoing responses and prints it Out: 

0-50 The well will probably be safe 

51-100 The potential for damage is probably small 

101-200 A potential damage exists, and monitoring should 
begin 

*These equations can also easily be run by hand. 
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201-350 High potential for contaminotion exists, steps should 
be token to reduce the salt reaching the well 

351-up Well probably is now, or soon will be, contaminated 

In this case, the model would predict that the Smith and Jones 
wells are probably safe, and that the Thompson well has a high 
potential for contamination. At this point the Engineer should 
investigate the situation more thoroughly and possibly begin 

corrective measures. 

The road application subroutine for plants uses the same basic 
principals and equations as the well section, but does vary 
somewhat in the printout. In this section, the tolerance of the plant 
is an input, when the ppm's reaching the roots are calculated, the 
computer matches the plant tolerance. with the predicted uptake 

and prints the correct response. 

In the some area is a temporary stockpile that recently has been 
the subject of some critical editorials in the local paper. The pile is 
in the open, but is on an asphalt pad and is usually covered when it 
is not in use. He estimates the pile to contain an average of 100 
tons during the winter season. Approximately fifty feet away is a 

stand of middle sized blue spruce. 

He works the equation, using precipitation inputs of 12.7 cm (5 
inches) during the winter and an additional 25.4 cm (10 inches) 
during the rest of the year. He estimates the malor uptake level of 
the roots to be at 1.5 meters (5 feet) and applies a retention factor 
of 25%. He comes up with an estimate of 400 ppm's. 

The blue spruce is considered to be very sensitive, and 400 ppm 
chloride are determined to have a moderate potential for damage. 
In facing this situation, he should insist that the loaders always 
cover the pile when loading operations are complete, and possibly 
consider reducing the size of the pile, or even relocating the pile. 

Farther up the road is a lake that supplies much of the cities 
drinking water. A new road has been cut through that goes around 
the rim of the basin the lake is in. Since the lake is a source of 
drinking water, he decides to use the model to determine how 
much salt-will be added to the lake from the road salting. 

The lake contains 25,600 hectares (64,000 acre feet) of water 
(approximately 4.96 km x 4.96 km. [3.1 x 3.1 miles] average depth 
of 3 meters [10 feet]) and has an out flow of 3 cubic meters (100 
cubic feet) of water per second. The lake has a present chloride 

content of 2 parts per million. 

The 16.09 km (10 miles road arourd the lake receives 
approximately (1,500 pounds) of salt per lane kilometer (mile) 
(226.9 kg application rate 3 time) per storm for each of the 10 
storms experienced. Making a total application of 68,000 kg 
(150,000 pound) during the year. Since the lake is in a basin, it is 
estimated that 100% of the salt applied will reach the lake. When 
these figures are run through the model, a predicted additional. .634 

parts per million are estimated to be reaching the lake, a low 
potential for stratification is also predicted. 

IMPLEMENTATION 

There are a number of uses for this model, among them are: 
State inventory using present or proposed application rates to 

to identify any sensitive areas. 
Assistance in doing Environmental Impact assessments. 
Use in public meetings when facing citizens concerned about 
new or existing but controversial construction. 
Examining the potential for environmental damage and related 
costs of salt loss versus construction costs of covering storage. 
Basis for more sophisticated models in this area of study.  

RECOMMENDED FUTURE STUDY 

The environmental model has the potential to become a valuable 
tool applicable in a variety of situations. As the first effort of its 
kind it is felt to be a substantial first step, while recognizing that 
much work still needs to be done. Each module should be 
separately investigated and new modules added. One area of 
particular importance that needs a considerable amount of work is 
the impact of sodium contained in drinking water on people 
suffering from hypertension. This are could prove to contain the 
greatest economic impact and should be investigated. 
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