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Chloride deicer applied in 
Siskiyou Pass

Effects on surface water 
runoff and in groundwater?

Oregon Department of Transportation - Oregon DOT Siskiyou 
Summit Uploaded by Smallman12q
https://en.wikipedia.org/wiki/Siskiyou_Summit#/media/File:Oreg
on_DOT_Siskiyou_Summit_(2928843767).jpg



Small creeks
Large Highway (Interstate-5)



1. Evaluate background levels of chloride, magnesium, and sodium in 
streamflows for the region.

2. Model how often we expect to exceed water-quality standards.
3. Model the effect of Best-Management Practices (BMPs) on mitigating 

effects of chloride deicers.
4. Collect data to analyze how much of chloride downstream of 

highway is from NaCl and MgCl2.
5. Determine which locally collected data were most useful for 

modeling efforts.
6. Evaluate the expected percentage of deicer chlorides applied to 

roadways that will reach receiving waters.
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Model inputs

Highway site characteristics:
• Drainage area
• Drainage length
• Slope
• Imperviousness
• Basin Development

Upstream basin characteristics:
• Drainage area
• Drainage length
• Slope
• Imperviousness
• Basin Development
• Hydrograph recession parameters

Precipitation :
• Storm event volume statistics
• Storm event duration statistics
• Inter-event timing statistics
• Number of events statistics
• Total annual precipitation statistics

Streamflow statistics:
• Too many to list here
• Examples include mean, 

standard deviation, skewness 
and median of the 
retransformed Log10 
arithmetic statistics for 
nonzero daily-mean 
streamflow values. 

Volumetric runoff statistics:
• Imperviousness or average, 

standard deviation and 
skewness of runoff events for 
highway site.

• Imperviousness or average, 
standard deviation and 
skewness of runoff events for 
upstream basin.

Water-quality statistics:
• Can be random, dependent 

or a transport curve
• For upstream and highway 

runoff (no transport curve 
option for highway)

• Too many to list here



Model inputs

Level 1 analysis:
 National /regional data
 High variance
 Fast and easy
 First-order evaluation

Level 2 analysis:
 Regional/local data
 Data analysis/manipulation
 Medium variance
 No new data collection
 Second-order evaluation
 Most common SELDM 

analysis

Level 3 analysis:
 Local data and/or data 

collected specifically for 
model

 Low variance
 Takes time and funding
 Typically best results



Model precipitation 
inputs example

Level 1 analysis:
• Use of  rain zone average 

precipitation statistics

Level 2 analysis:
• Internet search for 

regional or local 
precipitation gages

• Informed decision on 
which to use or how to 
integrate more than one 
gage into analysis

Level 3 analysis:
• Installation of  one or more 

precipitation gages in basin 
of  interest.

• Calculate statistics based on 
record or combine record 
with other local records.



SELDM input series

Chloride

SELDM 
scenario Location

Highwa
y site

Upstream 
basin 

characteristics 
Precipitation 

statistics 
Streamflow 

statistics 

Volumetric runoff 
coefficient statistics- 

highway 

Volumetric runoff 
coefficient statistics- 

upstream 
Water quality- 

Highway random 
Water quality- 

Upstream random Scenario goal

1 Carter Creek Branch 1 Level-1 Level-1 Level-1 Level-1 Level-1 Level-1 Level-2 Level-2 Evaluate accuracy of planning level simulations

2 Carter Creek Branch 1 Level-1 Level-1 Level-2 Level-2 Level-1 Level-1 Level-2 Level-2 Evaluate accuracy of level 2 analysis

3 Carter Creek Branch 1 Level-3 Level-3 Level-2 Level-2 Level-3 Level-3 Level-2 Level-2 Evaluate value of Level-3 highway information

4 Carter Creek Branch 1 Level-1 Level-1 Level-1 Level-2 Level-1 Level-1 Level-2 Level-2 Evaluate value of regional precipitation data

5 Carter Creek Branch 1 Level-1 Level-1 Level-3 Level-2 Level-1 Level-1 Level-2 Level-2 Evaluate value of local precipitation data

6 Carter Creek Branch 1 Level-1 Level-1 Level-2 Level-1 Level-1 Level-1 Level-2 Level-2 Evaluate value of regional streamflow data

7 Carter Creek Branch 1 Level-1 Level-1 Level-2 Level-3 Level-1 Level-1 Level-2 Level-2 Evaluate value of local streamflow data

8 Carter Creek Branch 1 Level-1 Level-1 Level-2 Level-2 Level-1 Level-1 Level-2 Level-2
Evaluate value of regional stream concentrations of 
Cl

9 Carter Creek Branch 1 Level-1 Level-1 Level-2 Level-2 Level-1 Level-1 Level-2 Level-3 Evaluate value of local stream concentrations of Cl

10 Carter Creek Branch 1 Level-1 Level-1 Level-2 Level-2 Level-1 Level-1 Level-3 Level-2
Evaluate value of local highway runoff 
concentrations of Cl

11 Carter Creek Branch 1 Level-3 Level-3 Level-3 Level-3 Level-3 Level-3 Level-3 Level-3 Best estimate based on all local data available

12 Carter Creek Branch 1 Level-3 Level-3 Level-3 Level-3 Level-3 Level-3 Level-3 Level-3 Evaluate effect of BMP

13 Wall Creek Level-1 Level-1 Level-1 Level-1 Level-1 Level-1 Level-2 Level-2 Evaluate accuracy of planning level simulations

14 Wall Creek Level-3 Level-3 Level-3 Level-3 Level-3 Level-3 Level-3 Level-3 Best estimate based on all local data available

15 Carter Creek Branch 6 Level-3 Level-3 Level-3 Level-3 Level-3 Level-3 Level-3 Level-3 Best estimate based on all local data available

Level 1 Analysis
Level 2 Analysis
Level 3 Analysis



Wall Creek- specific 
conductance

Carter Creek- specific 
conductance, 
streamflow, automated 
sampling

Tributary to Carter 
Creek- specific 
conductance

I-5 catchment- specific 
conductance, highway 
runoff, automated 
sampling

ODOT wareyard- 
precipitation
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“The procedures described in the "Guidelines for 
Deriving Numerical National Water Quality Criteria 
for the Protection of  Aquatic Organisms and Their 
Uses" indicate that, except possibly where a 
locally important species is very sensitive, 
freshwater aquatic organisms and their uses 
should not be affected unacceptably if  the four-day 
average concentration of  dissolved chloride, when 
associated with sodium, does not exceed 230 mg/L 
more than once every three years on the average 
and if  the one-hour average concentration does 
not exceed 860 mg/L more than once every three 
years on the average.” 

From EPA: Ambient Water Criteria for Chloride- 1988
https://www.epa.gov/sites/default/files/2018-08/documents/chloride-aquatic-life-
criteria-1988.pdf



Each circle represents 
a modeled (simulated) 
storm event. 

Y- axis shows the 
parameter we’re 
interested in. In this 
case the 
concentration of  
chloride.

If  there is a horizontal dotted line, 
this represents an EPA standard

X- axis shows fraction 
of  events in which a 
concentration is met 
or exceededVertical dashed line 

shows the exceedance 
probability needed to 
achieve USEPA 
standards. 



Evaluate results for 
different levels of  
analysis.

More local data 
shows less 
exceedance of  
water-quality 
criterion and less 
overall variability in 
results.



More slope means 
a greater amount 
of  variance 
between storm 
events.

Adding regional 
data reduces 
variance which in 
turn reduces 
uncertainty.



Adding regional 
data reduces 
variance which in 
turn reduces 
uncertainty.

Annual loading of  
chloride can be 
aggregated across 
multiple events.



• The Oregon Department of  
Environmental Quality (ODEQ) acute 
water-quality criterion for chloride is 
860 mg/L.

• Depending on how much local data are 
used, model results show an event-
mean concentration (EMC) exceedance 
level of  between <.1 to 2.3%.

• This range is well within expected model 
error of  the EPA criterion exceedance 
rate of  1.1%.

• As more local data are included in 
model simulations, the range of  EMCs is 
reduced.



 Downstream Event-Mean Concentration (EMC)- What type of 
chloride concentrations are we seeing downstream of the 
highway?
 Criterion Maximum Concentration (CMC) Exceedances – How 

frequently are we exceeding water-quality criteria?
 Mean annual concurrent runoff load- How much chloride is 

being added over the course of a year?







https://desertmtncorp.com/melt
down-liquid/



1. The Stochastic Empirical Loading Dilution Model (SELDM) is a 
useful tool for evaluating expected criterion maximum 
concentration (CMC) exceedance rates, downstream event-mean 
concentrations (EMCs), and annual loading of  water-quality 
constituents.

2. Downstream EMCs of  chloride and magnesium rarely 
exceeded CMCs used in this study.  

3. Downstream EMCs for all three water-quality
constituents were substantially larger than upstream EMCs,
indicating that highway runoff  is a dominant driver in
downstream EMCs.  



4. Level-3 analyses tended to produce much less
variability in estimated EMCs than level-1 or level-2 analyses.

5. If  a study allows for local data collection, which data are most 
important to collect depends heavily on the metrics of  interest-
  For downstream EMCs, collection of  upstream 

streamflow as most important.
  For CMC exceedance,  collection of  highway 

runoff  chloride concentrations was most important.
  For annual loading, collecting local precipitation 

data was most important.
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Questions?

https://www.alco-chem.com/blog/tips-for-applying-ice-melt-correctly
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