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Executive summary
The application of road salt (i.e., sodium chloride) introduces anthropogenic chloride to 
environment and has been reported to have negative impacts on both groundwater and surface 
water quality [1 - 5]. Under Pitt WO #014 project “Stormwater Analysis and Water Quality 
Assessment of Urban Areas”, a comprehensive study is conducted to further our 
understanding toward disturbance in stream chloride level due to road salt application 
activity. There are two main objectives for this project: (1) to develop a procedure that can 
be used in determining the flow contributions from different jurisdictions; and (2) to carry 
out stream water sampling and laboratory testing in assessing of highway salt operation’s 
overall impacts during winter storms on stream water quality. The ultimate goal of the study 
is to lay the foundations for a comprehensive study and hydrological modeling of urban 
watersheds at a later date. Details of the modeling procedures are presented in this report 
together with the results from the stream water sampling. Based on the two sets of LiDAR 
data of different resolutions for the study area, this study found that in order to obtain the 
right flow path, a higher-resolution LiDAR dataset together with the proper incorporation of 
curb and bridge features of roadways are essential. Flow path has an important role in 
hydrological modeling of how salt is transmitted to streams. To fulfill the second objective 
of the project stream water samples were taken and their chloride levels were analyzed and 
compared with environmental regulations. Baseline chloride concentration levels in the 
streams were first established during non-winter months. It was found that even without 
roadway salt operation, the baseline stream chloride levels have exceeded criteria continuous 
concentration most of the time, but lay below the criteria maximum concentration. During 
the winter months, the criteria maximum concentration has been exceeded. However, the 
study also found that the chloride concentration level in the stream drops rapidly with time. 
Considering the short-duration nature of the salt impact and the lack of continuous stream 
chloride measurement in current study, it is more than likely that the peak chloride 
concentrations were not captured by our current sampling activities. To resolve this issue, 
some form of continuous stream water quality monitoring, and a coordination between 
sampling and road de-icing activities needs to be established. This study did not measure 
stream flow velocity which also has an impact on how chloride concentration evolves with 
time. Furthermore, weather conditions also affect chloride concentrations in the streams 
especially when streams are frozen. This study did not take samples after frozen streams 
were thawed and thus could not comment on whether or not the salt operation had a delayed 
impact under such a scenario.
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1. Introduction
The objectives of this project are two-fold. Firstly, the project is to develop a modeling 
procedure that can be used in determining the flow contributions from different jurisdictions 
within a watershed. Secondly, the project is to carry out stream water sampling and conduct 
laboratory testing in assessing of highway salt operation’s overall impacts during winter 
storms on stream water quality, and compare the measured results with environmental 
regulations.

This report presents results and findings of the study in three sections as follows:

Section 2 - Data collection and processing: this part covers the collection and preparation of 
basic data for this study, including GIS data for the study areas, surface model data, locations 
of sampling sites, local drainage layouts and relevant meteorological data.

Section 3 – Identification of flow path and drainage contribution areas: this part discusses 
methodologies for identifying flow contributing areas related to PennDOT highway in target 
watersheds. This part also explores how surface models of different resolutions and details 
affect the final result.

Section 4 – Stream water sampling and laboratory testing on water quality impacts caused by 
highway salt operation: this part presents stream water quality monitoring of two selected 
urban sites during 2017 and 2018. Details regarding stream water sampling, laboratory test 
methods, and result analysis are presented.

2. Data Collection and Processing
This section and its attached files constitute the deliverable for Task 1—Data Collection and 
Processing—of the Pitt WO #014 project “Stormwater Analysis and Water Quality 
Assessment of Urban Areas.” Three study areas in the City of Pittsburgh, PA were selected 
for the project with the first site for Task 1 and Task 2, and the second and third sites for Task 
3 only, each with a specific purpose under the project’s scope. This document describes the 
information collected for Task 1 from the first site. The three study areas are:

1. Interstate I-376 west of the Squirrel Hill Tunnel: fate of pollutant wash-off from the 
interstate’s right-of-way area and from adjacent properties.

2. Nine Mile Run watershed: collect water samples at 4 locations from the Nine Mile 
Run creek and analyze the water samples for chloride concentration, hardness and 
sulfate concentration.

3. Pine Creek watershed: collect water samples at 3 locations from the Pine Creek and 
analyze the water samples for chloride concentration, hardness and sulfate 
concentration.
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2.1 Study area 1 – Interstate I-376 west of the Squirrel Hill Tunnel
The Interstate I-376 crosses the City of Pittsburgh. In this study, we look at its span west of 
the Squirrel Hill Tunnel up to the South Oakland Neighborhood. This span is located mostly 
around residential neighborhoods and is adjacent to the south limit of Schenley Park, as 
shown in Figure 2.1. The figure also shows the delineation of the study area which roughly 
corresponds to the historic hydrographic watershed that existed in the area prior to 
urbanization. The west most swath of the delineated area (past the canyon of the historic run 
that drained the Panther Hollow watershed into the Monongahela River), shown on the left 
of the dotted orange line, did not belong in the same watershed. The right-of-way of the 
interstate, the highway itself and areas adjacent to it with the support infrastructure (including 
on-ramps, shoulders, bridges, protection slopes, etc.) are also shown in Figure 2.1.

Figure 2.1. A map of the proposed study area for the Interstate I-376.

To achieve the project goals, the first step is to collect and process land-surface and 
meteorological information of the area. In the following sub-sections, collected data from 
seven main categories are presented.

2.1.1 Precipitation
The meteorological information for the study area was obtained from the following sources:

1. Next Generation Weather Radar (NEXRAD) data from
http://web.3riverswetweather.org/trp:Main.calib_html;trp:

2. Rain Gauge Precipitation (#11) data from
http://web.3riverswetweather.org/trp:Main.hist_html;trp:

3. Additional meteorological data from weather underground stations (KPAPITTS208 
(Squirrel Hill SE), KPAPITTS234 (Greenfield), KPAPITTS218 (Squirrel Hill -
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W3SLL)) from https://www.wunderground.com/personal-weather-station/,. the 
National Weather Service Daily Climate data in Pittsburgh (weather station near the 
Pittsburgh International Airport) from
http://forecast.weather.gov/product.php?site=NWS&issuedby=PIT&product=CF6& 
format=CI&version=1&glossary=0.

The data from different Weather Underground weather stations were averaged in the study 
area. Data from the three sources were combined to obtain more accurate precipitation 
estimates. The values were averaged when no large difference was registered, and outliers 
were ignored. National Weather Service Daily Climate data in Pittsburgh was also considered 
as a reference. All precipitation data of the study area so processed since November 2016 are 
included in the “ClimateData.xlsx” Excel workbook. Figure 2.2 shows the precipitation, 
minimum daily temperature, and maximum daily temperature of the study area for this period 
of time. The locations of the rain gauges are shown in Figure 2.3.

Figure 2.2. Weather information (precipitation and daily temperature variation) for the 
study area since November, 2016.
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Figure 2.3. Locations of the rain gauges used for the estimation of precipitation for the 
study area.

2.1.2 Allegheny County LiDAR
Light Detection and Ranging or Light Imaging, Detection, and Ranging (LiDAR) point cloud 
data from the Allegheny County describing the land surface. The spatial resolution of the 
point cloud is of around two points per square meter. Lidar Digital Surface Model (DSM) 
data was obtained from https://lta.cr.usgs.gov/lidar_digitalelevation. The data was 
downloaded in LAS file format, which is a public format for the interchange of LiDAR data 
between vendors and customers. A plot of the data is shown in Figure 2.4.

Figure 2.4. Lidar Digital Surface Model (DSM) data for the study area.
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Another LiDAR-based data product (Digital Elevation Model, DEM) was also obtained from 
http://www.pamap.dcnr.state.pa.us/pamap/data_source.aspx. This data (shown in Figure 2.5) 
has a resolution of 3.2 ft (1-meter equivalent) and it is uniformly-spaced and gridded—with 
a raster GeoTIFF format. Each pixel in the DEM has an interpolated elevation value.

Figure 2.5. Lidar Digital Elevation Model (DEM) data for the study area.

2.1.3 Hydro-corrected digital elevation
Based on the Allegheny county LiDAR information, a post-processed DEM was developed. 
The modifications to the original DEM are aimed at improving the fidelity of the surface 
runoff. More specifically, these modifications are aimed at:

• Eliminating non-surface objects, such as buildings, cars, and trees
• Removing unrealistic sinks—locations with lower elevation that capture flow
• Enforcing flow paths imposed by small structures (like curbs) whose presence was 

lost due to insufficient resolution in the original data
• Ensuring adequate representation of structures like berms

In order to achieve these, a manual procedure in which additional information (such as that 
from the county’s aerial imagery) was used to assess the behavior of the simulated water flow 
paths and then, iteratively, modifying the elevation information in TIN (triangulated irregular 
network) format with the purpose of producing the correct flow path. This process was 
conducted using ESRI’s ArcGIS Desktop 10.X with the Spatial Analytics extension and 
QCoherent’s LP360 Basic software packages. Figure 2.6 shows the most current version of 
the modified DEM in raster format1. Figure 2.7 shows the breaklines in order to make the 
modifications on the TIN elevation data2.

1 GIS layer name: PittHydro_v21 in the attachments.
2 GIS layer name: UrbanHydroBreaklines in the attachments.
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Figure 2.6. Digital Elevation Model (DEM) in raster format from LiDAR and aerial 
imagery data, modified to improve the surface runoff behavior of the simulated 

terrain.

Figure 2.7. Breaklines defined to modify the TIN elevation to produce the corrected 
DEM in Figure 2.6.

The preceding DEM modification process is time-consuming, but provides a more accurate 
representation of the surface. This study has found that the modified version of DEM using 
2-point LiDAR is preferable as it provides better resolution and facilitates the flow path 
determination.
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2.1.4 PennDOT drainage layout
1. I-376 storm water inlets identified are presented in  Methods used in 

identifying those inlet locations include field observation and PennDOT drawings 
(summarized in GIS database field ‘meta_Feature_Confidence’). Combined with 
knowledge on current estimated pipe connections (see and , 
Inlets are classified based on the flow destination of water entering the inlets. This 
map layer is used to analyze where PennDOT water will flow after entering an inlet, 
in order to estimate area affected by water originating on PennDOT property.

 Figure 2.8.

 Figure 2.9  Figure 2.10)

Figure 2.8. PennDOT storm water inlets on I-376. Obtained by overlaying layer 
‘LBs_Identified_Storm_Structure_LBs_v09u’ with ArcGIS topographic basemap.

Displayed by database field = ‘meta_Feature_Confidence’.
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2. I-376 estimated storm water pipe locations identified are shown in  
Information from Pittsburgh Water and Sewer Authority (PWSA), PennDOT 
construction surveys, field observations under bridges, and educated guesses were 
used to determine current pipe connections. Process used to establish each pipe 
segment is summarized in GIS database field ‘meta_Feature_Confidence’. The 
destination of inlet intercepted storm water is summarized in GIS database field 
‘meta_Flow_Destination’, based on the current estimated pipe segment connections 
and the available maps and drawings. This map layer is used to analyze where 
PennDOT water will flow, in order to identify area affected by PennDOT runoff.

 Figure 2.9.

Figure 2.9. Estimated storm water pipe locations on I-376. Obtained by overlaying 
ArcGIS layer ‘LBs_Estimated_Storm_Pipe_Features_LBs_v09u’ with ArcGIS 
topographic basemap. Displayed by database field = ‘meta_Flow_Destination’.
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2.1.5 Storm water and sewer pipe system
1. PWSA database of point features of the drainage system . The source 

of this feature is PWSA. This feature is obtained by merging five different source 
point databases (End_Caps, Inlets, Junctions, Manholes, Outfalls) into a single 
database file and added the field ‘object_type’ to clarify the structure represented by 
each point. Note: ‘Junctions’ are underground pipe connections without a manhole 
structure.

(Figure 2.10)3

3 GIS layer name: PWSA_Source_Drainage_Structure_LBs_v01_point in the attachments.

Figure 2.10. Point features of PWSA’s drainage system. Obtained by overlaying 
ArcGIS layer ‘PWSA_Source_Drainage_Structure_LBs_v01_point in the 

attachments’ with ArcGIS topographic basemap.
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2. PWSA database of drainage pipes . The database field ‘SEWER_USE’ 
is employed to visually classify by color the four primary types of sewer pipes in the 
database: brown = combined sewer pipes, red = combined overflow pipes, green = 
sanitary sewer pipes, blue = dedicated storm water pipes. This layer is used to 
establish pipe connections in the study area.

(Figure 2.11)4

4 GIS layer name: PWSA_Source_Pipe_Features_LBs_v01 in the attachments.

Figure 2.11. PWSA drainage pipes. Obtained by overlaying ArcGIS layer 
‘PWSA_Source_Pipe_Features_LBs_v01’ with ArcGIS topographic basemap.

Displayed by database field = ‘SEWER_USE’.
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3. Outfall structures . Outfall structures are pipe outlet to allow storm 
water combined with sewage to flow into the environment during and/or after higher 
flow events. These structure locations are from the regional sewer network database, 
and are part of the combined sewer network.

(Figure 2.12)5

5 GIS layer name: Outfall_Structure_Locations_LBs_v13_point in the attachments.

Figure 2.12. Outfall structures. Obtained by overlaying ArcGIS layer 
‘Outfall_Structure_Locations_LBs_v13_point’ with ArcGIS topographic basemap.
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2.1.6 Administrative boundaries
1. Municipal boundaries . Obtained from the Allegheny County office. 

The shared boundaries between the municipalities and Pittsburgh neighborhood 
boundaries are synchronized.

(Figure 2.13)6

6 GIS layer name: Municipal_Bounadries_LBs_v14_region in the attachments.

Figure 2.13. Municipal boundaries. Obtained by overlaying ArcGIS layer 
‘Municipal_Bounadries_LBs_v14_region’ with ArcGIS topographic basemap.
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2. Neighborhood boundaries . Obtained from Pittsburgh’s data office. 
This layer is used for identifying areas affected by runoff generated from PennDOT 
properties and areas responsible for generating runoff flowing onto PennDOT 
properties.

(Figure 2.14)7

7 GIS layer name: Pittsburgh_Neighborhoods_LBs_v14_region in the attachments.

Figure 2.14. Neighborhood boundaries. Obtained by overlaying ArcGIS layer 
‘Pittsburgh_Neighborhoods_LBs_v14_region’ with ArcGIS topographic basemap.
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3. Allegheny County parcels . Data obtained from Allegheny County, 
used for identifying areas affected by runoff generated from PennDOT properties and 
areas responsible for generating runoff flowing onto PennDOT properties.

(Figure 2.15)8

Figure 2.15. Allegheny County parcels. Obtained by overlaying ArcGIS layer 
‘Allegheny_County_Parcels_LBs_v33_region’ with ArcGIS topographic basemap.

8 GIS layer name: Allegheny_County_Parcels_LBs_v33_region in the attachments.
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2.1.7 Other data collected
1. Surface cover . This composite surface cover database was generated 

by cleaning up and merging five separate spatial databases: buildings (from 
Allegheny County buildings), paved surfaces (from Allegheny County parking 
edges), road surface (from Allegheny County edge of pavement), vegetation (from 
lidar), water (from Allegheny County hydro layers), and ground surface (in the 
absence of the previous five sources). This data can be used for setting up a drainage 
model using SWMM.

(Figure 2.16)9

9 GIS layer name: Surface_Cover_PennDOT_LBs_v47_region in the attachments.

Figure 2.16. Surface cover. Obtained by overlaying ArcGIS layer 
‘Surface_Cover_PennDOT_LBs_v47_region’ with ArcGIS topographic base map.
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2. Soil type . Obtained from the NRCS database 
. The database field ‘composite hydro drain 

short’ was added to summarize theoretical USDA soil drainage rate classifications. 
This data can be used for setting up a drainage model using SWMM.

(Figure 2.17)10

(https://sdmdataaccess.nrcs.usda.gov)

10 GIS layer name: NRCS_soils_LBs_v07_region in the attachments.

Figure 2.17. Soil type. Obtained by overlaying ArcGIS layer 
‘NRCS_soils_LBs_v07_region’ with ArcGIS topographic basemap.
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