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The Utilization Of Geographic Information Systems In Nuclear Emergency Response In 
Pennsylvania 

James F. Barnhart  

Abstract-- Nuclear emergency response to potential and real nuclear power plant emergencies 
has been one of the major responsibilities of the Pennsylvania Department of Environmental 
Protection, Bureau of Radiation Protection (PA DEP BRP).  Geographic Information Systems 
(GIS) is being utilized for spatial information flow during the nuclear emergency response drills 
for the nine nuclear power reactors (five sites) in the Commonwealth.  

The PA DEP BRP nuclear emergency response staff in conjunction with the Pennsylvania State 
University’s Environmental Resource Research Institute (ERRI) has developed a tailored GIS 
application on ESRI ArcView 9.0 and 3.2 GIS software. This particular software application 
provides the following three major functions.  It creates on the fly custom maps that spatially 
show several data layers pertinent to the nuclear power plants.  It quickly imports and spatially 
displays radioactive plume projections and data from the Nuclear Regulatory Commission’s 
Radiological Assessment System for Consequence Analysis (RASCAL 3.0.4) software.  It also 
creates and displays a spatial database of field team data. 

This paper describes this work in progress to date and plans to integrate these capabilities into 
our nuclear emergency response plans and procedures. 

INTRODUCTION 

The custom design of the aforementioned software package is termed the Risk Project.  It was 
designed to fulfill better data management of four operational functions of the nuclear 
emergency response section of PA DEP-BRP during a nuclear emergency drill or event.  These 
operations are geographical locating and placement of field teams, collecting field team data, 
radioactive plume tracking, and post emergency phase accident analysis.  The Risk Project 
custom design can be categorized into two GIS software components.  They are the macro 
programming and feature and image data.  Customized macro programs allow operational 
simplification of the software.  All macro programming within Arcview 3.2 is done in the 
software’s programming language called Avenue.  All macro programming within ArcView 9.0 
is done in VBNet.  The feature and images can be combined to form several visual geographical 
presentations of data.  In addition, feature and raster data can be spatially and data queried to 
provide a powerful data analysis tool.  The Pennsylvania State University’s Environmental 
Resource Research Institute programmed all the macros and produced custom features and 
images in the Risk Project. 
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METHODOLOGY 

 
All feature and image data in the Risk Project are in the Pennsylvania Albers Equal Area Conical 
Projection.  The central meridian is –78 degrees longitude.  The reference latitude and upper and 
lower standard parallels are 39, 40, and 42 degrees latitude.  The datum is North American 1983.  
This projection and datum were chosen to be compatible with other feature and image data used 
throughout the PA DEP.  The Pennsylvania Albers Equal Area Conical Projection provides one 
uniform projection over the entire Commonwealth.   
 
All vector features are saved as ArcView shape files, this allows the same set of data to be used 
in ArcView 3.2 and ArcView 9.0.  The most important vector layers are road, highway, 
municipality, county, and stream layers.  A vector point feature of predetermined reference sites 
within each Pennsylvania’s nuclear power plant’s 10 mile Emergency Planning Zone (EPZ) was 
also added.  A label add and delete macro button was added to the tool bar to bypass the normal 
more laborious labeling procedure in ArcView 3.2, however this macro was unnecessary in 
ArcView 9.0. 
 
Two image data base layers are used in the Risk Project.  They are the 7.5 minute Digital Raster 
Graphics (DRG) and a Digital Orthophoto Quarter Quadrangle (DOQQ) from the United States 
Geological Survey (USGS).  Several macros are written to improve the loading and unloading of 
the various image and vector files.  This process is made easy by using a USGS 7.5-minute 
quadrangle map grid polygon feature.  When a tool menu button is toggled on for the DRG, it 
will load the DRG when the pointer is clicked inside the space of the loaded DRG boundary grid. 
Another button unloads the DRG using the same procedure. DOQQ’s are similarly loaded and 
unloaded.   
 
A field team location and data transfer input form and edit form was also added.  A macro button 
initializes it.  This form has all pertinent emergency phase field team data input fields and a 
latitude and longitude input field.  The field team can use a GPS unit to determine its latitude and 
longitude.  This information and pertinent field data can be relayed verbally via a cell phone, 
satellite phone, or the Commonwealth’s radio system.  After the Risk Project operator’s data 
entry is complete, a macro button on the form may be used to create an ArcView shape file. The 
macro also adds the vector point layer to the active map window.   
 
Presently, the PA DEP-BRP’s personnel use the Nuclear Regulatory Commission’s RASCAL for 
plume modeling in the nuclear emergency drills. The RASCAL 3.0.4 version generates a GIS 
formatted radioactive plume data set.  The file exported from RASCAL is comma-delimited text 
file that has a latitude and longitude field and one attribute field. The coordinates are in a US 
Contiguous (USGS) Albers Equal Area Conical Projection.  This text file is imported into the 
Risk Project via a button macro.  The macro imports and projects the coordinates to the Risk 
Project’s projection and datum and creates a shape file for ArcView and displays the plume in 
the active map window.  The end result of this plume import macro is the same in ArcView 3.2 
and ArcView 9.0.  The attribute field data depends on the combination of one of the fourteen 
result types selected in RASCAL and the selected plume size.   The Total Effective Dose 
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Equivalent (TEDE) and Thyroid Dose Commitment are the result types most commonly 
exported from RASCAL into the Risk Project.    
 
Ancillary data image themes added to improve emergency phase and post emergency phase 
analysis and operations are a statewide National Uranium Resource Evaluation (NURE) 
elemental uranium data image and a statewide land use grid theme. The NURE image was from 
a scanned paper map, which was georeferenced by an affine transformation model.   
 

DISCUSSION 
 
The combination of usage of base layer DRG and DOQQ image themes enhance the location 
aspect of the field teams by displaying several visual verification landmark features such as 
churches, schools, baseball fields, shopping centers, and industrial facilities that may not exist on 
a vector feature.  There are two limitations of the image themes. One is that, unlike vector 
feature, each is good for a certain range in map scale depending on its resolution. The second is 
that considerable computer processing power and storage space is consumed for a statewide 
collection of these very large graphic files.  This is normally not a problem with today’s servers 
and desktop computers, however one of the requirements in PA DEP BRP’s emergency 
procedures is to run all of this on a stand-alone laptop.  

RASCAL presently has a plume directional discrepancy in its GIS export module.  This is due to 
the directional difference between polar north (desired direction) and magnetic north (RASCAL 
output direction). This rotation correction is a temporary fix that is integrated into the 
aforementioned plume import macro in ArcView 3.2 and ArcView 9.0. (See Figure 1) 

The plume modeling overlay imported from RASCAL enhances the field team deployment by 
allowing the field team manager greater ability to visualize the plume’s width and value as it 
relates to geography, topology, and accessibility by roads.  One of the primary functions of the 
PA DEP-BRP field team(s) is to measure the edge of a radioactive plume.  This added visual 
ability facilitates better positioning of these teams.  The field team manager can determine, by 
the labeled point values of the radioactive plume, the area where the dose from the plume is 
acceptable to send field team(s) to transverse and find the potential plume (See Figure 2).  In 
ArcView 9.0, the Geostatistical Analyst feature allows the GIS operator to represent the point 
plume feature as isopleths.  This aids greatly in visualization and presentation of the plume. (See 
Figure 3) 

The field team data input form and its macro allow rapid spatial tracking of the vital and quickly 
changing data and preserves it in a spreadsheet importable format for later analysis.  Field 
measurements show a ten to twenty foot accuracy of the GPS unit compared to the location point 
measured in the DOQQ.  In the near future, the PA DEP-BRP’s nuclear power station emergency 
plan will include this method of field team placement and data transfer. 

The Risk Project shape and image files were used extensively for the Susquehanna Steam 
Electric Station near Berwick Pennsylvania post plume or ingestion phase drill in August 2004.  
Since the allowed time frame to produce a GIS presentation is much longer in this phase of the 
accident analyst, macros were unnecessary to speed up the functionality of ArcView.  After an 
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accident of a nuclear power plant, the PA DEP BRP would request assistance from the U.S. 
Department of Energy to do a flyover of the affected area to determine the plume deposition.   A 
fixed wing flyover would be done first to generally locate the plume deposition.  For this drill, 
generating a sine wave in a spreadsheet and adjusting the coordinates simulated the fixed wing 
flight path. (See Figure 4) 

Attribute data for the fixed wing flight path was obtained by intersecting the point shape file with 
the polygon shape file of the scenario’s given plume (See Figure 5).  One of the skills to 
demonstrate in the post plume exercise is to assess the radiation dose from ingesting crops, 
livestock, or livestock products in the path of the plume deposition.  This is mainly the duty of 
the Pennsylvania Department of Agriculture with technical assistance from PA DEP BRP.  
Ideally it is best to use the most current crop data.  However, this data is difficult to obtain.  The 
best set of data available was a Pennsylvania land use grid theme (see Figure 6).  This grid layer 
displays hay, row crops, and possible row crops.  Although quantification of the radioactive 
material deposition impact on crops was not demonstrated in this drill, it could have easily been 
estimated using the Spatial Analyst module in ArcView 9.0.  

 The NURE image layer was added to the Risk Project to explain natural radiation background 
anomalies. These anomalies could be a confounding issue arising from non-isotopic 
discriminating instrumentation after a nuclear accident.  Several radiation background variances 
exist near or within Pennsylvania’s nuclear power plant 10 mile EPZ’s.  The Reading Prong, a 
geological formation responsible for many of Pennsylvania’s radon “hotspots” lies partially 
within the Limerick Generating Station’s 10 mile EPZ.  This NURE layer, by itself, adds a 
qualitative assessment of a potential elevated background.  Other USGS radiometric layers such 
as elemental thorium and gamma count could be added in the future to better quantify this 
background assessment by the Risk Project (See Figure 7). 

The Risk Project’s vector and image themes were used to make ten-mile EPZ map atlases and 
large wall maps for the five nuclear power plant sites in Pennsylvania.  The atlases were printed 
on 13 by 19 inch paper and the wall maps on 36-inch plotter paper.  The atlases have two DOQQ 
areas per a page. In the DOQQ areas that were highly urbanized, PA DEP BRP purchased map 
images from Franklin Maps in King of Prussia, PA.  These images (the same size and placement 
as a DOQQ) displayed better cartographic features for urban areas such as shopping centers, 
business parks, and municipal parks.  This detailed urban polygon data was not available at PA 
DEP BRP.   

CONCLUSION 

The PA DEP-BRP’s Risk Project is proving to increase the clarity and efficiency of radiological 
spatial information flow in several nuclear power plant emergency response exercises.  The 
feature and image data in the Risk Project proved extremely valuable in the nuclear power plant 
emergency response ingestion phase analysis.  The in house production of the five nuclear 
plant’s ten mile EPZ atlases saved the Commonwealth about 150,000 dollars and since the 
images are all digital and easily printable it also allows for frequent map updates.  The Risk 
Project feature and image data could be adapted to fulfill other radiation related governmental 
operations.  Radon “hotspot” identification could be done with similar GIS layers and 
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techniques.  As with most computer dependent projects, rapid improvements in computer 
software and hardware should improve present capabilities of this project. 
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FIGURES 

 

 

Fig. 1. Directional discrepancy of a RASCAL generated 10-mile plume point vector layer over 
image base layers consisting of a SPOT satellite image (for Three Mile Island).  Correction 
angles are listed for all five of Pennsylvania’s nuclear power plant sites. 
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Fig. 2.  Drill scenario for TMI showing a close up of the RASCAL generated two mile TEDE 
plume point vector layer with values overlaid on a DOQQ using ArcView 3.2.  A Risk Project 
button macro tiers the TEDE value to above and below acceptable levels of dose and also 
imports the RASCAL file name for the layer’s label.   
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  Fig. 3.  Scenario for Three Mile Island, using some of the1979 accident conditions, modeled in 
RASCAL. The RASCAL generated ten-mile TEDE plume is overlaid on a SPOT Image using 
ArcView 9.0.  Geostatistical Analyst modeling in ArcView 9.0 was used to transform the plume 
point feature to isopleths. 
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Fig. 4.  This is a fixed wing flyover simulation for the ingestion phase drill for the Susquehanna 
Steam Electric Station (inside the red circle) near Berwick, PA (lower left).  The flight path was 
simulated by generating a sine wave in a spreadsheet and adjusting the coordinates. The 3D 
background was made with SPOT satellite image and combined Digital Elevation Model data 
using ArcScene.   
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Fig. 5.  This is a close up of the fixed wing flyover simulation for the Susquehanna Steam 
Electric Station (inside the red circle) ingestion phase drill shown in Figure 4.  The flight path 
shape file was intersected with the plume deposition polygon shape file to generate attribute data 
for the simulated fixed wing flight path.  
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Fig. 6.  The Pennsylvania land use grid layer combined with the Susquehanna Steam Electric 
Station ingestion phase drill plume deposition, municipal, restricted zone boundary, and county 
vector layers.  Possible agriculture activity is shown in yellow and orange colors. 
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Fig. 7.  The NURE image layer combined with the Susquehanna Steam Electric Station post 
plume phase drill plume deposition, municipal, and county vector layers.  The warmer the color 
is (yellow, red, and dark red), the higher the elemental Uranium and possible background 
radiation. 
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