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INTRODUCTION

Aerial photography collected at the Department of Energy (DOE) Hanford Reservation Site
by the Remote Sensing Laboratory (RSL) in 1996 was processed in March 2007 and used
as an imagery basemap upon which radiation contours were overlaid to produce an aerial
radiological survey report. This report details the production of the imagery basemap and
geodetic accuracies of the rectified aerial photography for selected areas on the Hanford
Reservation. Raw and processed digital imagery and ancillary digital data used to produce
the imagery basemap with an index accompanies this report on an external hard drive.

DATA ACQUISITION

A total of 177 natural color aerial photographs of the Hanford Reservation were acquired
with a calibrated RC-30 frame mapping camera on June 13 and 14, 1996, by the Imagery
Science Department at RSL as part of a DOE proficiency exercise. The photographs were
collected at 16,000 feet above ground level (AGL) resulting in a 9” x 9” contact print scale
of 1:32,000. Flight lines were oriented north-south. Twenty frames were acquired on June
13 above the Umatilla bridge area during cloudy conditions. Most of the imagery of
Hanford Reservation was acquired under clear sky conditions on June 14. Photo mission
flight logs from this acquisition are appended to this report. This imagery collection
proficiency exercise was coordinated with an RSL radiation survey that was also conducted
at Hanford in 1996.

Nine regions of interest (ROI) were selected by officials at the DOE Richland Site Office for
data processing. These areas are shown on Figure 1. The area designations listed on
Figure 1 are for the purposes of this report only and do not refer to any official designations
on the reservation. Aerial photographs encompassing the ROls were identified and
digitized from 9” x 9" contact prints using a 25 micron spot size. This spot size roughly
corresponds to a ground sampling distance of one meter per pixel. Digitized aerial
photographs were then grouped according to the area designations listed in Figure 1.
Table 1 links the original photograph frame number designations to the area number
spatially encompassed by the aerial photograph.




Figure 1. Location Map showing Regions of Interest
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Table 1. Relationship Between Area Designations and Photo Frame Numbers

Regions of Interest 1996 Aerial Photograph Frame Number{(s)

Area 1 47

Area? 110

Area 3 88, 89, 126, 127

Area 4 103

Area b 48, 49

Area 6 112, 113, 114

Area 7 136, 137

Area 8 159

Area 9 160, 161
DATA PROCESSING

Digitized aerial photographs were individually orthorectified using ENvironment for
Visualizing Images (ENVI) image processing software. To make effective use of aerial
photography it is usually necessary to orient the image into its correct geographic space.
Orthorectification minimizes the distortions caused by elevation and platform parameters
which results in the creation of a geodetically correct image map. For single-image
orthorectification, the technique involves two preprocessing steps to build the camera
geometry: interior orientation, which transforms the pixel coordinate system to the camera
coordinate system, and exterior orientation, which determines the position and angular
orientation parameters associated with the image. The final processing step involves
elevation corrections for the surface that was imaged.

Interior orientation parameters were determined by inputting the camera’s calibration values
and mapping the film fiducial mark locations to the appropriate locations in the camera’s
coordinate system. The exterior orientation parameters were determined by mapping
image coordinates of points extracted from the digital aerial photograph to its corresponding
ground control points (GCPs) located on a United States Geological Survey (USGS) Digital
Orthophoto Quarter Quadrangle (DOQQ) map. In addition to tying the image control points
to an x,y geodetic coordinate, in this case a UTM Zone 11 coordinate using a NAD83
datum, the surface elevation of that GCP was also determined from a USGS Digital
Elevation Model (DEM), the z coordinate.

These DOQQ's have a ground spatial resolution of one meter and are rectified to a UTM
Zone 11 projection using a NAD83 datum. USGS DOQQs must conform to National Map
Accuracy Standards which state that the coordinates of 90 percent of well-identifiable points
must be within 10.16 meters of their actual location. It has been our experience that the
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positional accuracies of USGS DOQQs have always exceeded the horizontal accuracy
required by National Map Accuracy Standards.

A 10 meter USGS DEM was available for Hanford from the geology department of the
University of Washington. National Map Accuracy Standards require that level 2 DEM
products possess an average vertical error of less than one-half the contour interval of the
map that they were produced from. The USGS DEM for Hanford has a ground spatial
resolution of 10 meters and they were rectified to a UTM Zone 11 projection using a NAD27
datum. Vertical elevations are referenced to the National Geodetic Vertical Datum of 1929
(NGVD 29).

Between 11 and 19 GCPs were identified for each of the 17 aerial photographs that were
orthorectified. GCPs were located as close as possible to each comer, each edge
midpoint, and the centers of the digitized aerial photographs. Additional points were
located throughout the image on easily identifiable, low-relief objects with high spectral
contrast. The software estimated RMS positional errors for each point. GCPs with high
positional errors were closely scrutinized. If the point was found to be errant, the point was
eliminated. This was especially troublesome for GCPs located on the east side of the
Columbia River north of Richland. It appears that the DEM may not accurately reflect the
topography in those areas. Inclusion of GCPs from that side of the river doubled and
tripled the estimated RMS positional errors; therefore, no GCPs were included from those
areas on images 159, 160, and 161. ENVI estimated RMSxy errors of GCPs used to rectify
the aerial photographs to the DOQQs was around 10 meters for each aerial photograph.
After GCPs were collected and the interior and exterior orientation variables determined,
aerial photographs were orthorectified using a USGS 10 meter DEM as the topographic
model.

Orthorectified images were digitally mosaicked if necessary, to encompass the various
regions of interest. All areas, once composited, were contrast stretched and spatially
filtered with an omni-directional convolution filter to optimize the appearance of the images.
After the images were enhanced, they were output from ENVI as digital GEOTIFF format
files using a UTM Zone 11 projection and a WGS84 spheroid. Rectified images of each
area were then transferred to the RSL Radiation department for use as basemaps.

After the aerial photographs were geodetically rectified, horizontal positional errors of the
orthophotos were estimated using ground control data supplied by the DOE Management
and Operations (M&QO) contractor for DOE Richland, Fluor Daniel Hanford, Inc. (Fluor).
Fluor's GIS Department provided RSL with data it had acquired on the Reservation.
Ground control was in the form of CAD files for roads at Hanford. Vector data initially was
in Washington State Plane South coordinates based on a NAD83 datum. The vector data
was transformed into a UTM Zone 11 projection using a WGS84 spheroid so that they
would have the same geometric properties as the orthophotos. Personnel within the Fluor
GIS department estimated the horizontal positional error of the road vectors to be +/- 1
meter.
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The purpose of determining the horizontal positional errors of the orthophotos was to
qualitatively evaluate the goodness-of-fit of the imagery to independently derived ground
control and was not a rigorous mathematical evaluation of all sources of positional error. To
that end, horizontal positional error was calculated by comparing the UTM Zone 11
coordinate of an image control point on the orthorectified aerial photographs to the UTM
Zone 11 coordinate of the corresponding point on the roads vector file.

Ground control points were extracted from the road vector data at road intersections. UTM
Zone 11 coordinates of the intersections were recorded. Corresponding road intersections
were located on the orthophotos, and their coordinates were recorded using an on-screen
cursor. If any identification ambiguities existed, the intersection was not used. At least 10
road intersections were identified for each orthophoto. Sample results are illustrated in
Tables 2 through 5.

Table 2. Horizontal Positional Error Calculation for Orthophoto Number 47

Orthophoto # UTM Zone11x UTM Zone 11y X Road - Image ¥ Road - Image RMSxy
47 meters meters meters meters meters

road 299410.67 5170295.5 -1 -2 2.2
image 299408.67 5170293.5

road 300871.67 5171197.5 10 3 10.4
image 300881.67 51712005

road 296102.67 5167755.5 0 1 1.0
image 296102.67 5167756.5

road 296620.67 5167737.5 -2 1 22
image 296618.67 5167738.5

road 297046.67 5167125.5 -3 0 3.0
image 297043.67 5167125.5

road 298156.67 5167672.5 -2 0 2.0
image 208154.67 51676725

road 300919.67 5169324.5 -1 3 3.2
image 300918.67 5169327.5

road 301435.67 5168595.5 3 -1 3.2
image 301438.67 5168594.5

road 301920.67 5165184.5 0 2 2.0
image 301920.67 5165186.5

road 302170.67 5170430.5 -1 0 1.0
image 302169.67 5170430.5 Average RMSxy 3.0




Table 3. Horizontal Positional Error Calculation for Orthophoto Number 48

Orthophoto # UTM Zone 11x UTM Zonetly X Road - Image Y Road - image RMSxy
48 meters meters meters meters maeters

road 296092.4 5167201.31 -2 0 2.0
image 296090.4 5167201.31

road 2073344 5166717.31 1 4 41
image 2973354 5166721.31

road 2981334 5167105.31 0 6 6.0
image 298133.4 5167111.31

road 302504.4 5162795.31 1 2 2.2
image 302505.4 5162797.31

road 302447 .4 5161449.31 2 3 3.6
image 302449.4 516145231

road 300067.4 5159470.31 2 7 7.3
image 300069.4 5159477.31

road 299113.4 5159514.31 -3 0 3.0
image 2991104 51589514.31

road 297783.4 5159432.31 2 1 2.2
image 297785.4 51569433.31

road 297775.4 5159229.31 2 2 2.8
image 297777.4 5159231.31

road 295851.4 5160686.31 0 -1 1.0
image 295851 .4 5160685.31 Average RMSxy 34

Table 4. Horizontal Positional Error Calculation for Orthophoto Number 161

Orthophoto # UTM Zone11x UTM Zone 11y X Road - Image Y Road - Image RMSxy
161 meters meters meters meters meters
road 32089725 5135849.45 -1 -5 5.1
image 320971.5 5135844.45
road 321931.5 5135679.45 0 -1 1.0
image 321931.5 5135678.45
road 324546.5 5137287.45 -2 -2 2.8
image 324544.5 5137285.45
road 3248135 5137005.45 -4 1 4.1
image 324809.5 5137006.45
road 325158.5 5136851.45 -4 8 4.0
image 325154.5 5136851.45
road 325422.5 5135591.45 2 0 2.0
image 325424.5 5135591.45
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Table 4. Horizontal Positional Error Calculation for Orthophoto Number 161 (continued)

Orthophoto # UTM Zone11x UTM Zonel1ly X Road - Image Y Road - Image AMSxy
161 meters meters meters meters meters
road 325103.5 5135568.45 -2 5 5.4
image 325101.5 5135573.45
road 321666.5 5132849.45 -7 5 8.6
image 321659.5 5132854.45
road 3211955 5132087.45 0 5 5.0
image 3211855 5132092 .45
road 320878.5 5132771.45 -2 5 5.4
image 320876.5 5132776.45 Average RMSxy 4.3

Table 5. Horizontal Positional Error Calculation for Orthophoto Number 103

Orthophoto # UTM Zone11x UTMZone i1y X Road-Image Y Road ~ Image RMSxy
103 meters meters meters meters meters
road 31469017 5165098.6 0 0 0.0

image 31469017 5165098.6

road 31622717 5163003.6 0 3 3.0
image 31622717 5163006.6

road 31620417 5162188.6 0 2 2.0
image 316204.17 5162190.6

road 316108.17 5160961.6 -3 0 3.0
image 316105.17 5160961.6

road 318195.17 5161310.6 -1 -1 1.4
image 318194.17 5161309.6

road 317960.17 5161039.6 -2 2 28
image 317958.17 5161041.6

road 318771.17 5159844.6 2 1 22
image 31877317 5159845.6

road 318057.17 5159323.6 2 0 2.0
image 318059.17 5158323.6

road 320189.17 5158673.6 1 2 2.2
image 32019017 5159675.6

road 318826.17 5160759.6 1 -1 1.4
image 318827.17 5160758.6 Average RMSxy 2.0

RSL scientists noted that when road vectors were digitally overlaid onto the orthophotos at
full screen resolution, only minor positional errors between the data sets were apparent.
However, spatial discrepancies between the data sets existed at some locations. For
example, the vector traces of the curved road immediately northeast of complex
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100-KE/KW on orthophoto number 47 do not correlate to the location of the road on the
orthophoto. Positional errors of up to 32 meters were observed on this road. It is
interesting to note that adjacent roads in this vicinity show very little spatial discordance
between the data sets. Other examples of spatial disagreements between the vector and
orthophoto infrastructure locations can be seen in other areas on the reservation. |In areas
that exhibit spatial divergence between these data sets, ground survey spot checks should
be performed to determine the correct spatial locations of the infrastructure.

Tables 2 through 5 statistically verify the ocular comparison results between vector and
orthophoto data. Average horizontal positional accuracy values for easily identifiable points
on orthophotos 47, 48, 161, and 103 were 3.0, 3.4, 4.3, and 2.0 meters respectively. These
images would exceed National Map Accuracy standards for map products produced at
1:3,500, 1:4,000, 1:5,080, and 1:2,360 scales respectively. This indicates that the
horizontal positional accuracies of the USGS digital orthoimage quadrangles used for
rectification of the aerial photographs were much more accurate than the National Map
Accuracy standards required them to be.

SUMMARY

Seventeen natural color aerial photographs encompassing nine selected areas on the
Hanford Reservation at 1:32,000 scale were digitized at a spatial resolution of
approximately one meter. These aerial photographs were orthorectified using camera
calibration parameters, USGS DOQQs, and USGS DEMSs. Positional accuracies of the
orthophotos were evaluated using ground control supplied by the M&O Hanford contractor,
Fluor, for DOE Richland. All orthorectified aerial photographs exceed National Map
Accuracy standards for maps at scales smaller than 1:5,080. The orthophotos were used
as a basemap for radiation data collected by RSL in 1996.
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APPENDIX

1996 Photographic Mission Flight Logs
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