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Foreword 
The purpose of the South Fork Rivanna Reservoir Dredging Feasibility Study is to evaluate the feasibility 
of restoring the water supply capacity of the South Fork Rivanna Reservoir (Reservoir) to its original 
contours and water storage volume as practical by removing accumulated sediment.  This study will 
evaluate dredging accumulated sediments both within the area of the available water supply volume 
(Reservoir areas above the water supply intake elevation) as well as areas below the water supply 
intake. This study does not involve dredging beyond the original contours or expanding the Reservoir 
beyond its original configuration.   

HDR Engineering, Inc. (HDR) has been tasked by Rivanna Water & Sewer Authority (RWSA) to evaluate 
the feasibility of dredging the Reservoir through completion of the following scope of services.   

Phase I – Reservoir Characterization 

Task 1: Wetlands Assessment 

Task 2: Bathymetric Survey & Volume Analysis 

Task 3: Pre-Dredge Survey 

Task 4: Sediment Characterization 

Task 5: Reservoir Characterization Public Meeting 

Phase II – Dredging Alternatives Analysis 

Task 6: Dredging Alternatives Evaluation 

Task 7: Dewatering/Processing Alternatives Evaluation 

Task 8: Dredging Analysis Public Meeting 

Phase III – Dredging Feasibility Summary Report 

Task 9: Summary Report 

 

This report documents the activities and results of the Bathymetric Survey & Volume Analysis task. This 

report will summarize the methods and materials used in conducting the bathymetric survey, calculating 

the reservoir volume and estimating the volume of accumulated sediment.
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Summary 
 

Determination of the total storage and total usable storage for the Reservoir requires that the underwater 
shape of the reservoir be determined.  The field investigation used to determine that underwater shape is 
called a bathymetric survey.  The preferred bathymetric survey approach for a body of water the size and 
depth of the Reservoir is to use precision depth sounder and navigation systems aboard a small boat, in 
conjunction with vertical control to determine the elevation of the water surface on which the boat floats.  
The storage volume is then estimated by determining the cross-sectional area of the surveyed transects 
and extrapolating to estimate the volume between the transects. 

HDR conducted a bathymetric survey of the Reservoir between December 14 and 18, 2009, using a dual-
frequency precision depth sounder deployed aboard a small, outboard-powered boat.  The dual-frequency 
sounder uses a high frequency beam to measure from the boat to the top of the sediment layer (e.g., the 
depth of water) and uses a low frequency beam to measure to a hard bottom layer beneath the sediment.  
The resulting bathymetric data was processed in conjunction with other available data and reduced to 
provide maps of the Reservoir showing bottom contours at two-foot intervals.  The depth data was also 
analyzed to provide an overall estimate of the total volume of the Reservoir and the usable volume of the 
Reservoir. 

HDR’s volume estimate based on our 2009 bathymetric survey data shows total existing Reservoir 
volume is 1,389 million gallons (MG) (assuming a dam crest elevation of 382 feet).  The dead storage 
(i.e. storage below the lowest intake elevation of 367 feet) is 401 MG.  Prior bathymetric surveys of the 
Reservoir conducted in 2001 and 2002 evaluated a smaller reservoir area.  If the HDR survey limits are 
adjusted to match the prior areas surveyed, then HDR’s 2009 estimate for total reservoir storage is 1,282 
MG with a dead storage of 400 MG.  Overall, HDR’s volume estimations fit the general trend projected 
by past bathymetric surveys.  Variations in volume estimates are relatively small, and can be attributed to 
differences in survey area, technique, and volume calculation methods. 

Observations in the field using an aluminum range pole to probe the bottom showed that the dual-
frequency sounder was underestimating the sediment thickness.  Therefore a different approach was 
applied to estimate sediment deposition.  Detailed maps of the pre-flood conditions of the South Fork 
Rivanna River were used to estimate cross-sections at several transects along the Reservoir in comparison 
to the 2009 bathymetric survey.  The Average End Area Method was then used to estimate the 
accumulated sediment volume in the Reservoir.   

Restoring the Reservoir to its original total volume of 1,700 MG would require dredging approximately 
1,742,567 cubic yards of sediment.  If only the usable volume (i.e. the volume of water above the intake) 
of the Reservoir is considered, the required dredging volume would be significantly less.  The total 
dredging volume to restore the Reservoir to its original usable volume is estimated to be 918,391 cubic 
yards.  Sediment deposition has reduced the total capacity of the Reservoir by 22%, while the usable 
capacity has been reduced by 17%.   
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1.0 Bathymetric Survey 
 

1.1 SURVEY OVERVIEW 
 

HDR used a precision depth sounder aboard a small boat that navigated along pre-determined track lines 
with a spacing of approximately 65 feet (20 meters) to survey the Reservoir.  In contrast to standard 
bathymetric survey practice, this is a relatively close spacing, providing a high degree of resolution.  For 
comparison, bathymetric surveys of the Reservoir in 2001 and 2002 used transect spacing varying from 
300 feet to 1,200 feet. 

Track lines were oriented approximately perpendicular to the longitudinal axis of the Reservoir.  
Consistent with standard practice, the track line plan included “tie lines” oriented at approximately 90 
degrees to the main track line pattern, to provide quality control of the results.  These “tie lines”, oriented 
approximately along the longitudinal axis of the reservoir (i.e. the centerline of the river) were measured 
to ensure inter-track line data consistency.  Examples of the track and tie lines and the survey extents are 
shown in Figure 1.  A total of 628 track and tie lines were surveyed encompassing approximately 40 
miles of survey lines. 

 

1.2 SURVEY METHODS  

1.2.1 Equipment 
HDR used a bathymetric survey system consisting of an ODOM CV-200 dual frequency (200 kilo-Hertz 
and 24 kilo-Hertz) precision depth sounder, a Trimble Pathfinder Pro XRS DGPS navigation system, and 
Hypack 2009® Hydrographic Survey software system installed on a field-ruggedized notebook computer.  
The accuracy of the ODOM CV-200 sounder is 0.01 m/0.10 ft +/- 0.1% of depth; the Trimble Pathfinder 
Pro XRS DGPS is capable of sub-meter accuracy.  Appendix A contains the specifications for each of the 
three components of the survey system.  The bathymetric survey system was deployed aboard an 18-foot, 
shallow-draft, outboard-powered boat that was launched and retrieved from the reservoir each day.  The 
Global Positioning System (GPS) antenna was positioned vertically above the submerged depth sounder 
transducer to ensure positioning accuracy.  The GPS and Hypack components were set to record 
coordinate data in the Virginia State Plane South Coordinate System (NAD1983, US feet).  The GPS was 
used to improve locational accuracy through use of real-time, differential technology.   

1.2.2 Field Methods 
Following standard bathymetric survey practice and consistent with the depth sounder manufacture’s 
recommendations, a “bar check” was performed each day.  The “bar check” adjusts for density-dependent 
changes in the speed of sound in water and for the draft of the survey boat.  In freshwater, density changes 
are primarily due to temperature changes.   

Using Hypack and a helmsman’s display to show the position of the survey boat and transects, the survey 
boat was navigated along the planed transects and tie-lines.  The boat speed was kept between four and 
eight miles per hour.  This speed ensured that the survey boat maintained a horizontal plane and resulted 
in a data point being recorded approximately every foot or less along each transect.  Figure 2 shows 
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sample boat tracks and planed survey lines.  Generally, the survey boat followed the planned lines.  
However, in some instances the planned lines were obstructed by  downed trees, overhanging limbs or 
shallow areas (water less than 2.0 feet deep).  Where obstructions were encountered on the planned line, 
minor course corrections were made.  

For each data point, the time, state plane coordinates, high frequency depth sounding, and low frequency 
depth sounding was recorded.  The high frequency sounding provides the depth to the first return (e.g. top 
of the sediment layer) and is representative of the bottom of the reservoir.  The low frequency typically 
provides shallow penetration of the soft bottom and yields a depth to the “hard bottom”.  This “hard 
bottom” is typically considered representative of the consolidated surface soils present when the reservoir 
was constructed, and the difference between the first and second “bottoms” are interpreted as sediment 
thickness.   

However, layers of deposited sediments containing sand or clay can limit the penetration of the low 
frequency beam, particularly if the sediments are compacted.  Observations made by HDR using an 
aluminum range pole to probe the bottom, as well as later comparisons to original survey data showed 
that the low frequency sounding was underestimating the sediment thickness.  Data from the low 
frequency sounding was recorded and analyzed, but only provides a measure of the “soft sediment”.  
Ultimately, the estimate of total sediment deposition was made using another technique discussed in a 
subsequent section.   

1.2.3 Data Processing 
The base map was established using shoreline data downloaded from the U.S. Geological Survey (USGS) 
National Hydrography Data (NHD) set for the Reservoir.  The base map was then adjusted based on 
current aerial photographs (2007), HDR’s bathymetric survey data and field observations.  

Processing of the survey data began using Hypack’s Single Beam Editor to review and correct each 
individual transect for errors such as missing or anomalous data.  Figure 3 show a sample echogram 
before and after editing.  Figure 3a shows the raw echogram recorded by Hypack.  High frequency data is 
shown in shades of red while low frequency data is shown in shades of blue.  The recorded depth 
(digitized by the sounder and recorded in Hypack raw data files) is shown as a thin black line.  
Anomalous readings can be seen as vertical spikes in the digitized depth data.  Using the Single Beam 
Editor, these anomalies were removed as shown in Figure 3b. Once all transects were reviewed and 
edited, the data was exported to a database for further processing.   

1.2.4 Data Reduction 
The raw echo-sounding data were imported into a Microsoft Access database in order to facilitate data 
processing.  In total, over 938,000 individual soundings were recorded over the entire survey period, with 
approximately 16 soundings taken every second.  To process the data more effectively, it was necessary 
to reduce the volume of data and therefore the raw soundings were temporally averaged to provide 
average position and depth to the nearest second.   

In order to convert the raw depths recorded by the sounder into elevations, the depth readings at each time 
interval must be subtracted from the corresponding water surface elevation during the same time interval.  
However, because the water surface elevation changed over the course of the survey, it was necessary to 
obtain continuous water surface elevations measurements and use those measurements to derive a time-
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stage relation.  Reservoir water surface elevation (stage) measurements recorded during the survey period 
were provided by RWSA and were used to derive a linear regression between time and stage Figure 4.  
The goodness-of-fit for the linear regression was overall excellent (R2 = 0.99)1, and the change in 
Reservoir level over the course of the entire survey was -0.21 feet.  Once the sounding data were 
converted to elevation, correcting for water surface elevation changes, the data were exported for 
contouring. 

1.2.5 Contouring 
To create contour maps of the reservoir, Golden Software’s Surfer application was used to interpolate the 
irregularly spaced sounding data into a regularly spaced grid surface using the Kriging2 algorithm.  The 
grid-cell size chosen was 32 feet  by 32 feet square as this is approximately half the inter-transect distance 
used in the survey (i.e. the transects were separated by 65 feet (20 m) and thus 2 grid cells will be present 
between each transect).  A 260 feet search radius was used in the Kriging parameters as this represents 
approximately 4 times the inter-transect spacing distance and empirically this proved to be the best 
balance between processing time and produced contours that weren’t too over-or under-smoothed.  The 
complete Surfer Grid Report for the data set can be found in Appendix B. 

Using the resulting grid file, Surfer was used to generate colored 2 foot contour maps for the entire 
reservoir and overlaid with aerial imagery Appendix B.  Because the sounder requires a minimum depth 
of water to operate, and the fact that it is not possible to navigate the survey vessel in all areas of the 
reservoir (especially in the near-shore zones), not all areas of the reservoir were directly sampled with the 
sounder.  However, because the Kriging algorithm was set to search in a 260 foot radius circle around 
each grid node, depth values were extrapolated beyond the physical dimensions of the survey.  The 
regions where elevations are extrapolated from sample data are demarcated on the contour figures using a 
dashed line and are shaded to clearly indicate that these areas were not directly sampled due to physical 
limitations.  

1.2.6 Hypsography 
In order to determine what the usable volume of the reservoir is at various water surface elevations a 
stage-volume relation, known as a hypsograph, must be created.  A Surfer script file was written to 
iteratively run Surfer’s Volume method to calculate the reservoir volume in 1-foot elevation increments.  
The resulting hypsograph Figure 5 shows that the total reservoir storage for the 2009 bathymetric survey 
limits is 1,389 MG (using the crest elevation of 382 feet), with a dead storage (i.e. storage below the 
lowest intake elevation of 367 feet) of 401 MG.   

In order to compare the hypsography from the current 2009 bathymetric survey to previous surveys, the 
spatial dimensions (i.e. the boundaries) of the survey area must be identical.  HDR’s  2009 survey limits 
were greater than those of the 2001/2002 surveys, so the grid file used to calculate the revised 
hypsography was reduced to the same spatial extent of the earlier surveys using Surfer’s Grid Blank 
                                                      
1 R2 represents how well the linear equation fits the data, and is typically reported within a range of 1.0 to 0.0.  An 
R2 of 1.0 is a perfect fit. 
 
2 A Kriging algorithm is a geostatistical technique to interpolate the value of a random field (e.g., the elevation of 
the sediment as a function of the geographic location) at an unobserved location from observations of its value at 
nearby locations.  Basically, it’s a means to expand the sediment elevation data from the surveyed lines to create a 
map of the entire Reservoir. 
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routine.  The hypsography was then recalculated to these new limits and plotted on Figure 5.  Using the 
reduced survey limits, the current estimate for total reservoir storage is 1,282 MG with a dead storage of 
400 MG.  The usable water storage volume is therefore 882 MG. 

2.0 Sediment Estimate 
 

Because field observations of sediment thickness did not correlate well with measurements made using 
the low frequency soundings, another approach was needed to estimate the sediment thickness.  In order 
to estimate the amount of sediment deposition that has occurred since the reservoir was built, both the 
“pre-flood” conditions (i.e. ground surface elevation before the reservoir was built) and the current 
conditions of the reservoir are required.  The 2009 bathymetric survey provides the existing conditions in 
the reservoir. 

Historical records for the Reservoir include scanned copies of a detailed survey with 2-foot contours.  
This survey (referred to herein as the pre-flood survey) was compiled by Atlantic Aerial Surveys, Inc by 
Photogrammetric Method from aerial photographs, taken December, 1962.  This survey provides the pre-
flood conditions in the reservoir. 

The original bottom elevations extracted from the pre-flood survey maps were used by HDR to estimate 
sediment thickness and volume.   

The procedure used to develop the sediment estimate involved several sequential steps: 

1. Segmenting the Reservoir 
2. Geo-referencing scanned pre-flood survey maps 
3. Digitizing selected cross-section based on the pre-flood survey 
4. Extracting cross-sections based on the 2009 survey 
5. Calculating cross-sectional area for both the pre-flood condition and the existing 

condition (based on HDR’s 2009 bathymetric survey) 
6. Estimating volumes using the Average End Area Method 
7. Calculating sediment volume for each Reservoir segment 

Concurrent to the bathymetric survey, HDR conducted a sediment characterization study.  As part of this 
study HDR collected sediment samples at five transects.  HDR also collected data on water and sediment 
depths at up to 10 points along the five designated transects extending across the Reservoir perpendicular 
to the channel.  Water and sediment depths were measured using a hand-held aluminum range pole 
inserted into the sediment until final refusal was encountered as a result of hard bottom conditions, or in 
some cases, a hard-packed layer of sediment.  Data collected for water and sediment depths along each 
transect was used to develop representative Reservoir cross sections.  Additional transects were also 
established and elevation data from the pre-flood survey and 2009 bathymetric survey were extracted.  
The combined transects split the Reservoir into 17 segments.  Figure 6 shows the transect locations and 
Reservoir segments. 

Once transects and segments were defined, the elevation along each transect was digitized.  For the pre-
flood survey the scanned 2-foot contour maps were geo-referenced using ESRI ArcGIS software.  Once 
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all the required map sheets were geo-referenced, elevations along each transect were digitized using 
ArcGIS.  Figure 7 illustrates this process: the geo-referenced contour maps are shown and an inset shows 
the digitized elevation along transect 172+28 based on the 2-foot contours.  Elevation data along each 
transect for the 2009 bathymetric survey was extracted from the Surfer Grid using Surfer’s Grid Slice 
tool.  

Cross-sections and areas were calculated and plotted for each survey using the elevation data along each 
transect developed for both the pre-flood and the 2009 bathymetric survey,   

Figures 8a through 8f show the cross-section at each transect referenced to the dam elevation of 382 feet.  
Pre-flood elevations are shows as red lines while existing conditions (2009 bathymetric survey) are shown 
as blue lines.  Note that for the pre-flood conditions, elevations do not extend below the original river 
water surface elevation as the original survey was based on analyses of aerial photographs.  For sediment 
characterization transects (36+03, 90+17, 172+28, 241+75, 12+37) where measurements were made with 
a range pole, the existing elevation and estimated original elevation (depth to final refusal) are shown as 
green and purple lines, respectively.  In general there is good agreement between the 2009 bathymetric 
survey, the pre-flood survey and the sediment characterization measurements.  

In cases where there are differences, such as Reservoir Transect 90+17, the pre-reservoir contours 
indicate that a significant amount of dense material consisting of coarse sand originating from bedload 
transport has filled in the original channel and adjacent valley area.  Clays may have also intermingled 
with bedload sand to act as a cementing agent, becoming too dense to penetrate using conventional hand-
held probing equipment.  In these cases, using the pre-flood topography is the best approach for 
estimating sediment deposition.  Once the cross-sectional areas were calculated, reservoir volumes and 
sediment thickness were calculated using the Average End Area Method.  The regular and linear shape of 
the Reservoir is well suited to volume estimations by the Average End Area Method. 

Reservoir volume, sediment volume and storage capacity loss were calculated for each Reservoir 
segment.  Two scenarios were considered when estimating the sediment volume.  

 Total sediment to be removed to restore the Reservoir to original condition. 
 Total sediment to be removed to restore original useable water supply volume (above intake = 

elevation 367 feet). 

Table 1 presents Reservoir and sediment volumes by segment for these two scenarios.  Using the Average 
End Area Method, the total original Reservoir volume was estimated to be 1,595 MG (7,898,775 cubic 
yards) – for comparison, the as-built volume was reported to be 1,700 MG.  The volume calculated from 
transects digitized from the 1962 pre-flood survey is within approximately 7% of the reported volume.  
The existing volume calculated using the Average End Area Method was 1,247 MG (6,172,830 cubic 
yards); the volume estimated using Surfer was 1,282 MG, only a 3% difference.  Given these 
comparisons, extracting elevations from the 1962 pre-flood survey and using the Average End Area 
Method to calculate volumes is reasonable.  With the reservoir volumes calculated for each segment the 
volume of sediment in each segment can then be calculated. 
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Figure 9a shows the estimated sediment volume in each segment of the Reservoir that would be needed 
to be dredged to restore the Reservoir it the original total volume.  The total dredging volume to restore 
the Reservoir to its original total volume is estimated to be 1,742,567 cubic yards. 

HDR noted an anomaly in the sediment deposition estimates - analytical results for segment 10 shows no 
sediment deposition in that segment.  This may be due to variations in the cross-sectional area in that 
location and possible distortion in the scanned pre-flood survey maps.  While there is evidence as shown 
in cross sections 191+73 and 215+36  (Figures 8c and 8d respectively) that limited sediment deposition 
has occurred in varying amounts ranging from 1.0 to 3.0 feet, several areas on the cross sections show 
negative deposition or erosion of the original bottom.  The lack of sediment deposition in this segment 
and the observed negative deposition could be a  result of (a) erosion and/or scour; (b) horizontal scale 
variations in aligning the pre-reservoir mapping with HDR’s  scanning process,  and possibly (c) physical 
modification during bridge construction near transect 191+73 (west side).  The pre-flood “hump” on the 
right hand side of section 215+36 (north side of Reservoir looking upstream) is located along a relatively 
steep slope and could have been eroded or modified.  The pre-flood steep slope on the left side of 215+36 
is on the south side of the Reservoir and could have resulted from erosion during the original Reservoir 
filling process and/or as a result of subsequent undercutting and slope failure causing bank recession.   

If only the usable volume (i.e. the volume of water above the intake) of the Reservoir were considered the 
amount of dredging required for restoration of original conditions would be significantly less.  Figure 9b 
shows the estimated sediment volume in each segment of the Reservoir that would be needed to be 
dredged to restore the Reservoir to its original usable volume.  The total dredging volume to restore the 
Reservoir to its original usable volume is estimated to be 918,391 cubic yards. 

Figures 10a and 10b present the percentage of capacity lost by reservoir segment.  The total capacity of 
the Reservoir has been reduced by 22%, while the usable capacity has been reduced by 17%. 

3.0 Comparison to Previous Volume Estimates 
 

The reported volumes (1966 to 2009) for the Reservoir are presented in Table 2, which shows the source, 
year, method and limits for each reported volume.  In general, the method and limits of volume estimates 
prior to 2001 are unknown but for purposes of comparison are presumed to be similar to those of the 2001 
– 2009 surveys as reported in this table. 

Differences in volume estimation between the 2001/2002 survey and HDR’s 2009 survey are attributable 
to variances in the number of data points and differing methods used to calculate volume between the 
surveys.  The volume calculated by HDR with Surfer® using the 2009 data (1,282 MG) is accurate within 
the survey limits described in our report.  The 2009 bathymetric calculation was based on data from over 
600 transects (compared to 50 transects for the 2001/2002 surveys), resulting in a higher level of 
resolution and accuracy (once adjusted to similar survey limits). 

 

 



Table 1 Estimated Volumes by Reservoir Segment

Rivanna Reservoir
Original 2009 2009 Total Sediment Percent 

Lake Original Lake Usable Existing Usable Sediment Volume Capacity Loss
Segment Volume (CY)1 Volume (CY)2 Volume (CY)3 Volume (CY)4 Volume (CY)5 Above Intake (CY)6 (Total) (Usable)

1 150,722 145,595 57,543 57,543 93,179 88,052 62% 60%

2 192,435 182,974 85,587 85,587 106,848 97,387 56% 53%

3 231,917 207,465 103,117 103,117 128,800 104,348 56% 50%

4 200,187 165,125 68,295 68,295 131,892 96,830 66% 59%

5 398,768 327,373 155,036 155,036 243,732 172,337 61% 53%

6 452,724 348,206 277,129 221,408 175,596 126,798 39% 36%

7 635,107 431,737 426,359 352,018 208,748 79,719 33% 18%

8 501,277 318,942 340,669 296,050 160,608 22,892 32% 7%

9 735,532 462,865 625,246 453,235 110,286 9,631 15% 2%

10 988,035 625,065 1,004,657 636,523 -16,622 -11,458 -2% -2%

11 1,178,551 643,119 1,131,356 662,037 47,195 -18,918 4% -3%

12 1,227,490 606,541 1,129,599 619,131 97,891 -12,590 8% -2%

13 390,604 202,524 385,662 209,473 4,942 -6,950 1% -3%

Ivy Creek
Original 2009 2009 Total Sediment Percent 

Lake Original Lake Usable Existing Usable Sediment Volume Capacity Loss
Segment Volume (CY) Volume (CY) Volume (CY) Volume (CY) Volume (CY) Above Intake (CY) (Total) (Usable)

14 91,550 71,856 31,540 31,540 60,010 40,316 66% 56%

15 93,982 74,511 40,856 40,856 53,126 33,655 57% 45%

16 288,988 212,176 198,461 172,054 90,528 40,122 31% 19%

17 140,905 92,392 111,718 86,088 29,187 6,304 21% 7%

1
Original Lake Volume: Estimated total volume using 1962 pre-flood survey

2
Original Usable Volume:  Estimated volume above intake (elevation 367 ft) using 1962 pre-flood survey

3
2009 Existing Volume: Estimated total volume using 2009 bathymetric survey

4
2009 Existing Usable Volume:  Estimated volume above intake (elevation 367 ft) using 2009 bathymetric survey

5
Total Sediment Volume: Estimated dredging volume to restore reservoir to original conditions

6
Total Sediment Volume Above Intake: Estimated dredging volume to restore reservoir to original usable volume conditions



South Fork Rivanna Reservoir Dredging Feasibility Study  
Bathymetric Survey & Volume Analysis Report 

 
HDR Engineering, Inc.  12 

Table 2 

Rivanna Reservoir Volume Comparisons 

Source Year 
Volume 
Method 

Survey 
Areal 
Limits 

Total 
Storage 

(MG) 
Comment 

As-Built 1966 UNK
1
 UNK

2
 1700 

As reported by Gannett Fleming  (Dec 
2004) 
 
Limits of surveys are unknown 
Volume calculation methods are 
unknown 

Betz 
Environmental Eng 

1976 UNK UNK 1620 

Glaspy, RG 1980 UNK UNK 1520 

James R Reed 
Associates 

1988 UNK UNK 1420 

Black & Veatch 1994 End Area UNK 1330 

RWSA/Waterways 
Surveys & 
Engineering 

2001 UNK 
2002 

Reservoir
3
 

1150 As reported by Gannett Fleming  (Dec 
2004)  
 
 

RWSA/Waterways 
Surveys & 
Engineering 

2002 UNK 
2002 

Reservoir 
1155 

HDR 2002 End Area 
2002 

Reservoir 
1256 

HDR calculated using elevations from 
available AutoCad files of 2002 survey. 

HDR 2009 Surfer 
2002 

Reservoir 
1282 HDR calculated using Surfer® 

HDR 2009 End Area 
2002 

Reservoir 
1197 

HDR calculated using Surfer grid and 
2002 transects 

1:  The method used to calculate the volume is unknown. 

2:  The exact spatial limits of the reservoir used to calculate the volume are unknown.                           

3:  HDR determined 2001 and 2002 survey limits from available transects. 

. 

The volume calculations summarized in Table 2 are shown graphically in Figure 11.  Volume estimates 
between 1966 and 1994 are shown as blue triangles, while more recent estimates are shown as red circles. 
A linear regression of the 1966-1994 data shows that average loss in volume is 13.6 MG/year during this 
period.  If the recent data are added to the regression, the average loss in volume is 12.5 MG/year. 
Therefore, the current rate of reservoir volume loss appears to be approximately the same rate as was 
observed in the past.  
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A true comparison of past and present volume estimates can not be provided without knowing the aerial 
extent of the reservoir and/or the method of calculation for the past volume estimates.  However, 
assuming similar survey limits, recent volume estimates fall within the range of expected values.  
Regression analysis on both the past volume estimates and the more recent 2001/2002 and 2009 volume 
estimates show a reasonable fit (R2 = 1.0 and 0.9 for the 1966 – 1994 and 1966 – 2009 periods, 
respectively), particularly when the 2002 volume was recalculated using the 2002 transect data and the 
end area method  to estimate a reservoir volume of 1,256 MG.  The lower volume estimates from the 
2001/2002 studies could be attributable to the calculation method used – for example, using AutoCAD to 
calculate volume typically generates a lower estimate than the end area method due to built-in differences 
in the method assumptions. HDR’s estimate of 1,282 MG for total reservoir volume is approximately 
10% greater than the 2002 estimate of 1,155 MG.  Given the greater number of data points available to 
HDR, the difference does not appear unusual. 

Another factor that could be affecting the volume estimates is a change in reservoir sedimentation rate.  
Historically, erosion and sedimentation rates have decreased nationwide over the last 15 to 20 years as a 
result of NRCS and SWCD efforts to implement agricultural BMPs through cost share programs and 
continuing outreach efforts.    Virginia has implemented similar programs through NRCS, VSWCD and 
the Virginia Agricultural BMP Cost Share Program that would likely have resulted in reduced soil erosion 
and sediment transport within the South Rivanna River watershed.  Although watershed loadings may 
have been reduced, it is likely that stream bank erosion and associated bed load transport of sediment in 
the system could be a continuing process with regards to reservoir sedimentation. 
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Figure 9a

Bathymetric
Survey

RIVANNA WATER AND SEWER AUTHORITY
South Fork Rivanna Reservoir

Dredging Feasibility Study
Total Sediment Volume

to Restore Original Conditions

Legend
Reservoir Segment
Sediment Volume (CY)

0
1 - 40,000
40,001 - 80,000
80,001 - 120,000
120,001 - 160,000
160,001 - 200,000
200,001 - 240,000
240,001 - 280,000

Based on “End Area Method”, using transects digitized from
1962 aerial survey and 2009 bathymetric survey.
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Figure 9b

Bathymetric
Survey

RIVANNA WATER AND SEWER AUTHORITY
South Fork Rivanna Reservoir

Dredging Feasibility Study
Total Sediment Volume

to Restore Original Usable Conditions
Assuming intake elevation = +367 ft

Legend
Reservoir Segment
Sediment Volume (CY)

0
1 - 40,000
40,001 - 80,000
80,001 - 120,000
120,001 - 160,000
160,001 - 200,000
200,001 - 240,000
240,001 - 280,000

Based on “End Area Method”, using transects digitized from
1962 aerial survey and 2009 bathymetric survey.
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Figure 10a

Bathymetric

Survey
RIVANNA WATER AND SEWER AUTHORITY

South Fork Rivanna Reservoir

Dredging Feasibility Study
Total Capacity Lost

Legend

Reservoir Segment

% Capacity Lost

 0%

1% - 10%

11% - 20%

21% - 30%

31% - 40%

41% - 50%

51% - 60%

61% - 70%

Based on “End Area Method”, using transects digitized from
1962 aerial survey and 2009 bathymetric survey.
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Figure 10b

Bathymetric

Survey
RIVANNA WATER AND SEWER AUTHORITY

South Fork Rivanna Reservoir

Dredging Feasibility Study
Total Usable Capacity Lost

Legend

Reservoir Segment

% Usable Capacity Lost

0%

1% - 10%

11% - 20%

21% - 30%

31% - 40%

41% - 50%

51% - 60%

61% - 70%

Based on “End Area Method”, using transects digitized from
1962 aerial survey and 2009 bathymetric survey.
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H Y D R O G R A P H I C
E C H O  S O U N D E R

ECHOTRAC CVE C H O T R A C ™  C V

Dual Frequency with Optional Third 
Channel and Optional  LCD Display

 Modular “black box”   
configuration includes rack 
mount option, Ethernet LAN 
interface, frequency agile 
configurable transceivers, 
standard serial interfaces 
for data acquisition 
systems, motion sensors 
and DGPS receivers.

 Options include modular 
sunlight viewable color   
LCD chart with internal data 
storage, high-resolution 
thermal paper recorder or 
display and control on   
your PC!

•



5/09

E C H O T R A C ™ C V
You asked for more convenience and superior efficiency in your hydrographic survey tools. Teledyne Odom answered.

With the Echotrac CV, Teledyne Odom delivers the perfect union of flexibility and technology, viewed through a user-friendly 

networked Windows interface, e-Chart. Alongside the advanced features and options that made the Echotrac MKIII a stand-out 

product, the CV brings users to the next level by providing an optional third acoustic channel. Whether it’s a side scan, 

bathymetric or a shallow subbottom investigation, the CV has the flexibility to handle the task!

G E N E R A L  S P E C I F I C A T I O N S

See our entire product line at: odomhydrographic.com

1450 Seaboard Avenue Baton Rouge, Louisiana 70810-6261 USA (225) 769-3051   (225) 766-5122 FAX

Frequency
• High band: 100 kHz – 1 MHz
• Low band: 3.5 kHz – 50 kHz

Output Power
• High: 100 kHz – 1 kW RMS max 200 kHz – 

900  W RMS max, 750 kHz – 300 W RMS max
• Low: 12 kHz – 2 kW RMS max, 50 kHz – 
 2 kW RMS max

Input Power
• 110 or 220 V AC – 24 V DC 120 watts start/ 
 50 watts run

Resolution
• 0.01 m/0.1 ft

Accuracy
• 0.01 m/0.10 ft +/- 0.1% of depth @ 200 kHz
• 0.10 m/0.30 ft +/- 0.1% of depth @ 33 kHz
• 0.18 m/0.60 ft +/- 0.1% of depth @ 12 kHz

Depth Range
• 0.2 – 200 m /0.5 – 600 ft @ 200 kHz
• 0.5 – 1600 m/1.5 – 5000 ft @ 33 kHz
• 1.0 – 4000 m/3.0 –20,000 ft @ 12 kHz

Phasing
• Automatic scale change, 10%, 20%, 30%  

overlap or manual

Printer (optional)
• High resolution 8 dot /mm (203 dpi), 

16 gray shades
• 216 mm (8.5 in) wide thermal paper or film
• External ON/OFF switch
• Paper advance control

Paper Speed
• 1 cm/min (0.5 in/min) to 22 cm/mm   

(8.5 in/min), Auto = one dot row advance   
for  each Ping

LCD Display (optional)
• 15 in TFT screen
• High-Bright (500 NIT)
• Internal data storage DSO 

on 40 GB hard disk
• Data transfer via Ethernet interface or 

USB flash drive
• Windows XP Embedded

Sound Velocity
• 1370 – 1700 m/s
• Resolution 1 m/s

Transducer Draft Setting
• 0 – 15 m (0 – 50 ft)

Depth Display
• On control PC and remote LCD display

Clock
• Internal battery backed time, 

elapsed time and date clock

Annotation
• Internal – date, time, GPS position
• External – from RS232 or Ethernet

Interfaces
• 4 x RS232 or 3 x RS232 and 1 x RS422
• Inputs from external computer, 

motion sensor
• Outputs to external computer, remote display
• Outputs with LCD chart – VGA video out
• Ethernet interface
• Heave – TSS1 or sounder sentence

Blanking
• 0 to full scale

Installation
• Desktop  or optional rack mount 

and bulkhead mount

Software
• e-Chart supplied 

Environmental Operating Temperature
• 0° – 50° C, 5 – 90% relative humidity, 
 non-condensing

Dimensions
• 89 mm (3.5 in) H x 432 mm (17 in) W x 

325 mm (12.8 in) D

Weight
• 16 kg (35 lbs.)

Options
• Third acoustic channel (multiple configurations)
• Remote display
• Side scan transducer – single or dual channel 

side looking 200 kHz or 340 kHz for search and 
reconnaissance 

• Built-in DGPS
• Subbottom Array (3.5 kHz 4 element array with 

stainless steel mounting frame typical)
• Wide selection of transducers

Features:
• Selectable Receiver bandwidth for shallow/  
 deep water echo sounding
• Silas compatible output for sediment analysis



Key Features

High-performance 
GPS with a world of 
real-time options 
The versatile GPS Pathfinder® Pro XRS receiver is 
the thoroughbred of GPS receivers. Offering a full 
range of accurate real-time correction sources, 
great performance in all GPS conditions, and 
rugged design for the toughest environments, the 
Pro XRS is an essential tool for collecting and 
maintaining GPS data.

Built to meet your demands
With the Pro XRS, you don’t have to worry 
whether your GPS receiver can stand up to harsh 
conditions. All its components are sealed in a 
robust casing. Waterproof, dustproof, and  
shock-resistant, the Pro XRS can work  
anywhere you can. 

Just as tough is the custom-designed ergonomic 
backpack. But it’s light and comfortable, so you 
can wear it all day.

You’re spoiled for real-time choice
If you’re navigating in the field, or finding your way 
back to a previously recorded feature, you’ve got 
all the real-time options covered. Corrections from 
a radiobeacon, a satellite differential service such 
as OmniSTAR, or a satellite-based augmentation 
system (SBAS) like WAAS1 or EGNOS2 are not 
just built in, they’re seamlessly integrated into 
the receiver. Want the freedom to connect to an 
external correction source like a virtual reference 
station (VRS)? You’ve got it. This array of real-time 
sources makes the Pro XRS the most adaptable 
real-time GPS receiver around.

High quality, accurate data for your GIS
With the Pro XRS, you can be sure that the data 
you collect meets your high standards. Offering 
submeter accuracy in real time, and centimeter-
level postprocessed accuracy, it’s the obvious 
choice for collecting the high quality GPS data 

you need in your GIS. And it has advanced  
design features, like EVEREST™ multipath 
rejection technology, to ensure you get only the 
best positions.

Get the results you want
The GPS Pathfinder Pro XRS’s advanced design 
gives you complete control over GPS quality. You 
can focus on productivity, to keep working even in 
adverse GPS conditions. Or you can configure the 
receiver to deliver only the most precise positions. 
It’s up to you. 

Flexible data collection options
Pick the field device and software that fits your 
workflow. The Pro XRS is ready to use with a 
variety of field computers, including Trimble’s own 
range of handheld computers: the GIS TSCe™ 
field device, the Trimble® Recon™ handheld, and 
the GeoExplorer® series.

Choosing software? Try the TerraSync™ software, 
for a complete solution from the field to the  
office and back. Choose off-the-shelf GPS field 
software. Or use the GPS Pathfinder Tools SDK 
to build your own application that’s totally 
customized to your needs.

All you need
You need equipment that’s as 
adaptable and hard-working 
as you are. So when you’re 
choosing GPS equipment, 
don’t compromise. Get a 
GPS Pathfinder Pro XRS receiver 
and have it all. 

Key Features

• Real-time submeter accuracy

• Integrated satellite, beacon, 
and WAAS/EGNOS differential 
receiver

• EVEREST multipath rejection

• Rugged design

• Ergonomic, comfortable 
backpack system

• Choice of field device and field 
software 

GPS Pathfinder Pro XRSGPS Pathfinder Pro XRS



Standard features
GPS
• Integrated GPS/beacon/satellite/SBAS receiver
• Integrated GPS/beacon/satellite/SBAS antenna
• Real-time differential correction sources:

• Coast Guard radiobeacon
• OmniSTAR satellite
• LandStar satellite
• WAAS1/EGNOS2

• EVEREST multipath rejection technology
• RTCM input/output
• NMEA output
• Base station mode

Accessories
• International AC re-charger and power supply
• Rechargeable system batteries (8 hours of field use)
• Ergonomic backpack carrying system
• 3 meter antenna cable

Optional features
Software
• TerraSync data collection and maintenance software
• GPScorrect™ for ESRI® ArcPad®
• Custom application built using the GPS Pathfinder Tools Software Development 

Kit (SDK)
• GPS Pathfinder Office software
• Trimble GPS Analyst extension for ArcGIS®

Field devices
• Field device running Microsoft® Windows® CE operating system, such as:

• GIS TSCe field device
• Trimble Recon handheld
• GeoExplorer series handheld

• Field device running Microsoft Windows desktop operating system

Accessories
• Vehicle kit (includes cigarette lighter power adaptor, quick release, 2 quick 

release adaptors, and magnetic mount)

 

Technical specifications 
Physical 
GPS Receiver

Size . . . . . . . . . . . . . .11.1 cm × 5.1 cm × 19.5 cm (4.4 in × 2.0 in × 7.7 in)
Weight . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .0.76 kg (1.68 lb)

Antenna
Size . . . . . . . . . . . . . . . . . . 15.5 cm diameter × 14 cm high (6.1 in × 5.5 in)
Weight . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0.55 kg (1.2 lbs)

Power . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7 Watts (maximum), 10 to 32 VDC

Environmental
Temperature

Operating  . . . . . . . . . . . . . . . . . . . . . .–20 °C to +65 °C (–4 °F to +149 °F)
Storage . . . . . . . . . . . . . . . . . . . . . . .–30 °C to +85 °C (–22 °F to +185 °F)

Humidity . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 100% fully sealed
Receiver casing . . . . . . . Dustproof, splashproof, shock-resistant; sealed to 5 psi
Antenna casing . . . . . . . . . . . . . . . . . . . . Dustproof, waterproof, shock-resistant

GPS
General . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 12 channel, L1/CA code tracking 
 carrier phase filtered measurements, multibit digitizer
Antenna  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Right-hand, circular polarized;
 omnidirectional; hemispherical coverage
Integrated real-time . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . WAAS1 or EGNOS2

Update rate . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 Hz
Time to first fix  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 30 seconds (typical)

Accuracy (RMS)3 after differential correction
Postprocessed4 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 50 cm
Carrier postprocessed5

With 5 minutes tracking satellites . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 30 cm
With 10 minutes tracking satellites . . . . . . . . . . . . . . . . . . . . . . . . . . . . 20 cm
With 20 minutes tracking satellites . . . . . . . . . . . . . . . . . . . . . . . . . . . . 10 cm
With 45 minutes tracking satellites . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 cm

Real-time  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Submeter6

1 WAAS (Wide Area Augmentation System). Available in North America only.  
For more information, see http://gps.faa.gov/programs/index.htm.

2 EGNOS (European Geostationary Navigation Overlay System). Available in Europe only.  
For more information, see http://www.esa.int/export/esaSA/navigation.html.

3 Horizontal accuracy. Requires data to be collected with minimum of 4 satellites, maximum PDOP of 6, 
minimum SNR of 4, minimum elevation of 15 degrees, and reasonable multipath conditions. Ionosperic 
conditions, multipath signals or obstruction of the sky by buildings or heavy tree canopy may degrade 
precision by interfering with signal reception. Accuracy varies with proximity to base station by +1 ppm 
for postprocessing and by +5 ppm for carrier postprocessing.

4 Postprocessing with GPS Pathfinder Office software or GPS Analyst extension for ArcGIS.
5 Requires collection of carrier data. (Only available with the GPS Pathfinder Office software).
6 RTCM SC-104 standard format broadcast from a Trimble reference station. Accuracy varies with 

proximity to base station. Specifications subject to change without notice.

GPS Pathfinder Pro XRS
High-performance GPS with a world of real-time options

www.trimble.com
YOUR LOCAL TRIMBLE OFFICE OR REPRESENTATIVE

© 2004, Trimble Navigation Limited. All rights reserved. Trimble, the Globe & Triangle logo, GeoExplorer, and GPS Pathfinder are 
trademarks of Trimble Navigation Limited, registered in the United States Patent and Trademark Office and other countries. EVEREST, 
GPScorrect, TerraSync, and TSCe are trademarks of Trimble Navigation Limited. Recon is a trademark of Tripod Data Systems Inc., 
a wholly owned subsidiary of Trimble Navigation Limited. Microsoft and Windows are either registered trademarks or trademarks of 
Microsoft Corporation in the United States and/or other countries. All other trademarks are the property of their respective owners. 
TID13275E (08/04)
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Hydrographic Survey Software 

HYPACK® is PC-based Windows software for planning, conducting, editing and publishing 
hydrographic surveys.  

Read on for additional information about each of HYPACK®'s software modules.  

Design | Survey | Editing | Final Products 

Design 

Survey 

Editing 

HYPACK® MAX contains powerful tools that let 
you quickly design your survey and display your 
results.  Its powerful drawing engine can display 
background files in DXF, DGN, TIF,  
S-57, BSB raster, ARCS (Admiralty Raster Chart 
Service), and VPF files at any rotation and scale.  
Design tools allow you to quickly create planned 
lines.  HYPACK® MAX automatically stores your 
information to a project directory, allowing you to 
set up new surveys or to quickly switch to an 
existing survey.  All of this in the easy drag-and-

drop environment of Windows® 98, 2000, XP or 

NT. 

more info | top

(click image to see a full size screen 
shot)

HYPACK® MAX's SURVEY program allows the 
flexibility and power needed to perform your 
work.  It supports GPS, Range-Azimuth, and 
Range-Range navigation systems.  It 
supports single beam, dual frequency, 
multiple transducer, and multibeam 
echosounders, along with gyros, 
magnetometers, telemetry tide gauges, and 
other survey devices.  The SURVEY program 
can be configured to display and track single 
vessels, multiple vessels, or the main vessel 
and ROVs or towfish.  Users can display the 
vessel positions against background files of 
DXF, DGN, TIF, S-57, BSB, ARCS (Admiralty 

Raster Chart Service), or VPF file format. 

more info | top

(click image to see a full size screen shot)

Page 1 of 2HYPACK®

1/20/2006http://www.hypack.com/hypack.asp



 

Final Products 

HYPACK® MAX's graphical editing routines 
allow you to quickly edit your survey data.  
Water level corrections can be 
automatically determined using RTK GPS 
water level techniques, telemetry tide 
gauges, manual observations, or 
downloaded from NOAA web sites.  Sound 
velocity corrections can be applied.  Users 
can quickly review and edit individual 
points or blocks of data.   HYPACK® MAX's 
new "Field to Finish" process now allows 
you to automatically remove data spikes, 
perform final sounding selection, and 
generate smooth sheets or export info to 

CAD before you hit the dock. 

more info | top

(click image to see a full size screen shot)

What really puts HYPACK® MAX above the 
other hydrographic packages is the variety of 
final product programs.  The Cross Section 
and Volume program is the standard used by 
the U.S. Army Corps of Engineers for 
calculation of dredge volume quantities 
throughout the USA.  The Surface Modeling 
program generates 3-D models, contours, and 
also computes volumes between surfaces for 
beach erosion studies.  The Export program 
allows users to import HYPACK® MAX data 
into CAD and GIS packages in either DXF or 

DGN format. 

more info | top

(click image to see a full size screen shot)
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Survey Features  

Background Files | Targeting | Color Coded Depth Matrix | Boat Shapes | Anchor Handling 
Routines | Night Operations | Real Time Water Levels | Calibration Routines 

Background Files 

At the heart of HYPACK® MAX is the SURVEY 
program.   SURVEY allows users to perform an 
entire range of surveys, from simple GPS-
Echosounder jobs to complex multibeam 

transducers mounted on ROVs. 

SURVEY can support single or multiple vessels.  
The multiple vessel support allows you to track the
main vessel and an ROV or multiple vessels during 
naval exercises. 

SURVEY supports GPS, Range-Range, and Range-
Azimuth positioning systems.  It also can provide 
real time water level calculations using RTK GPS 
and a heave-pitch-roll sensor.  It also provides 
interfaces for over 150 different sensors, including 
single beam echosounders, dual frequency 
echosounders, multiple transducer echosounders, 
multibeam sonars, gyros, heave-pitch-roll sensors, 
magnetometers, telemetry tide gauges, side scan 
sonars, flourimeters, oxygen sensors, etc. 

The information for each sensor is time tagged to 
within .001 second and logged to file for post 
processing.  Meanwhile, the SURVEY program 
gives constant guidance to the helm with a left-
right indicator and a graphic area map which can 
be displayed in either a "North Up" or "Planned 

Line Up" orientation.  

Return to Top 

The SURVEY program from HYPACK® 
MAX (click image to see a full size 

screen shot) 

The Area Map of SURVEY showing the 
vessel position, track line, and event 
marks (click image to see a full size 
screen shot) 

The background display in SURVEY’s Area Map can 
display electronic chart data from S-57, C-Map, 
NIMA Vector Product format, or BSB Raster 
charts.   It can also display engineering drawings 
from Microstation DGN or in CAD DXF.   SURVEY 
can also display your vessel over an orthometric 
TIF file, allowing you to use aerial photos for your 
background display.  SURVEY also allows you to 
combine different background file formats.  For 
example, you can place a construction drawing in 
Microstation DGN format on top of your S-57 

electronic chart file. 

Page 1 of 4HYPACK® Max - Survey Features
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Targeting 

Color Coded Depth Matrix 

Boat Shapes 

Return to Top 

Displaying an aerial photograph in  

HYPACKTM MAX (click image to see a 
full size screen shot)

Besides providing "on line" control, SURVEY also 
allows users to import or to mark in real time 
target locations.  Target locations can be prepared 
in advance and then used to navigate to user 
defined locations for water quality samples or 
recovery of bottom mounted equipment.  They can
also be used to mark aids/hazards to navigation, 

such as buoys, wrecks, rocks, etc. 

Return to Top 
Displaying targets in SURVEY (click 
image to see a full size screen shot)

SURVEY allows you to "paint" the bottom with 
single beam, multiple transducer or multibeam 
depth information.  This feature provides you with 
a real time and permanent bottom coverage map 
which can also be used to locate bottom features 

and depth outliers. 

Depth matrices can be plotted in HYPLOT or can 
be exported to ASCII XYZ files for import into 
other applications. 

Return to Top  
A color coded depth matrix showing 
depth information from a multiple 
transducer system (click image to see 
a full size screen shot)

In certain applications, it’s nice to see the exact 
outline of your survey boat, barge, dredge, etc. 
HYPACK® MAX has a simple BOAT SHAPE EDITOR 
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Anchor Handling Routines 

Night Operations 

Real Time Water Levels from RTK GPS 

HYPACK, Inc., working with the U.S. Army Corps of Engineers, was the first to be able to 

program which allows you to describe the exact 

dimensions of your vessel. 

Return to Top 

Creating the boat shape for a cutter 
section dredge in the BOAT SHAPE 
EDITOR program (click image to see a 
full size screen shot)

HYPACK® MAX allows users to place, drop and 
retrieve up to nine anchors on each vessel.  This 
can be handy when working with four-point 
mooring systems or when performing construction 

on pipelines. 

Return to Top 

Working with anchors in HYPACK® 
MAX (click image to see a full size 
screen shot)

HYPACK® MAX’s SURVEY program allows users to 
toggle between Day and Night colors, allowing for 

24-hour survey operations. 

Return to Top 

Running the SURVEY program on the 
bridge after dark (click image to see a 
full size screen shot)
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offer the capability of determining real time water levels using RTK GPS.  Using the precise 
height above ellipsoid available from RTK, the SURVEY program can translate that to a 
height above chart datum.  Using the heave-pitch-roll information and the offsets between 
the GPS antenna and the echosounder transducer, we can then determine how high the 
transducer is relative to the chart datum.   The rest is simple! Several USACE survey groups 
and private surveyors are now eliminating the need to maintain expensive tide gauge 
networks. 

Return to Top 

Calibration Routines 

HYPACK® is used by over 2,000 surveyors around the world. The SURVEY program can be 
found on everything from a small notebook computers in a dinghy operator’s lap to a large 
rackmount system on an oceanographic ship. 

HYPACK® MAX is the result of over 10 years experience in running hydrographic survey 
programs in DOS, Windows 3.11, Windows’95, Windows’98 and Windows’NT.   While others 
are just beginning, HYPACK, Inc. has been fine tuning and adding additonal features. 

Return to Top  

HYPACK® MAX contains tested routines to 
calibrate delay times between your GPS and 
echosounder and our famous PATCH TEST 

program for the calibration of multibeam sytems. 

Return to Top 

Calibrating for GPS latency in 
HYPACK® MAX (click image to see a 
full size screen shot)

Copyright 2000 HYPACK, Inc. 
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Contouring and 3D
Surface Mapping for

Scientists and 
Engineers

The Industry Standard
in Mapping Solutions

Only
$599!



Surfer is the most powerful, flexible, and easy-to-use contour-

ing and 3D surface mapping package available.  Surfer easily

and accurately transforms your XYZ data into spectacularly

colorful contour, surface, wireframe, shaded relief, image, post,

and vector maps in minutes!  And best of all, it�s affordable!   

Since 1984, over 100,000 scientists and engineers world-wide

have discovered Surfer's power and simplicity.  Surfer's out-

standing gridding and contouring capabilities have made

Surfer the software of choice for working with XYZ data.  Over

the years, Surfer users have included hydrologists, engineers,

geologists, archeologists, oceanographers, biologists, foresters,

geophysicists, medical researchers, climatologists, and more!

Anyone wanting to visualize their XYZ data with striking clarity

and accuracy will benefit from Surfer's powerful features!

Individual contour labels can be dragged to a new location, new
labels can be added and individual labels can be deleted.

w w w . g o l d e n s o f t w a r e . c o m

The software of choice for creating contour maps!

Present your data at its best!  Create one of nine differnt colorful map types!  Organize all your
maps and objects with the easy-to-use Object Manager.



Power fu l  Contour ing

Customize your contour maps by manipulating

contour line intervals, thickness, spacing, color,

and labeling.  Add a gradient color fill, hachures,

or a color scale bar for an original map ready for

publication.  To position contour line labels, simply

click on a label and drag it to the desired location!

You can even drape a contour map over a wire-

frame or surface map to display multiple variables.

Creating customized high-precision contour maps

has never been so easy!

Super ior  Gr idd ing

Surfer includes an integrated data
analysis tool for variogram model-
ing.  The variogram model helps in

selecting an appropriate model
when gridding using the Kriging

algorithm.

Display multiple Z variables by overlaying a color-filled con-
tour map over a wireframe map.

Surfer provides more gridding methods and more

control over gridding parameters than any other

software package on the market.  Surfer will quickly

interpolate irregularly or regularly spaced data into a

regularly spaced grid.  Use Surfer's default settings

or choose from twelve different gridding methods to

generate a grid file which best represents your data.

Surface maps display your data as rendered 3D 
surfaces.  Overlay surface maps with other surface

maps to generate informative block diagrams.

Easily add faults and breaklines
to your grid. 

Use a combination of map types to generate 
colorful displays of XYZ data.  



Surfer includes extensive customization options to

allow complete control over all map types.  Overlay

or stack any number of maps and display an unlimit-

ed number of maps per page.  Scale, tilt, and rotate

your maps for the best data presentation possible.

Customize maps by adding text, symbols, polylines,

and polygons.  With Surfer's Object Manager, all of

the objects on the page are sensibly organized and

are readily accessible for editing.  With Surfer, the

possibilities are endless�

Numerous Opt ions

Free Technica l
Support

Easily generate maps from USGS
DEM and DLG files.  Surfer has

native support for SDTS DEM and
DLG files. 

When you have questions, consult the easy-to-

understand User's Guide, check Surfer's online

help, or browse the Surfer Support Forum or the

Surfer FAQ's on our web page.  If you do need

additional assistance for any reason, Golden

Software provides free technical support to reg-

istered users by phone, email and fax.
Stack and rotate maps for the best presentation possible!

w w w . g o l d e n s o f t w a r e . c o m

Vector maps show the direction and
magnitude of data.  Combine vector

maps with any other map type!

Combining surface maps is an excellent technique
to visually compare data sets.

To order  Sur fe r,  p lease contact  
Golden Sof tware  a t :

800-972-1021
or

303-279-1021

Place your order or download a free demo 
version online at:

www.goldensoftware.com



S u r f e r ! 8  Fe a t u r e s
Vector Maps
� Create vector maps from one or two grid 

files.
� Define symbol style, color, and frequency.
� Symbol color may be fixed, based on vec-

tor magnitude or the values of an arbitrary 
grid.

� Display color scale and vector scaling 
legends.

� Scale the arrow shaft length, head length, 
and symbol width based on minimum and 
maximum data values.

� Control vector orientation, symbol origin, 
and choose from linear, logarithmic, or 
square root scaling methods.

Base Maps
� Import base maps in several formats:  EMF, 

E00, GSI, DXF, DLG, LGO, LGS, GSB, 
BNA, BLN, PLT, CLP, WMF, SHP, MIF, BMP, 
JPG, PNG, TIF, TGA, PCX, DCX, WPG, 
PCT, GIF, and USGS SDTS TVP (DDF).

� Specify the bitmap coordinate system.
� Edit line, fill, text, and symbol attributes for 

vector base map formats.

Overlay Maps
� Stack and overlay most combinations of 

maps.
� No limit to the number of overlays that can 

be combined.

Gridding Methods
� Create grids from up to 1 billion XYZ data 

points.
� Specify faults and breaklines during grid-

ding.
� Create grids with up to 100 million nodes.
� Gridding methods include:  Ordinary and 

Universal Kriging, Inverse Distance to a 
Power, Minimum Curvature (with tension), 
Modified Shepard�s Method, Natural 
Neighbor, Nearest Neighbor, Polynomial 
Regression, Radial Basis Function, 
Triangulation with Linear Interpolation, 
Moving Average, Data Metrics, and Local 
Polynomial.

� Apply a generic data exclusion filter for 
eliminating unwanted data.

� Use powerful duplicate data resolution 
techniques.

� Use Cross Validate to assess the quality of 
the selected gridding method.

� Create variogram models.
� Generate a report of the gridding statistics 

and parameters.
� Customize search rules.
� Apply anisotropy ratios and angles for 

most gridding methods.
� Generate grids from a user specified 

function of two variables.

Grid Calculus
� Take first or second order directional 

derivatives.
� Use terrain modeling to analyze terrain 

slope, terrain aspect, profile curvature, 
plan curvature, and tangential curvature.

� Apply differential and integral operations 
including gradient, Laplacian, biharmonic, 
and integrated volume.

� Apply Fourier and spectral analysis to 
generate a grid correlogram or periodogram.

Variography
� Display both the experimental variogram 

and the variogram model.
� Specify the estimator type as a variogram, 

standardized variogram, auto covariance, or 
auto correlation.

� Specify variogram model components: 
exponential, Gaussian, linear, logarithmic, 
nugget effect, power, quadratic, rational 
quadratic, spherical, wave (hole effect), 
cubic, or pentaspherical.

� Combine multiple variogram components 
into complex nested models.

� Use the AutoFit feature to define the 
parameters of selected components.

� Customize the variogram to display 
symbols, variance, and number of pairs for 
each lag.

� Export the experimental variogram data for 
plotting in other graphing programs.

Grid Utilities
� Interactively edit nodes in the grid node 

editor. 
� Blank specified regions of the grid.
� Compute grid volumes, surface areas, 

cross sections, and residuals.
� Use matrix or spline smoothing utilities.
� Use the on-screen digitizing function to 

digitize in map coordinates.
� Convert binary grids to ASCII grids or ASCII 

data files.
� Combine multiple grid files to form a single 

grid file.
� Filter grids using many pre-defined filters or 

define your own filter.

Export Options
� Export formats include EMF, MIF, GSI, 

GSB, DXF, SHP, WMF, CLP, CGM, TIF, BMP, 
JPG, TGA, PCX, DCX, WPG, PNG, BNA, 
BLN, GIF, and PCT.

Drawing Tools
� Drawing tools include text, lines, arrows, 

polygons, rectangles, ellipses, and symbols.
� All objects can be rotated, moved, scaled, 

and combined into composite objects.
� Math Text system supports superscripts, sub

scripts, math and Greek symbols.
� Use the reshape tool to edit areas and 

curves.

ActiveX Automation
� Automate repetitive tasks with scripts.
� Use Visual Basic, C++, Perl, or any 

ActiveX Automation compatible program-
ming language.

� Includes Scripter, a VB compatible scripting 
program to automate Surfer.

Worksheet
� Import Formats include XLS, DAT, SLK, 

WKx, WRx, CSV, TXT, BNA, and BLN.
� Data file size up to 1 billion rows.
� Calculate data statistics.
� Sort data based on columns.
� Transform data using custom equations.
� Print the worksheet.
� Save your data in XLS, SLK, CSV, TXT, 

DAT, BNA, and BLN formats.

User Friendly
� Easy-to-learn Windows user interface with 

floating or dockable toolbars that can be 
turned on and off.

� The Object Manager allows you to select, 
edit, show, or hide all objects in an easy-to-
use hierarchical tree view.

� Full 32-bit, double-precision application.
� Multi-level Undo and Redo.
� Multiple informative reports can be 

generated in the program.

General Features 
� Define custom colors, fill patterns, and line 

styles.
� Define axis attributes including titles, grid 

lines, tick marks, and tick spacing for all 
map types.

� Independent scaling for X, Y, and Z (if 
applicable) dimensions.

� Rotate and 3D tilt all map types and 
bitmaps, using either orthographic or per-
spective projections.

� Directly load USGS SDTS DEM files instead 
of Surfer grid files.

� Display map scale bars for all map types.

Contour Maps
� Custom or automatic contour intervals.
� Control contour label frequency and spacing.
� Apply color and pattern fill between 

contours.
� Save and retrieve custom contour fill 

attributes.
� Add color scale legends.
� Display fault lines with custom line styles.
� Export contours in 3D DXF format.

3D Wireframe Maps
�  Apply custom or automatic color zones.
�  Display lines of constant X, Y, and Z.
�  Use custom or automatic Z levels.

Surface Maps
� Control the color, lighting, mesh, base, 

and overlay color blending.
� Most map types, including other surface 

maps and bitmaps, can be overlaid on 
surfaces.

Post Maps
� Post proportional or fixed size symbols. 
� Add labels from a data file.
� Specify the position, label, symbol, and 

rotation angle for each posted point.
� Post all points from a worksheet column or 

post every nth point.
� Create classed post maps that show differ-

ent symbols for different ranges of data.
� Create a classed post map legend.

Shaded Relief Maps
� Create photo-quality shaded relief maps.
� Control light position angles. 
� Set relief parameters using central differ-

ence or midpoint difference gradient 
methods.

� Specify how colors are mapped to the 
reflectance and specify the color for 
missing data.

Image Maps
� Create continuous solid color image maps.
� Use data independent color spectrum files.
� Dither bitmaps or interpolate pixels.



809 14th Street, Golden, Colorado  80401-1866 U.S.A. 
800-972-1021 • 303-279-1021 • FAX 303-279-0909 

www.goldensoftware.com

Order Surfer! Today!
Surfer is available directly from Golden Software.  

You can order by phone, fax or 

use our secure online order form at: 

www.goldensoftware.com
Please contact us if you have any questions.

System Requirements

� Windows 98, Me, 2000, XP, or higher.

� 32 MB RAM minimum, 64 MB recommended.

� 25 MB of free hard disk space.

� 800 X 600 X 256 colors minimum resolution.
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—————————— 
Gridding Report 
—————————— 
 
Wed Jan 13 12:07:35 2010 
Elasped time for gridding:  17.0 seconds 
 
 
Data Source 
 
Source Data File Name:  D:\GIS_Projects\008898_HDR ENGINEERING\0130886_HDR 
VA-FB-RIVANNA BATH SURVEY\Surfer\qsel_BotElev_Beam1.xlsx (sheet 'qsel_BotElev_Beam1') 
X Column:  C 
Y Column:  D 
Z Column:  G 
 
 
Data Counts 
 
Active Data: 56845 
 
Original Data: 56881 
Excluded Data: 0 
Deleted Duplicates: 36 
Retained Duplicates: 9 
Artificial Data: 0 
Superseded Data: 0 
 
 
Exclusion Filtering 
 
Exclusion Filter String: Not In Use 
 
 
Duplicate Filtering 
 
Duplicate Points to Keep: First 
X Duplicate Tolerance: 0.0021         
Y Duplicate Tolerance: 0.0016         
 
Deleted Duplicates: 36 
Retained Duplicates: 9 
Artificial Data: 0 
 
———————————————————————————————————————————— 
X Y Z ID Status 
———————————————————————————————————————————— 
11475294       3934513.6      376.56629      9550       Retained 
11475294       3934513.6      376.57679      9551       Deleted 
11475294       3934513.6      376.68329      9552       Deleted 
11475294       3934513.6      376.83473      9553       Deleted 



 
11475319       3934491.8      377.2113       9537       Retained 
11475319       3934491.8      377.0913       9538       Deleted 
 
11477610       3932531.3      371.53595      11827      Retained 
11477610       3932531.3      371.06022      11828      Deleted 
 
11477708       3932592.1      371.87202      11891      Retained 
11477708       3932592.1      369.78951      11897      Deleted 
11477708       3932592.1      369.94401      11896      Deleted 
11477708       3932592.1      370.35372      11895      Deleted 
11477708       3932592.1      370.86551      11894      Deleted 
11477708       3932592.1      371.18502      11893      Deleted 
11477708       3932592.1      371.47452      11892      Deleted 
 
11478002       3932907.9      371.93893      1428       Retained 
11478002       3932907.9      371.66792      1429       Deleted 
 
11486240       3921552.1      352.26385      5901       Retained 
11486240       3921552.1      352.18363      5903       Deleted 
11486240       3921552.1      352.1976       5902       Deleted 
11486240       3921552.1      352.2001       5904       Deleted 
11486240       3921552.1      352.21947      5905       Deleted 
11486240       3921552.1      352.2451       5906       Deleted 
 
11489997       3923765.3      372.99701      44072      Retained 
11489997       3923765.3      371.37201      44075      Deleted 
11489997       3923765.3      371.95951      44074      Deleted 
11489997       3923765.3      372.49701      44073      Deleted 
 
11490042       3923812.6      368.69707      44451      Retained 
11490042       3923812.6      368.90332      44452      Deleted 
11490042       3923812.6      369.12207      44453      Deleted 
11490042       3923812.6      369.52832      44454      Deleted 
11490042       3923812.6      370.13457      44455      Deleted 
11490042       3923812.6      370.81582      44456      Deleted 
11490042       3923812.6      371.60957      44457      Deleted 
11490042       3923812.6      372.24082      44458      Deleted 
11490042       3923812.6      372.85332      44459      Deleted 
11490042       3923812.6      373.32832      44460      Deleted 
11490042       3923812.6      373.83457      44461      Deleted 
11490042       3923812.6      374.21581      44462      Deleted 
11490042       3923812.6      374.55331      44463      Deleted 
11490042       3923812.6      374.94706      44464      Deleted 
11490042       3923812.6      375.30764      44465      Deleted 
 
11490063       3922848.1      373.49514      42633      Retained 
11490063       3922848.1      373.55764      42634      Deleted 
11490063       3922848.1      373.58264      42635      Deleted 
———————————————————————————————————————————— 
 
 
Breakline Filtering 
 
Breakline Filtering: Not In Use 



 
 
Data Counts 
 
Active Data: 56845 
 
 
Univariate Statistics 
 
———————————————————————————————————————————— 
 X Y Z 
———————————————————————————————————————————— 
 Count:                  56845 56845 56845 
 
 1%%-tile:               11474906.9565 3920920.0425 342.055593789 
 5%%-tile:               11476040.6855 3921238.25688 346.103877358 
10%%-tile:               11478716.7916 3921619.12188 348.796993663 
25%%-tile:               11482721.0274 3922618.35688 358.176932095 
50%%-tile:               11486408.744 3924479.88933 369.683158993 
75%%-tile:               11488425.5025 3928767.507 376.058933989 
90%%-tile:               11490838.3669 3933279.705 378.333144136 
95%%-tile:               11491196.6888 3934024.36133 378.902095523 
99%%-tile:               11491896.1506 3934516.1255 379.698816768 
 
Minimum:                 11474087.0425 3920732.481 340.172686439 
Maximum:                 11492152.9869 3934642.80526 382.383203766 
 
Mean:                    11485557.2287 3925976.26851 366.58735765 
Median:                  11486408.744 3924479.88933 369.683158993 
Geometric Mean:          11485556.4459 3925973.97615 366.424149888 
Harmonic Mean:           11485555.6629 3925971.68507 366.258688772 
Root Mean Square:        11485558.0115 3925978.56216 366.748260051 
Trim Mean (10%%):        11485789.4722 3925784.01697 367.145685729 
Interquartile Mean:      11486102.555 3924773.53231 368.934004713 
Midrange:                11483120.0147 3927687.64313 361.277945102 
Winsorized Mean:         11485738.1152 3925942.8365 366.839555465 
TriMean:                 11485991.0045 3925086.41064 368.400546018 
 
Variance:                17980282.6859 18009911.5231 117.997537441 
Standard Deviation:      4240.31634267 4243.80861057 10.8626671421 
Interquartile Range:     5704.4751316 6149.150125 17.8820018941 
Range:                   18065.944375 13910.3242632 42.2105173279 
Mean Difference:         N/A N/A N/A 
Median Abs. Deviation:   2636.048375 2314.92119299 7.48134256488 
Average Abs. Deviation:  3192.69173174 3377.30486785 8.98107261838 
Quartile Dispersion:     0.000248332190306 0.000783192958748 0.0243545742181 
Relative Mean Diff.:     N/A N/A N/A 
 
Standard Error:          17.784928449 17.7995758785 0.0455606945981 
Coef. of Variation:      0.000369186819431 0.00108095625656 0.0296318651351 
Skewness:                -0.772706112353 0.777809887234 -0.674073712495 
Kurtosis:                3.1044379412 2.2113375059 2.23212244445 
 
Sum:                     652896500668 223172120984 20838658.3456 
Sum Absolute:            652896500668 223172120984 20838658.3456 



Sum Squares:             7.49888114494e+018 8.7616947453e+017 7645896151.92 
Mean Square:             1.31918042835e+014 1.54133076705e+013 134504.286251 
———————————————————————————————————————————— 
 
 
Inter-Variable Covariance 
 
———————————————————————————————— 
 X Y Z 
———————————————————————————————— 
X:  17980283 -14127818 -30045.754 
Y:  -14127818 18009912 24623.371 
Z:  -30045.754 24623.371 117.99754 
———————————————————————————————— 
 
 
Inter-Variable Correlation 
 
———————————————————————————————— 
 X Y Z 
———————————————————————————————— 
X:  1.000 -0.785 -0.652 
Y:  -0.785 1.000 0.534 
Z:  -0.652 0.534 1.000 
———————————————————————————————— 
 
 
Inter-Variable Rank Correlation 
 
———————————————————————————————— 
 X Y Z 
———————————————————————————————— 
X:  1.000 -0.599 -0.719 
Y:  -0.599 1.000 0.550 
Z:  -0.719 0.550 1.000 
———————————————————————————————— 
 
 
Principal Component Analysis 
 
———————————————————————————————————————— 
 PC1 PC2 PC3 
———————————————————————————————————————— 
X:       0.707476104588 0.707476104588 0.00155559365425 
Y:       0.706736561963 0.706736561963 -0.000146930614205 
Z:       -0.000996705318407 -0.000996705318407 -0.000146930614205 
 
Lambda:  32122968.943 3867275.62298 67.6405646868 
———————————————————————————————————————— 
 
 
Planar Regression: Z = AX+BY+C 
 



Fitted Parameters 
———————————————————————————————————————— 
 A B C 
———————————————————————————————————————— 
Parameter Value:  -0.00155558142904 0.000146941321393 17656.4187442 
Standard Error:   1.31345556638e-005 1.3123747121e-005 193.951875275 
———————————————————————————————————————— 
 
Inter-Parameter Correlations 
———————————————————————————— 
 A B C 
———————————————————————————— 
A: 1.000 0.785 -0.986 
B: 0.785 1.000 -0.876 
C: -0.986 -0.876 1.000 
———————————————————————————— 
 
ANOVA Table 
——————————————————————————————————————————————
—————— 
Source  df  Sum of Squares  Mean Square F  
——————————————————————————————————————————————
—————— 
Regression: 2 2862482.37196 1431241.18598 21158.713586 
Residual:   56842 3844969.64632 67.6431097836 
Total:      56844 6707452.01828 
——————————————————————————————————————————————
—————— 
 
Coefficient of Multiple Determination (R^2):  0.426761513039 
 
 
Nearest Neighbor Statistics 
 
————————————————————————————————— 
 Separation |Delta Z| 
————————————————————————————————— 
 1%%-tile:               0.449776420015 0.00187416799798 
 5%%-tile:               1.4116403645 0.011874167997 
10%%-tile:               1.96734314767 0.023603773179 
25%%-tile:               2.98820121496 0.064999167996 
50%%-tile:               3.72937293664 0.175578115366 
75%%-tile:               4.20037089092 0.382756520938 
90%%-tile:               4.65625964823 0.681250832003 
95%%-tile:               4.88933852869 0.901111943114 
99%%-tile:               5.15370747937 1.477499168 
 
Minimum:                 0.009145524633 8.32002001516e-007 
Maximum:                 17.7303729515 10.493750832 
 
Mean:                    3.49809141331 0.283432779337 
Median:                  3.72937293664 0.175578115366 
Geometric Mean:          3.24537331822 0.138458589317 
Harmonic Mean:           2.44050693723 0.000210256600719 
Root Mean Square:        3.65086715605 0.441659277687 



Trim Mean (10%%):        3.55475420893 0.242345795064 
Interquartile Mean:      3.67153276057 0.190673709635 
Midrange:                8.86975923809 5.246875832 
Winsorized Mean:         3.5376882375 0.248859606671 
TriMean:                 3.66182949479 0.199727979917 
 
Variance:                1.09220666901 0.114730795474 
Standard Deviation:      1.04508691936 0.338719346176 
Interquartile Range:     1.21216967596 0.317757352942 
Range:                   17.7212274269 10.49375 
Mean Difference:         N/A N/A 
Median Abs. Deviation:   0.575605349491 0.131827283363 
Average Abs. Deviation:  0.780182249544 0.211147556864 
Quartile Dispersion:     0.168624541579 0.709666813388 
Relative Mean Diff.:     N/A N/A 
 
Standard Error:          0.00438335128365 0.00142067215019 
Coef. of Variation:      0.298759179186 1.19506059591 
Skewness:                -0.740128726244 4.34808306745 
Kurtosis:                4.77572862586 60.8169702474 
 
Sum:                     198849.00639 16111.7363414 
Sum Absolute:            198849.00639 16111.7363414 
Sum Squares:             757677.397691 11088.3515491 
Mean Square:             13.3288309911 0.195062917567 
————————————————————————————————— 
 
Complete Spatial Randomness 
 
Lambda:           0.000226200910224 
Clark and Evans:  0.10522242928 
Skellam:          1076.8582721 
 
 
Gridding Rules 
 
Gridding Method:  Kriging 
Kriging Type:  Point 
 
Polynomial Drift Order:  0 
Kriging std. deviation grid:  no 
 
Semi-Variogram Model 
Component Type:  Linear 
Anisotropy Angle:  0 
Anisotropy Ratio:  1 
Variogram Slope:  1 
 
Search Parameters 
Search Ellipse Radius #1: 260 
Search Ellipse Radius #2: 260 
Search Ellipse Angle:     0 
 
Number of Search Sectors: 4 
Maximum Data Per Sector:  16 



Maximum Empty Sectors:    3 
 
Minimum Data:             8 
Maximum Data:             64 
 
Fault Filename:  D:\GIS_Projects\008898_HDR ENGINEERING\0130886_HDR 
VA-FB-RIVANNA BATH SURVEY\Surfer\ShorelineFaultLine_IslandsOnlyEDT.bln 
Number of Traces:  3          
Number of Vertices:  61         
 
 
Output Grid 
 
Grid File Name:  D:\GIS_Projects\008898_HDR ENGINEERING\0130886_HDR 
VA-FB-RIVANNA BATH SURVEY\Surfer\qsel_BotElev_Beam1_krg_32ft_260ft.grd 
Grid Size:  437 rows x 566 columns 
Total Nodes: 247342 
Filled Nodes: 29841 
Blanked Nodes: 217501 
Blank Value: 1.70141E+038 
 
Grid Geometry 
 
X Minimum: 11474080 
X Maximum: 11492160 
X Spacing: 32 
 
Y Minimum: 3920704 
Y Maximum: 3934656 
Y Spacing: 32 
 
 
Univariate Grid Statistics 
 
—————————————————————————————— 
 Z 
—————————————————————————————— 
 Count:                  29841 
 
 1%%-tile:               344.257940121 
 5%%-tile:               351.87037241 
10%%-tile:               359.036689316 
25%%-tile:               370.147687283 
50%%-tile:               375.343665838 
75%%-tile:               378.181855242 
90%%-tile:               379.267420744 
95%%-tile:               379.843172102 
99%%-tile:               381.151378653 
 
Minimum:                 340.275242156 
Maximum:                 382.992890324 
 
Mean:                    372.341595995 
Median:                  375.343665838 
Geometric Mean:          372.241284808 



Harmonic Mean:           372.138231344 
Root Mean Square:        372.439233568 
Trim Mean (10%%):        373.289793719 
Interquartile Mean:      375.014830282 
Midrange:                361.63406624 
Winsorized Mean:         373.045758871 
TriMean:                 374.75421855 
 
Variance:                72.7210291621 
Standard Deviation:      8.52766258491 
Interquartile Range:     8.03416795945 
Range:                   42.7176481673 
Mean Difference:         N/A 
Median Abs. Deviation:   3.30437965598 
Average Abs. Deviation:  5.75611955283 
Quartile Dispersion:     0.0107361362914 
Relative Mean Diff.:     N/A 
 
Standard Error:          0.0493654751942 
Coef. of Variation:      0.0229027932324 
Skewness:                -1.69697130583 
Kurtosis:                5.33387747529 
 
Sum:                     11111045.5661 
Sum Absolute:            11111045.5661 
Sum Squares:             4139274434.76 
Mean Square:             138710.9827 
—————————————————————————————— 
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