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EL DORADO LAKE HYDROGRAPHIC SURVEY REPORT

INTRODUCTION

The Oklahoma Water Resources Board (OWRB) conducted a hydrographic survey of El Dorado Lake from November to December in 2004.  The purpose of the study was to collect hydrographic data of El Dorado Lake and convert this information into an area-elevation-volume table at the conservation pool elevation.  The information produced will serve as a base to establish the location and rate of sedimentation in the conservation pool for future surveys.  The United States Army Corps of Engineers (USACE) reservoir elevation gauge at El Dorado Dam is reported in National Geodetic Vertical Datum 29 (NGVD 29).  All vertical elevations referenced are reported as NGVD 29.

El Dorado Lake is located on the Walnut River, a tributary of the Arkansas River in Butler County, approximately two miles northeast of El Dorado, Kansas.  A general location map of El Dorado Lake is shown on the following page as Figure 1.  The facility is multipurpose with the major uses of flood control, water quality, water supply, fish and wildlife management and recreation.  The U.S. Government owns the dam, and the operation and regulation of the facility is the responsibility of the USACE, Tulsa District.  This project is operated in conjunction with the other flood protection project at Winfield, Kansas for the Walnut River and in conjunction with Cheney Lake on the Ninnescah River and Kaw Lake on the Arkansas River.  El Dorado Lake is also operated for optimal flood control benefits as part of the Arkansas River System.

LAKE HISTORY AND PERTINENT INFORMATION

Background

The Flood Control Act of 1965 authorized El Dorado Lake for construction.  Public Law No. 89-298, HD 232, 89th Congress 1st Session recommended that El Dorado Lake be a multipurpose project.  The structure was altered to a limited-service spillway with flood control conduit during planning and design.  This design allows for fewer occurrences of large releases and flood protection to the downstream City of El Dorado.  Work began on the project buildings, access roads and overlook in October 1973.  Dam, spillway, and outlet works construction started in October 1975.  Diversion began in October 1979.  Final storage began in June 1981 and the conservation pool filled in February 1985 (USACE, 2001).  

El Dorado Lake is located in the Osage Plains section of the Central Lowlands physiologic province, which features native grasses, sumac, buckbrush, and other shrubs. The lake provides many attractive areas for water-oriented activities such as camping, picnicking, swimming, fishing, boating, and hunting. Four recreational areas 
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Figure 1: Location Map for El Dorado Lake. 
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Figure 2: Recreation Area Location Map for El Dorado Lake.

are located near the lake: Walnut River, Boulder Bluff, Shady Creek Park, and Bluestem Point.  The Lost Lake area was intended for future development but was absorbed into the wildlife management area.  Facilities including surfaced roads, parking areas, boat ramps, camping and picnicking units, sanitation, and potable water at the four public areas are operated and maintained by the Kansas Department of Wildlife and Parks (KDWP) (USACE, 2005).

Tributaries of El Dorado Lake include the East Branch of the Walnut River, Bemis Creek, Satchel Creek, Cole Creek, and Durechen Creek.  The East Branch of the Walnut River, the major tributary to El Dorado Lake, flows in an open and flat valley, which carves steep and narrow areas along the valley walls.

A majority of the rural lands in the drainage basin of El Dorado Lake are devoted to agricultural purposes, primarily for crop production of wheat, alfalfa, grain sorghum, corn, soybeans, and cotton.  The USACE granted responsibility to the KDWP to manage the fisheries and wildlife resources of the area. There are approximately 6,000 acres of land available for public hunting and approximately 2,000 acres are within the state park Figure 2.  Approximately 4,000 acres are developed as park or recreation areas (KDWP, 2005).
Water Supply

The City of El Dorado holds a contract with the USACE, Tulsa District for 142,900 ac-ft of storage from the conservation pool of the lake.  Conservation storage includes 33.450 ac-ft for water quality control (USACE, 2001).
Outlet Works

El Dorado dam is a rolled earth fill structure.  Table 1 lists some of the relevant details of the dam and outlet works.  The earthen embankment has an impervious core with rock-protected upstream slopes and native grass downstream slopes for erosion control.  The embankment including the spillway consists of three sections: main embankment, right abutment dike, and left abutment dike, which have a combined length of 20,850 ft.  The main embankment is 10,100 ft long and the top of the dam is at elevation 1370.5 ft, resulting in a maximum height above streambed of about 99 ft.  The right abutment dike is approximately 32 ft wide and 3,450 ft in length.  The left abutment dike is approximately 7,300 ft in length, which includes the spillway.  Approximately 3,200 ft of the left abutment dike from main embankment to spillway has a crest width of 32 ft.  The left, right abutment dike and upstream dikes consist of impervious material, while the downstream slope is random fill with native grasses on the downstream and upstream slopes.  The left abutment dike to the end of the dam has a crest width of 32 ft.  This area is constructed of random fill material vegetated with native grasses on the crest, downstream, and upstream slopes.  

The earthen emergency spillway is an uncontrolled chute type excavated through the left abutment approximately 2 miles east of the river channel.  The structure has a width of 350 ft and a crest elevation of 1353.0 ft and is protected by a 15-foot-wide concrete sill.  The emergency spillway channel discharges into Bird Creek, a tributary of the Walnut River. 

Table 1: El Dorado Dam and El Dorado Pertinent Data.
Owner of El Dorado Dam and Facilities


United State of America

Operator of El Dorado Dam and Facilities


U.S. Army Corps of Engineers, Tulsa District

Engineer


U.S. Army Corps of Engineers (Design)

Location


On Walnut River, a tributary of the Arkansas River in Butler County,


approximately two miles northeast of El Dorado, Kansas.

Drainage Area


234 square miles (Above El Dorado dam site)

Embankment


Location


Walnut River, river mile 114.7


Type


Earthfill


Length


20,850 ft (including spillway)


Elevation


1370.5 ft


Maximum Height


99.0 ft


Elevation of streambed

1271.5 ft

Right Abutment Dike


Type


Earthfill


Height


20 ft


Length


3,450 ft


Top Elevation


1370.5 ft


Crest Width


32 ft

Left Abutment Dike


Type


Earthfill


Height


20 ft


Length


7,300 ft


Top Elevation


1370.5 ft


Crest Width


32 ft

Spillway

Location


Left Abutment


Type


Uncontrolled broad-crested weir 


Net overflow length


350 ft


Crest Elevation


1353.0 ft

Outlet Works


Type


Concrete oblong conduit


Inlet invert elevation


1279.0 ft


Outlet invert elevation

1275.0 ft


Size


11.5 foot wide by 15.75 foot high


Control


Hydraulic wheel gates


Type


Rectangular sluice


Entrance invert elevation

1302.0 ft


Multilevel intake elevaton

1290.5, 1309.0, and 1327.0 ft


Number and Size of outlets
1 – 2’ x 3’


Control

Slide gates


Type


1 Water supply outlet


Size


36-in diameter pipe (intake from wet well)


Invert elevation

1274.0 ft (due to wet well intake lowest usable elevation is 1290.5)


Control

Slide gate

The outlet works consist of a 15.75 ft by 11.5 ft reinforced concrete conduit located in the main embankment.   The inlet is at invert elevation 1279.0 ft, and the outlet is at invert elevation 1275.0 ft.  The conduit discharges directly into a concrete stilling basin that is connected to the downstream river by a riprap lined channel approximately 1,000 ft in length. Hydraulic service and emergency wheel gates are installed in two 5.5 ft by 15.75 ft passageways.  Dual wet wells with three 3x4-ft slide gates in each at invert elevation 1290.5, 1309.0, and 1327.0 ft make up the intake structure.  For low flow releases from the wet well, a 2x3-ft gated conduit in the splitter pier is used.

A 36-inch pipe with an intake from the wet well constitutes the water supply facilities.  The 36-inch water supply pipe has a slide gate operated at invert elevation 1274.0 ft.  However, the lowest usable elevation is 1290.5 due to the wet well intakes.  This pipe is located under the conduit through the embankment and links into the City of El Dorado water supply line downstream.

Lake Design Specifications

From the original design for El Dorado Lake at conservation pool 1339.0 ft indicated a surface area of 8,000 acres and a cumulative capacity of 154,100 ac-ft with a drainage area of 234 square miles.  The top of the inactive pool at elevation 1296.0 ft had a surface area of 420 acres and a capacity of 2,900 ac-ft.  The top of the flood control pool at elevation 1347.5 ft indicated a surface area of 10,740 acres and a cumulative storage of 236,200 ac-ft (USACE, 1969).  

Based on the 1989 sedimentation survey data, El Dorado Lake had an area of 8,400 acres and a capacity of 161,930 ac-ft at the top of conservation pool elevation 1339.0 ft.  Conservation storage, between elevations 1296.0-1339.0 ft indicated a surface area of 7,949 acres and a capacity of 159,950 ac-ft.  The top of the inactive pool at elevation 1296.0 ft had a surface area of 451 acres and a capacity of 1,980 ac-ft.  The top of the flood pool at elevation 1347.5 ft indicated a surface area of 11,978 acres and a cumulative capacity of 246,825 ac-ft (USACE, 2001).  

Published in the USACE 2001 report, El Dorado Lake had a cumulative area of 7,997 acres and a cumulative capacity of 157,050 ac-ft at the top of conservation pool elevation 1339.0 ft.  Conservation storage, between elevations 1296.0-1339.0 ft indicated a surface area of 7,577 acres and a capacity of 154,089 ac-ft.  The top of the inactive pool at elevation 1296.0 ft had a surface area of 420 acres and a capacity of 2,961 ac-ft.  The top of the flood pool at elevation 1347.5 ft indicated a surface area of 10,740 acres and a cumulative capacity of 236,264 ac-ft (USACE, 2001).

HYDROGRAPHIC SURVEYING PROCEDURES

Surveying Technology

The Hydro-survey vessel was an 18-ft aluminum Silverstreak hull with cabin, powered by a single 115-Horsepower Mercury outboard motor.  Equipment used to conduct the survey included: a ruggedized notebook computer; Ocean Data Equipment Corporation (ODEC) Bathy 1500 Echo Sounder; Trimble Navigation, Inc. Pro XR GPS and Geo XT Wide Area Augmentation System (WAAS) receiver with differential global positioning system (DGPS) correction; and an Odom Hydrographics, Inc, DIGIBAR-Pro Profiling Sound Velocimeter.  A 12V battery and inverter provided the power supply to the equipment.  

The echo sounder, GPS, and survey vessel were integrated to provide an efficient hydrographic surveying system.  The hydrographic survey consisted of four successive procedures.  These include setup, field surveying, post-processing of the collected data, and GIS application.  As the boat travels across the lake surface on pre-plotted transect lines, the echo sounder gathers approximately eight readings per second along the lake bottom.  The depth readings are stored on the survey vessel’s on-board computer along with the positional data generated from the boat’s GPS receiver.  The daily data files collected are downloaded from the computer and brought to the office for editing after the survey is completed.  During editing, data “noise” is removed or corrected, and average depths are converted to elevation readings based on the daily-recorded lake level elevation on the day the survey was performed.  Accurate estimates of area-capacity are determined for the lake by building a 3-D triangulated irregular network (TIN) model of the reservoir from the collected data.  The application of this new technology allows for accurate determinations of lake volume.

Pre-survey Technology

Boundary File

The El Dorado Lake boundary file was created by on-screen digitizing from digital ortho quarter-quadrangles (DOQQs), which are rectified aerial photography.  Two sources of DOQQs were used. The 2003 Natural Resources Conservation Service (NRCS) color DOQQs and the 2000 NRCS black and white DOQQs. The 2003 NRCS color DOQQs had eight quarter-quads that covered the extent of the lake.  The lake level on the photo date ranged between 1338.96-1338.93 ft.  The photo dates were compared to the USACE lake level web site to verify the lake elevation on that date (USACE, 2004).  The normal pool elevation of El Dorado Lake is 1339.0 ft.  Table 2 shows the data and lake elevation when each quarter-quad was taken for the 2003 data.

Table 2: Digital Ortho Quarter-Quadrangles Used for Creating Lake Boundary File.

	2003 DOQQs #
	Date
	Elevation (ft)

	n3709602_ne2_20030704.tif
	20030704
	1338.93

	n3709602_se2_20030704.tif
	20030704
	1338.93

	n3709602_sw2_20030703.tif
	20030703
	1338.96

	n3709603_nw2_20030704.tif
	20030704
	1338.93

	n3709603_sw2_20030704.tif
	20030704
	1338.93

	n3709610_ne2_20030704.tif
	20030704
	1338.93

	n3709610_nw2_20030703.tif
	20030703
	1338.96

	n3709611_nw2_20030704.tif
	20030704
	1338.93


The 2003 DOQQs were used for the digitizing because the lake level was closest to the normal pool elevation of 1339.0 ft, and the 2000 DOQQs photo dates and lake level elevations are unknown.  The limitation with the 2003 DOQQs is that the photos were taken in the summer during leaf-on conditions.  This can make it difficult to determine the exact location of the shoreline where there are overhanging trees and vegetation. The advantage of the color photos is that water can easily be separated from other features.  The 2000 DOQQs were used as a reference to digitize areas of shoreline that were covered with vegetation and when additional shoreline verification was needed.

The digitized boundary of El Dorado Lake was produced from the DOQQ of Butler County, Kansas at a scale of 1:1,500.  The reservoir boundary was digitized in State Plane Coordinates (Kansas South).  USGS Digital Raster Graphs (DRG) 1:24K were used to determine the lake/stream confluence.  The 1340.0 ft elevation contour was used on all inlets except for Bemis Creek and Shady Creek where insufficient elevation data existed to determine the confluence locations.  The decision was made to place the Bemis Creek and Shady Creek cutoffs at the East edge of Section 26, Township 25S, Range 06E.

Setup

HYPACK software from Hypack Inc. was used to assign geodetic parameters, import background files, and create virtual track lines (transects).  The geodetic parameters assigned were State Plane NAD 83 Zone KS-1502 Kansas South and distance units and depth as US Survey Feet.  The color DOQQs were imported into the project as .tif images.  The survey transects were spaced according to the accuracy required for the project.  The survey transects within the digitized reservoir boundary were at 500-ft increments and ran perpendicular to the original stream channels and tributaries.  Approximately 165 virtual transects were created for the El Dorado project not including channel track lines, which were created after the initial surveying of the lake transects.

Twenty-nine sediment ranges are established in and above the lake area (USACE, 1981).  The X, Y location information for the sediment and degradation lines was imported into ARC GIS to create a point coverage (USACE, 1989).  The data points for the sediment ranges were then imported into Hypack to create planned lines.

Surveying Methods

The procedures followed by the OWRB during the hydrographic survey adhere to USACE standards (USACE, 2002).  The quality control and quality assurance procedures for equipment calibration and operation, field survey, data processing, and accuracy standards are presented in the following sections. 

Equipment Calibration and Operation

While on board the Hydro-survey vessel, the ODEC Bathy 1500 Echo Sounder with a depth resolution of 0.1 ft was calibrated using A DIGIBAR-Pro Profiling Sound Velocimeter, by Odom Hydrographics.  The unit measures the variation in the speed of sound at different depths throughout the water column.  The factors that influence the speed of sound: depth, temperature, and salinity, are all taken into account.  

The method involved lowering the probe in the water to the calibration depth mark to allow for acclimation and calibration of the depth sensor.  The unit was then raised to as close to the water’s surface as possible, gradually lowered at a controlled speed to a depth just above the lake bottom, and finally was raised again to the surface.  The unit collected sound velocity measurements in ft/sec at one-ft increments on both the deployment and retrieval phases.  The data was then reviewed for any erroneous readings, if any occurred they were edited out of the sample, and an averaged speed of sound was produced from the final readings.  The averaged speed of sound was entered into the Bathy 1500 echo sounder.  The depth was then checked manually with a weighted measuring tape to ensure that the echo sounder was properly calibrated and operating correctly.  

The average speed of sound in the water column ranged from 4,674 ft/sec to 4,825 ft/sec during the El Dorado Lake survey.  The sound velocity profiles for each date are shown in Appendix B.

A quality assurance cross-line check was undertaken on intersecting (cross-section) lake transect lines and channel track lines to verify compliance with the resultant depth accuracy (95%) of (2.0 ft.  HYPACK Cross Statistics program was used to assess vertical accuracy and confidence measures of acoustically recorded depths.  The program reads the cross-section profile data and longitudinal profile data, computes the intersection, and interpolates a depth from each input file (USACE, 2002).  For each cross-section the output file will list the horizontal intersection, the interpolated depths, absolute difference in depth reading, mean difference, and standard deviation.  A total of 126 cross-sections were used for statistical analysis to compute error estimates.  

The maximum allowable bias for general surveys and studies is ( 0.5 ft.  Biases are often referred to as systematic or external errors and may contain observational errors (USACE, 2002).  Examples of bias include a bar check calibration error, tidal errors, or erroneous squat corrections.  Random errors are the errors that are present in the measurement system that cannot be easily minimized by further calibration.  Examples of random error include uneven bottom topography, bottom vegetation, positioning error, and speed of sound variation in the water column.  The depth accuracy estimate is determined from actual depth comparisons taken over the same terrain and computing the mean difference (MD) which are considered bias errors and the standard deviation (SD) which are considered random errors between single-beam cross-line check comparisons.  The two estimates are then combined to compute the Root Mean Square (RMS) error.  The RMS error estimate is used to compare relative accuracies of estimates that differ substantially in bias and precision (USACE, 2002).  

A mean difference of -0.35 ft and a standard deviation of 0.69 ft were computed.  Using the following formulas, 
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where:


SE 
= standard error

SD 
= standard deviation

n 
= number of data points

RMS
= root mean square error

MD
= mean difference
a 95% depth accuracy of (0.70 ft was calculated.  To more precisely determine the mean, a larger sampling of observations would be required.

The data plotted in Figure 3 illustrates that the measurements have high precision, high repeatability, and high absolute accuracy.  It must be noted that high precision or repeatability does not necessarily indicate high accuracy.  Tightly scattered data may be highly accurate, whereas highly repeatable data could have large undetected biases (USACE, 2002).  These error estimates likely represent the outer limits of the survey error.  This would be due to the bias included by the data set: the majority of cross-sections occurred within creek channels, where the sharpest changes in depth and likely the greatest possibility of error exist.  Were there a higher percentage of data collected from cross-sections away from the creek channels the error estimate would likely be less than reported.  
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Figure 3: Histogram of relative depth distribution, in standard deviations, at cross-line intersections.

In addition to depth accuracy estimate, error was also estimated for squat.  Squat is defined as the change in vessel trim as it moves through the water.  Squat corrections are considered positive due to the transducer depressing into the water at acceleration.  The estimated error for squat was +0.25 ft.  When combined, the two factors give a range of -0.43 to +0.93 ft.  

The GPS system is an advanced high performance geographic data-acquisition tool that uses DGPS to provide sub-meter positional accuracy on a second-by-second basis.  Potential errors are reduced with differential GPS because additional data from a reference GPS receiver at a known position are used to correct positions obtained during the survey.  Before the survey, Trimble’s Pathfinder Controller software was used to configure the GPS receiver.  To maximize the accuracy of the horizontal positioning, the horizontal mask setting was set to 15 degrees and the Position Dilution of Precision (PDOP) limit was set to six.  The position interval was set to one second and the Signal to Noise Ratio (SNR) mask to four. The United States Coast Guard (USCG) reference station used in the El Dorado survey is located near Kansas City, Missouri.  The reference beacon system transmitted corrected signals in real time, so no post-processing corrections of position data were needed.  The collected DGPS positions were converted to state-plane coordinate system using the HYPACK program.

At the end of the survey, a position verification of the GPS was performed using monument HF1195 – BOYER AZ MK 2 (-96.9009410472, 37.7956301556), NAD 83.  Both the Trimble ProXR and GeoXT unit were positioned directly on the monument while collecting Latitude and Longitude coordinates.  When the points are averaged, they were within 2.51 ft (ProXR) and 4.45 ft (GeoXT) of the monument.  The X, Y coordinates and map of the GPS monument are shown in Appendix A.

A latency test was performed to determine the fixed delay time between the GPS and single beam echo sounder.  The timing delay was determined by running reciprocal survey lines over a channel bank.  The raw data files were downloaded into HYPACK, LATENCY TEST program.  The program varies the time delay to determine the “best fit” setting.  A position latency of 0.80 seconds was produced and adjustments were applied to the raw data in the EDIT program.

Field Survey

Data collection for El Dorado Lake occurred from late October to early December 2004.  The water level elevations during the data collection process varied from 1338.23 ft on October 27, 2004 to 1339.0 ft on December 13, 2004 (USACE, 2004).  Lake levels on sampled dates are shown in Table 3.

Data collection began in the Bluestem Cove area, then the El Dorado Cove area, and finally in the main body of the reservoir.  Data were collected on parallel transect lines on 500 ft intervals that ran perpendicular to the streambed and cove areas.  Shoreline data were collected in two or three ft of water depth (or as close as the boat allows) offshore where applicable.  Areas with depths less than the minimum depth limit of the boat were avoided.  Once the entire lake had been surveyed, Hypack software was used to view the collected data and determine the location of the thalweg for each creek. Channel track lines for East Branch of Walnut River, Bemis, Satchel, Durechen, and Cole Creek channels were then created and surveyed.  The addition of this method allowed for the best delineation of the creek channels. If data were collected on 500-ft increment transects alone, this critical detail would be missing.

Table 3: Summary of Lake Elevations during Data Collection.

	Date
	Elevation (ft) 0800 hours
	Elevation (ft) 1200 hours
	Elevation (ft) 1400 hours
	Elevation (ft) 1600 hours
	Averaged (ft)

	10/27/04
	1338.23
	1338.23
	1338.23
	1338.24
	1338.23

	11/04/04
	1338.35
	1338.36
	1338.35
	1338.35
	1338.35

	11/05/04
	1338.34
	1338.31
	1338.32
	1338.32
	1338.32

	11/08/04
	1338.34
	1338.32
	1338.32
	1338.32
	1338.32

	11/09/04
	1338.31
	1338.30
	1338.30
	1338.31
	1338.31

	11/10/04
	1338.29
	1338.36
	1338.39
	1338.40
	1338.36

	11/17/04
	1338.44
	1338.46
	1338.46
	1338.46
	1338.46

	11/18/04
	1338.46
	1338.46
	1338.46
	1338.46
	1338.46

	11/19/04
	1338.46
	1338.46
	1338.46
	1338.46
	1338.46

	12/01/04
	1338.88
	1338.88
	1338.88
	1338.88
	1338.88

	12/02/04
	1338.89
	1338.89
	1338.89
	1338.88
	1338.89

	12/03/04
	1338.89
	1338.87
	1338.89
	1338.88
	1338.88

	12/06/04
	1338.94
	1338.94
	1338.95
	1338.95
	1338.95

	12/07/04
	1338.96
	1338.96
	1338.97
	1338.96
	1338.96

	12/08/04
	1338.98
	1338.95
	1338.96
	1338.97
	1338.97

	12/13/04
	1338.99
	1339.00
	1339.00
	1339.00
	1339.00

	12/14/04
	1338.98
	1338.98
	1338.98
	1338.98
	1338.98


The crew was able to collect data on 149 of the 165 pre-plotted transect lines.  For both the pre-plotted transects and channel track lines approximately 2,657,702 data points were collected while traversing a total of 317 US nautical miles.  The data points were stored on the boat’s computer in 632 data files.  Approximately 22 of the 29 sedimentation range lines were located within the lake boundary.  Range lines located outside of the lake boundary were not surveyed.  From the sedimentation benchmark coordinates provided, it was noted that line SR-27A was not located in the correct area of the lake (USACE, 1989).  Only 18 of the 22 sediment range lines were surveyed because of the shallow conditions existing in the upper reaches of the Bemis, Satchel, and Durechen Creek arms of the lake.  A map showing historical sediment range lines in reference to collected data points, and the x, y coordinates for the sediment range lines is provided in Appendix E.

Due to narrow channels and stumps in the backwater areas of the East Branch of the Walnut River, data lines were recorded in a zigzag pattern.  This method is a way to record data when maneuverability is low.  Data was collected in the Bemis, Satchel, Durechen and Cole creek arms until the boat could no longer navigate in the shallow waters.  Very little data was collected past where State Highway 177 crosses the Bemis and Satchel creek arms due to shallow conditions.  A large sandbar was observed in Durechen and Cole Cove areas of the lake, which resulted in very little data being collected in the uppermost reaches.  Large numbers of stumps were encountered throughout the survey.  Shallow underwater hazards such as old roads were encountered off of Bluestem, El Dorado, and Chelsea Point.

Data Processing

The collected data was downloaded from the field computer onto the OWRB computer network and data burned to a CD as a permanent record.  After downloading the data, each raw data file was reviewed for accuracy and completeness using the EDIT program within HYPACK.  The EDIT program allows the user to assign transducer offsets, latency corrections, tide corrections, display the raw data profile, and review/edit all raw X, Y, and Z information.  Collected data points that have inaccurate or absent depth or positional information are interpolated to be congruent with adjacent accurate points or deleted completely.  Due to the echo sounder signal reflecting off the first object detected, such as the large number of stumps encountered in this lake, anomalous readings can be produced.  

Offset correction values of 3.2 ft. starboard, 6.6 ft. forward, and 1.4 ft. vertical were applied to all raw data along with a latency correction factor of 0.80 sec.  The speed of sound readings, are documented in Appendix B from the Profiling Sound Velocimeter.  

Fluctuations in lake levels during the data collection process varied from 1338.23 ft on October 27, 2004 to 1339.0 ft on December 13, 2004 according to the USACE gauge data.  Using HYPACK, TIDES program, a tide correction file is produced to account for the variance in lake elevation at the time in which data was collected.  Within the EDIT program, the corrected depth mentioned earlier is subtracted from the elevation reading to convert the depth in ft to an elevation.

After editing the data for errors and correcting the spatial attributes (offsets and tide corrections), a data reduction scheme is needed.  To accomplish this the data is resampled spatially at a ten-ft interval using the Sounding Selection program in HYPACK.  The resultant data was saved and exported out as a xyz.txt file.  The HYPACK data file for El Dorado Lake is located at the end of the document on the CD entitled El Dorado HYPACK/GIS Metadata.
Geographic Information System (GIS) software was used to process the edited XYZ data collected from the survey. The GIS software used was ArcGIS Desktop and ArcInfo Workstation, version 8.3, from Environmental System Research Institute (ESRI).  All of the GIS datasets created are in Kansas State Plane South Coordinate System referenced to the North American Datum 1983. Horizontal and vertical units are in feet.

The edited data points in XYZ text file format were converted into ArcInfo point coverage format.  The point coverage contains the X and Y horizontal coordinates and the elevation and depth values associated with each collected point.

Volumetric and area calculations were derived using a TIN surface model. The TIN model was created in ArcInfo, using the collected survey data points and the lake boundary inputs. The TIN consists of connected data points that form a network of triangles representing the bottom surface of the lake.  Approximately 144,615 data points were used to create the TIN model.  The lake volume was calculated by slicing the TIN horizontally into planes 0.1 ft thick. The volume and area of each slice are shown in Appendix C.

Contours, depth ranges, and the shaded relief map were derived from a digital elevation model grid. This grid was created using the ArcInfo TOPOGRIDTOOL command and had a spatial resolution of 10 ft. A low pass 3x3 filter was run to lightly smooth the grid to improve contour generation. The contours were created at a five-ft interval using the ArcInfo LATTICECONTOUR command.  
Some contour lines required editing to allow for polygon topology and to improve general smoothness of the lines. The contours were then converted to a polygon coverage and attributed to show five-ft depth ranges across the lake.  The bathymetric map of the lake is shown with five-ft contour intervals in Appendix D.

All geographic datasets derived from the survey contain Federal Geographic Data Committee (FGDC) compliant metadata documentation. The metadata describes the procedures and commands used to create the datasets.  The metadata file for El Dorado Lake is located at the end of the document on the CD entitled El Dorado HYPACK/GIS Metadata.
RESULTS

Results from the 2004 OWRB survey indicate El Dorado Lake encompasses 7,911 acres and contains a cumulative capacity of 158,630 ac-ft at the conservation pool elevation 1339.0 ft.  The shoreline calculated from the digitized reservoir boundary was 101 miles.  The average depth for El Dorado Lake was 19.95 ft with a maximum depth of 59.4 ft.
SUMMARY AND COMPARISONS

El Dorado Dam was completed in 1981 and impoundment of the conservation pool started that same year.  Original design records indicate that El Dorado Lake was a 8,000-acre lake and had a cumulative volume of 154,100 ac-ft of water at conservation pool elevation 1339.0 ft (USACE, 1969).

OWRB performed a hydrographic survey of El Dorado Lake from October to December 2004.  For the production of the DEM of El Dorado Lake’s bathymetry, a DGPS, echo sounder, and GIS were utilized.  The OWRB survey delineated 7,911 surface acres and a cumulative capacity of 158,630 ac-ft at conservation pool elevation 1339.0 ft.  The inactive pool below elevation 1296.0 ft had a capacity of 3,359 ac-ft. (Table 4).

Table 4: Reservoir Data from OWRB 2004 Survey.

	Feature
	Elevation (NGVD)
	Area (acres)
	Capacity (ac-ft)

	Top of Conservation Pool 
	1339.0
	7911
	158,630

	Conservation Storage
	1296.0-1339.0
	
	155,271

	Top of Inactive pool
	1296.0
	599
	3,359


USACE sedimentation data for the years 1969,1989, and 2001 was obtained and compared to the 2004 data set for the purpose of area-capacity evaluation.  Table 5 summarizes the combined data for the 1339.0 ft conservation pool elevation.  Comparison graphs of the 1981,1989, and 2004 sedimentation range line survey data are shown in Appendix F.

Table 5: Area and Capacity Comparisons of El Dorado Lake at Conservation Pool Elevation (1339.0 ft).

	Feature
	Survey Year

	
	1969
	1989*
	2001**
	2004

	
	
	
	
	

	Area (acres)
	8,000
	8,400
	7,997
	7,911

	Cumulative Volume (acre-feet)
	154,100
	161,930
	157,050
	158,630


* El Dorado Lake, Kansas 20 October 1993 Based on May 1989 Resurvey, (USACE, 2001)

** Original Source of Data not Verified

The OWRB considers the 2004 survey to be a significant improvement over previous survey endeavors and recommends that the same methodology be used in five years or after major flood events to monitor changes to the lake’s storage capacity.  The survey and computation methods utilized in the OWRB survey differ from those employed in the historical surveys.  When comparing area-capacity between the historical USACE original design and the OWRB hydrographic survey, the new capacity calculation of 158,630 ac-ft will serve as a more accurate number for future comparisons.
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Appendix A: GPS Monuments

Table A. 1: Collected X, Y Coordinates for GPS Verification Trimble Pro XR.
	Identification #
	Date
	Time
	X
	Y

	1
	03/24/2005
	11:31:55
	1774346.33
	1727375.95

	2
	03/24/2005
	11:32:18
	1774346.33
	1727375.82

	3
	03/24/2005
	11:32:32
	1774346.54
	1727375.84

	4
	03/24/2005
	11:32:48
	1774346.48
	1727375.71

	5
	03/24/2005
	11:33:01
	1774346.53
	1727375.79

	6
	03/24/2005
	11:33:15
	1774346.57
	1727375.9

	7
	03/24/2005
	11:33:29
	1774346.6
	1727375.98

	8
	03/24/2005
	11:33:41
	1774346.67
	1727375.83

	9
	03/24/2005
	11:33:53
	1774346.8
	1727375.77

	10
	03/24/2005
	11:34:04
	1774347.21
	1727375.88

	11
	03/24/2005
	11:34:18
	1774347.41
	1727376.14

	12
	03/24/2005
	11:34:32
	1774347.31
	1727376.46

	13
	03/24/2005
	11:34:44
	1774347.4
	1727376.28

	14
	03/24/2005
	11:34:56
	1774347.28
	1727376

	15
	03/24/2005
	11:35:08
	1774347.4
	1727376.37

	16
	03/24/2005
	11:35:21
	1774347.23
	1727376.23

	17
	03/24/2005
	11:35:33
	1774347.24
	1727376.09

	18
	03/24/2005
	11:35:47
	1774347.01
	1727376.03

	19
	03/24/2005
	11:35:58
	1774347.17
	1727375.99

	20
	03/24/2005
	11:36:11
	1774347.37
	1727376.26

	21
	03/24/2005
	11:31:55
	1774346.33
	1727375.95


Table A. 2: Collected X, Y Coordinates for GPS Verification Trimble Geo XT.
	Identification #
	Date
	Time
	X
	Y

	1
	03/24/2005
	11:25:49
	1774344.76
	1727378.53

	2
	03/24/2005
	11:26:05
	1774344.87
	1727378.47

	3
	03/24/2005
	11:26:20
	1774344.92
	1727378.51

	4
	03/24/2005
	11:26:31
	1774344.94
	1727378.42

	5
	03/24/2005
	11:26:38
	1774345.06
	1727378.45

	6
	03/24/2005
	11:26:48
	1774345.05
	1727378.45

	7
	03/24/2005
	11:27:00
	1774345.24
	1727378.38

	8
	03/24/2005
	11:27:11
	1774345.38
	1727378.37

	9
	03/24/2005
	11:27:23
	1774345.5
	1727378.31

	10
	03/24/2005
	11:27:38
	1774345.05
	1727378.2

	11
	03/24/2005
	11:27:51
	1774345.34
	1727378.23

	12
	03/24/2005
	11:28:03
	1774344.69
	1727378.15

	13
	03/24/2005
	11:28:16
	1774344.72
	1727378.11

	14
	03/24/2005
	11:28:30
	1774344.87
	1727378.13

	15
	03/24/2005
	11:28:46
	1774344.92
	1727378.43

	16
	03/24/2005
	11:28:57
	1774344.94
	1727378.3

	17
	03/24/2005
	11:29:22
	1774345.43
	1727378.19

	18
	03/24/2005
	11:29:27
	1774345.45
	1727378.18

	19
	03/24/2005
	11:29:29
	1774345.51
	1727378.07
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Figure A. 1: Collected Data Points in Comparison to Monument Boyer AZ MK 2 (Latitude, Longitude -96.9009410472, 37.7956301556), NAD 83.
Appendix B: Sound Velocity Profiles

Table B. 1: Sound Velocity Profile Data for October and November 2004.

	Depth (ft)
	10/27/04
	11/4/04
	11/5/04
	11/8/04
	11/9/04
	11/10/04
	11/17/04
	11/18/04
	11/19/04

	3
	 
	 
	 
	4802.79
	 
	 
	 
	 
	 

	4
	4836.91
	4808.01
	4804.69
	4802.79
	4797.80
	4795.51
	4771.29
	4774.21
	4776.80

	5
	4836.19
	4808.01
	4804.69
	4802.40
	4797.80
	4795.51
	4771.29
	4773.59
	4776.80

	6
	4834.91
	4808.01
	4804.69
	4802.40
	4797.80
	4795.51
	4771.29
	4773.59
	4776.80

	7
	4831.99
	4808.01
	4804.69
	4802.40
	4797.80
	4795.51
	4770.90
	4773.20
	4776.80

	8
	4829.00
	4808.30
	4804.69
	4802.10
	4797.80
	4795.51
	4771.29
	4773.20
	4776.80

	9
	4827.99
	4808.30
	4804.69
	4802.40
	4797.80
	4795.51
	4770.90
	4773.20
	4776.80

	10
	4826.12
	4808.30
	4804.69
	4802.40
	4797.80
	4795.51
	4770.90
	4773.20
	4776.80

	11
	4825.69
	4808.30
	4804.69
	4802.40
	4797.80
	4795.90
	4770.90
	4772.90
	4776.80

	12
	4825.10
	4808.30
	4804.69
	4802.40
	4797.80
	4795.90
	4770.90
	4772.60
	4776.80

	13
	4824.70
	4808.30
	4804.40
	4802.40
	4797.80
	4795.90
	4770.90
	4772.31
	4776.80

	14
	4824.41
	4808.30
	4804.40
	4802.40
	4798.20
	4795.90
	4770.90
	4772.31
	4776.80

	15
	4823.79
	4808.30
	4804.40
	4802.79
	4798.20
	4795.90
	4770.90
	4772.31
	4776.80

	16
	4823.79
	4808.30
	4804.40
	4802.40
	4798.20
	4796.39
	4770.60
	4772.31
	4776.51

	17
	4823.39
	4808.30
	4804.40
	4802.40
	4798.20
	4796.39
	4770.60
	4772.31
	4776.21

	18
	4823.39
	4808.30
	4804.40
	4802.40
	4798.20
	4796.39
	4770.01
	4772.31
	4775.20

	19
	4823.10
	4808.30
	4804.40
	4802.79
	4798.20
	4796.39
	4769.29
	4772.31
	4774.61

	20
	4823.10
	4808.30
	4804.40
	4802.79
	4798.20
	4796.39
	4769.00
	4772.31
	4773.88

	21
	4822.80
	4808.69
	4804.40
	4802.79
	4798.20
	4796.39
	4769.00
	4772.31
	4773.59

	22
	4822.80
	4808.69
	4804.40
	4802.79
	4798.20
	4796.39
	4768.60
	4771.92
	4772.90

	23
	4822.41
	4808.69
	4804.40
	4802.79
	4798.20
	4796.39
	4768.60
	4770.90
	4772.31

	24
	4822.41
	4808.69
	4804.40
	4802.79
	4798.20
	4796.39
	4768.60
	4769.59
	4771.92

	25
	4822.41
	4808.69
	4804.40
	4802.79
	4798.20
	4796.39
	4768.60
	4768.31
	4771.29

	26
	4822.41
	4808.69
	4804.40
	4802.79
	4798.20
	4796.39
	4768.31
	4767.68
	4770.90

	27
	4822.41
	4808.69
	4804.40
	4802.79
	4798.20
	4796.78
	4768.31
	4767.68
	4770.01

	28
	4822.41
	4808.69
	4804.40
	4802.79
	4798.49
	4796.39
	4768.31
	4767.68
	4769.29

	29
	4822.41
	4808.69
	4804.40
	4802.79
	4798.20
	4796.39
	4768.31
	4767.68
	4768.60

	30
	4822.11
	4808.69
	4804.40
	4802.79
	4798.20
	4796.39
	4768.01
	4767.68
	4767.68

	31
	4822.11
	4808.69
	4804.40
	4802.79
	4798.20
	4796.39
	4767.68
	4767.29
	4765.39

	32
	4822.11
	4808.99
	4804.40
	4802.79
	4798.20
	4796.78
	4767.29
	4767.29
	4762.70

	33
	4822.11
	4808.99
	4804.40
	4802.79
	4798.20
	4796.39
	4767.29
	4767.29
	4760.10

	34
	4822.11
	4808.99
	4804.40
	4802.79
	4798.49
	4796.39
	4767.29
	4766.99
	4758.50

	35
	4822.11
	4808.99
	4804.40
	4802.79
	4798.20
	4796.39
	4767.29
	4766.99
	4758.10

	36
	4822.11
	4808.99
	4804.40
	4802.79
	4798.20
	4796.39
	4766.99
	4766.99
	4758.10

	37
	4822.11
	4808.99
	4804.40
	4802.79
	4798.20
	4796.39
	4766.70
	4766.70
	4757.81

	38
	4822.11
	4808.99
	4804.40
	4802.79
	4798.20
	4796.39
	4766.70
	4766.40
	4757.51

	39
	4822.11
	4808.99
	4804.69
	4802.79
	4798.20
	4796.39
	4766.40
	4766.40
	4757.51

	40
	4822.11
	4808.99
	4804.40
	4802.79
	4798.20
	4796.39
	4766.40
	4766.40
	4757.51

	41
	4822.11
	4808.99
	4804.69
	4802.40
	4798.20
	4796.39
	4766.40
	4765.72
	 

	42
	4822.11
	4808.99
	4804.69
	4802.10
	 
	 
	4766.01
	4765.39
	 

	43
	4822.11
	4808.99
	4804.69
	4802.10
	 
	 
	4766.01
	4765.39
	 

	44
	4822.11
	4808.99
	4804.69
	4802.10
	 
	 
	4766.01
	4765.39
	 

	Depth (ft)
	10/27/04
	11/4/04
	11/5/04
	11/8/04
	11/9/04
	11/10/04
	11/17/04
	11/18/04
	11/19/04

	45
	4822.11
	4808.99
	4804.69
	4802.10
	 
	 
	4766.01
	4765.39
	 

	46
	4822.11
	4808.99
	4804.69
	4802.10
	 
	 
	4766.01
	4765.39
	 

	47
	4822.11
	4808.99
	4804.69
	4802.10
	 
	 
	4766.01
	4764.99
	 

	48
	4822.11
	4808.99
	4804.69
	4801.80
	 
	 
	4766.01
	4764.99
	 

	49
	4822.41
	4808.99
	4804.69
	4801.80
	 
	 
	4766.01
	 
	 

	50
	4822.41
	4808.99
	4804.69
	4801.80
	 
	 
	4766.01
	 
	 

	51
	4822.41
	4808.99
	4804.69
	4801.80
	 
	 
	4765.72
	 
	 

	52
	4822.41
	4809.28
	4804.69
	4801.80
	 
	 
	4765.72
	 
	 

	53
	4822.41
	 
	 
	4801.80
	 
	 
	4765.72
	 
	 

	54
	 
	 
	 
	4801.80
	 
	 
	4765.72
	 
	 

	55
	 
	 
	 
	4801.80
	 
	 
	4765.39
	 
	 

	56
	 
	 
	 
	4801.80
	 
	 
	 
	 
	 

	57
	 
	 
	 
	4801.80
	 
	 
	 
	 
	 

	58
	
	
	 
	4801.80
	 
	 
	 
	 
	 


Table B. 2: Sound Velocity Profile Data for December 2004.

	Depth (ft)
	12/1/04
	12/2/04
	12/3/04
	12/6/04
	12/7/04
	12/8/04
	12/13/04
	12/14/04

	1
	4675.00
	 
	 
	 
	 
	 
	 
	 

	2
	4675.00
	 
	 
	 
	 
	 
	 
	4694.69

	3
	4674.41
	4708.89
	 
	4718.21
	 
	 
	 
	4694.82

	4
	4674.02
	4709.19
	4709.61
	4718.01
	 
	4714.44
	4696.59
	4694.82

	5
	4674.02
	4709.19
	4708.99
	4717.09
	4713.09
	4714.44
	4695.80
	4694.82

	6
	4674.02
	4709.09
	4708.89
	4715.81
	4713.29
	4714.57
	4694.29
	4694.69

	7
	4673.88
	4709.09
	4708.89
	4714.80
	4713.48
	4714.57
	4694.29
	4694.69

	8
	4673.88
	4709.19
	4708.79
	4714.70
	4713.48
	4714.67
	4694.49
	4694.91

	9
	4674.11
	4709.19
	4708.60
	4714.99
	4713.62
	4714.67
	4693.80
	4695.01

	10
	4673.88
	4709.19
	4708.60
	4714.90
	4713.62
	4714.67
	4694.39
	4695.01

	11
	4673.79
	4709.19
	4708.50
	4714.70
	4713.62
	4714.67
	4693.70
	4694.91

	12
	4674.02
	4709.19
	4708.60
	4714.70
	4713.62
	4714.67
	4693.60
	4694.82

	13
	4674.21
	4708.79
	4708.50
	4714.70
	4713.62
	4714.67
	4693.70
	4695.01

	14
	4674.41
	4708.20
	4708.50
	4714.60
	4713.62
	4714.67
	4694.00
	4695.11

	15
	4674.61
	4707.71
	4708.40
	4714.50
	4713.62
	4714.67
	4693.70
	4695.11

	16
	4674.70
	4707.41
	4708.30
	4714.60
	4713.62
	4714.73
	4693.90
	4695.01

	17
	4674.21
	4706.79
	4708.30
	4714.60
	4713.71
	4714.73
	4694.00
	4695.21

	18
	4674.80
	4706.10
	4707.91
	4714.60
	4713.71
	4714.73
	4694.19
	4695.21

	19
	 
	4705.31
	4706.99
	4714.60
	4713.71
	4714.73
	4694.29
	4695.21

	20
	 
	4704.00
	4706.69
	4714.60
	4713.81
	4714.83
	4694.19
	4695.31

	21
	 
	4702.00
	4706.50
	4714.60
	4713.81
	4714.83
	4694.91
	4695.21

	22
	 
	4699.70
	4706.10
	4714.60
	4713.81
	4714.83
	 
	4695.01

	23
	 
	4696.69
	4704.89
	4714.60
	4713.91
	4714.83
	 
	4694.91

	24
	 
	4695.11
	4704.79
	4714.70
	4713.91
	4714.83
	 
	4694.82

	Depth (ft)
	12/1/04
	12/2/04
	12/3/04
	12/6/04
	12/7/04
	12/8/04
	12/13/04
	12/14/04

	25
	 
	4694.49
	4704.59
	4714.70
	4713.81
	4714.83
	 
	4694.82

	26
	 
	4694.49
	4704.59
	4714.70
	4713.91
	4714.93
	 
	4694.82

	27
	 
	 
	4703.61
	4714.70
	4713.91
	4714.93
	 
	4694.59

	28
	 
	 
	 
	4714.70
	4713.91
	4714.93
	 
	4694.59

	29
	 
	 
	 
	4714.70
	4713.91
	4714.93
	 
	4694.49

	30
	 
	 
	 
	4714.70
	4713.91
	4715.03
	 
	4694.59

	31
	 
	 
	 
	4714.70
	4714.01
	4715.03
	 
	4694.59

	32
	 
	 
	 
	4714.70
	4714.01
	4715.03
	 
	4694.39

	33
	 
	 
	 
	4714.70
	4714.01
	4715.03
	 
	4694.29

	34
	 
	 
	 
	4714.70
	4714.01
	4715.03
	 
	4694.29

	35
	 
	 
	 
	4714.70
	4714.11
	4715.03
	 
	4694.39

	36
	 
	 
	 
	4714.80
	4714.11
	4715.03
	 
	4694.39

	37
	 
	 
	 
	4714.80
	4714.11
	4715.12
	 
	4694.39

	38
	 
	 
	 
	4714.80
	4714.11
	4715.12
	 
	4694.39

	39
	 
	 
	 
	4714.80
	4714.11
	4715.12
	 
	4694.39

	40
	 
	 
	 
	4714.80
	4714.11
	4715.22
	 
	4694.39

	41
	 
	 
	 
	4714.80
	4714.11
	4715.22
	 
	4694.39

	42
	 
	 
	 
	4714.80
	4714.11
	4715.22
	 
	4694.39

	43
	 
	 
	 
	4714.90
	4714.21
	4715.22
	 
	4694.39

	44
	 
	 
	 
	4714.90
	4714.21
	4715.32
	 
	4694.39

	45
	
	 
	 
	4714.90
	4714.21
	4715.32
	 
	4694.39

	46
	 
	 
	 
	4714.90
	4714.21
	4715.32
	 
	4694.39

	47
	 
	 
	 
	4714.90
	4714.30
	4715.32
	 
	4694.39

	48
	 
	 
	 
	4714.99
	4714.30
	 
	 
	4694.39

	49
	 
	 
	 
	4714.99
	4714.30
	 
	 
	4694.39

	50
	 
	 
	 
	4714.99
	4714.30
	 
	 
	4694.39

	51
	 
	 
	 
	4714.99
	4714.30
	 
	 
	4694.39

	52
	 
	 
	 
	4714.99
	4714.30
	 
	 
	4694.49

	53
	 
	 
	 
	4715.09
	4714.30
	 
	 
	 

	54
	 
	 
	 
	4715.09
	4714.30
	 
	 
	 

	55
	 
	 
	 
	4715.19
	4714.40
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Figure B. 1: Sound Velocity Profiles for October 27 and November 4, 5, and 8, 2004.
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Figure B. 2: Sound Velocity Profiles for November 9-10, 17-18, 2004.

[image: image34.wmf]4800

4805

S

p

e

e

d

 

o

f

 

s

o

u

n

d

 

(

f

t

/

s

)

58

56

54

52

50

48

46

44

42

40

38

36

34

32

30

28

26

24

22

20

18

16

14

12

10

8

6

4

2

D

e

p

t

h

 

(

f

t

)

S

o

u

n

d

 

V

e

l

o

c

i

t

y

 

P

r

o

f

i

l

e

 

E

l

 

D

o

r

a

d

o

 

L

a

k

e

N

o

v

e

m

b

e

r

 

8

,

 

2

0

0

4

Figure B. 3: Sound Velocity Profiles for November 19, and December 1-3, 2004.
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Figure B. 4: Sound Velocity Profiles for December 6-8, and 13, 2004.
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Figure B. 5: Sound Velocity Profile for December 14, 2004.

Appendix C: Area-Capacity Data

Table C. 1: El Dorado Lake Cumulative Area by 0.1-foot Increments.

	EL DORADO RESERVOIR AREA TABLE

	Area in acres by tenth foot elevation increments

	2004 SURVEY

	OKLAHOMA WATER RESOURCES BOARD

	
	
	
	
	
	
	
	
	
	
	

	ELEVATION
	
	
	
	
	
	
	
	
	
	

	(ft NGVD)
	0
	0.1
	0.2
	0.3
	0.4
	0.5
	0.6
	0.7
	0.8
	0.9

	1279
	
	
	
	
	
	
	
	0
	0.001
	0.003

	1280
	0.1
	0.2
	0.2
	0.3
	0.5
	0.6
	0.9
	1.4
	2.0
	2.6

	1281
	3.9
	4.7
	4.7
	5.4
	6.2
	7.0
	7.7
	8.5
	9.4
	10.3

	1282
	12.4
	13.3
	13.3
	14.3
	15.4
	16.5
	17.6
	18.8
	20.0
	21.3

	1283
	23.8
	25.2
	25.2
	26.4
	27.7
	28.9
	30.2
	31.5
	32.8
	34.2

	1284
	37.0
	39.0
	39.0
	40.8
	42.5
	44.1
	45.6
	47.1
	48.6
	50.1

	1285
	53.2
	54.8
	54.8
	56.4
	58.4
	60.6
	63.0
	65.3
	67.8
	70.5

	1286
	76.0
	78.8
	78.8
	82.0
	85.2
	88.5
	92.0
	95.6
	99.3
	103

	1287
	111
	115
	115
	119
	124
	128
	133
	137
	142
	147

	1288
	156
	160
	160
	165
	169
	173
	177
	182
	186
	190

	1289
	199
	204
	204
	208
	213
	218
	223
	227
	232
	237

	1290
	248
	253
	253
	258
	263
	269
	274
	280
	286
	293

	1291
	306
	313
	313
	320
	327
	334
	341
	348
	355
	362

	1292
	375
	381
	381
	387
	393
	399
	405
	410
	415
	420

	1293
	431
	437
	437
	442
	448
	454
	460
	466
	472
	477

	1294
	489
	494
	494
	500
	505
	511
	516
	522
	527
	532

	1295
	543
	548
	548
	554
	559
	565
	571
	576
	582
	588

	1296
	599
	605
	605
	611
	617
	623
	629
	635
	641
	647

	1297
	659
	666
	666
	672
	679
	686
	693
	700
	707
	714

	1298
	729
	737
	737
	746
	755
	763
	771
	780
	790
	800

	1299
	819
	830
	830
	839
	849
	858
	867
	877
	887
	898

	1300
	919
	929
	929
	939
	949
	959
	969
	980
	990
	1001

	1301
	1021
	1030
	1030
	1040
	1050
	1060
	1071
	1082
	1093
	1105

	1302
	1131
	1143
	1143
	1156
	1170
	1183
	1196
	1210
	1223
	1235

	1303
	1260
	1273
	1273
	1287
	1301
	1315
	1328
	1341
	1352
	1364

	1304
	1387
	1399
	1399
	1412
	1424
	1437
	1451
	1464
	1476
	1488

	1305
	1510
	1522
	1522
	1534
	1546
	1559
	1571
	1582
	1595
	1606

	1306
	1631
	1644
	1644
	1657
	1672
	1687
	1703
	1719
	1736
	1752

	1307
	1784
	1799
	1799
	1814
	1828
	1842
	1856
	1869
	1882
	1896

	1308
	1922
	1936
	1936
	1949
	1963
	1976
	1990
	2004
	2018
	2032

	1309
	2061
	2075
	2075
	2090
	2104
	2118
	2132
	2146
	2161
	2176

	1310
	2207
	2221
	2221
	2235
	2249
	2263
	2277
	2291
	2305
	2319

	1311
	2344
	2357
	2357
	2369
	2381
	2393
	2404
	2416
	2428
	2441

	1312
	2466
	2479
	2479
	2492
	2505
	2518
	2532
	2547
	2561
	2575

	1313
	2604
	2618
	2618
	2632
	2645
	2658
	2672
	2686
	2699
	2712

	1314
	2738
	2750
	2750
	2763
	2775
	2788
	2801
	2814
	2827
	2840

	
	0
	0.1
	0.2
	0.3
	0.4
	0.5
	0.6
	0.7
	0.8
	0.9

	1315
	2867
	2880
	2880
	2894
	2908
	2921
	2933
	2946
	2958
	2970

	1316
	2995
	3008
	3008
	3021
	3035
	3049
	3063
	3077
	3091
	3105

	1317
	3133
	3147
	3147
	3161
	3175
	3189
	3203
	3217
	3231
	3245

	1318
	3274
	3289
	3289
	3304
	3319
	3334
	3349
	3365
	3381
	3398

	1319
	3433
	3451
	3451
	3469
	3488
	3506
	3526
	3547
	3568
	3590

	1320
	3634
	3657
	3657
	3681
	3707
	3731
	3755
	3777
	3798
	3818

	1321
	3856
	3874
	3874
	3893
	3911
	3930
	3949
	3969
	3989
	4010

	1322
	4055
	4078
	4078
	4100
	4122
	4144
	4165
	4185
	4205
	4227

	1323
	4271
	4293
	4293
	4315
	4336
	4357
	4378
	4399
	4422
	4444

	1324
	4490
	4511
	4511
	4532
	4552
	4572
	4593
	4613
	4634
	4655

	1325
	4697
	4719
	4719
	4742
	4764
	4785
	4807
	4829
	4851
	4873

	1326
	4916
	4937
	4937
	4958
	4980
	5002
	5023
	5044
	5065
	5087

	1327
	5130
	5152
	5152
	5173
	5194
	5215
	5236
	5257
	5278
	5299

	1328
	5341
	5363
	5363
	5385
	5407
	5428
	5451
	5472
	5494
	5516

	1329
	5562
	5586
	5586
	5610
	5634
	5657
	5680
	5704
	5727
	5750

	1330
	5794
	5816
	5816
	5839
	5863
	5886
	5908
	5931
	5953
	5976

	1331
	6021
	6044
	6044
	6067
	6089
	6111
	6134
	6155
	6177
	6199

	1332
	6245
	6268
	6268
	6290
	6313
	6336
	6359
	6381
	6404
	6426

	1333
	6471
	6494
	6494
	6517
	6541
	6564
	6587
	6609
	6632
	6653

	1334
	6698
	6721
	6721
	6745
	6770
	6795
	6819
	6845
	6869
	6891

	1335
	6934
	6953
	6953
	6973
	6993
	7013
	7034
	7055
	7151
	7169

	1336
	7203
	7220
	7220
	7236
	7252
	7268
	7284
	7300
	7317
	7333

	1337
	7366
	7382
	7382
	7399
	7415
	7432
	7449
	7466
	7483
	7500

	1338
	7534
	7551
	7551
	7569
	7586
	7603
	7621
	7639
	7656
	7674

	1339
	7911
	
	
	
	
	
	
	
	
	


Table C. 2: El Dorado Lake Cumulative Volume by 0.1-foot Increments.

	EL DORADO RESERVOIR CAPACITY TABLE

	Volume in acre-feet by tenth foot elevation increments

	2004 SURVEY

	OKLAHOMA WATER RESOURCES BOARD

	
	
	
	
	
	
	
	
	
	
	

	ELEVATION
	
	
	
	
	
	
	
	
	
	

	(ft NGVD)
	0
	0.1
	0.2
	0.3
	0.4
	0.5
	0.6
	0.7
	0.8
	0.9

	1279
	
	
	
	
	
	
	
	0
	0
	0.0002

	1280
	0.007
	0.02
	0.02
	0.04
	0.08
	0.14
	0.21
	0.33
	0.50
	0.73

	1281
	1.4
	1.8
	1.8
	2.3
	2.9
	3.6
	4.3
	5.1
	6.0
	7.0

	1282
	9.3
	10.5
	10.5
	11.9
	13.4
	15.0
	16.7
	18.5
	20.5
	22.5

	1283
	27.0
	29.5
	29.5
	32.1
	34.8
	37.6
	40.6
	43.7
	46.9
	50.2

	1284
	57.3
	61.1
	61.1
	65.1
	69.3
	73.6
	78.1
	82.8
	87.5
	92.5

	1285
	103
	108
	108
	114
	120
	125
	132
	138
	145
	152

	1286
	166
	174
	174
	182
	190
	199
	208
	218
	227
	237

	1287
	259
	270
	270
	282
	294
	307
	320
	333
	347
	361

	1288
	392
	408
	408
	424
	441
	458
	475
	493
	512
	530

	1289
	569
	589
	589
	610
	631
	653
	675
	697
	720
	744

	1290
	792
	817
	817
	843
	869
	896
	923
	950
	979
	1008

	1291
	1068
	1099
	1099
	1130
	1163
	1196
	1229
	1264
	1299
	1335

	1292
	1408
	1446
	1446
	1485
	1524
	1563
	1603
	1644
	1685
	1727

	1293
	1812
	1856
	1856
	1900
	1944
	1989
	2035
	2081
	2128
	2176

	1294
	2272
	2321
	2321
	2371
	2421
	2472
	2523
	2575
	2628
	2681

	1295
	2788
	2843
	2843
	2898
	2954
	3010
	3067
	3124
	3182
	3240

	1296
	3359
	3419
	3419
	3480
	3542
	3604
	3666
	3729
	3793
	3858

	1297
	3988
	4055
	4055
	4122
	4189
	4257
	4326
	4396
	4466
	4537

	1298
	4682
	4755
	4755
	4829
	4904
	4980
	5057
	5134
	5213
	5292

	1299
	5454
	5537
	5537
	5620
	5705
	5790
	5876
	5964
	6052
	6141

	1300
	6323
	6415
	6415
	6508
	6603
	6698
	6795
	6892
	6991
	7090

	1301
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Figure C. 1: El Dorado Lake Area-Elevation Curve.
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Figure C. 2: El Dorado Lake Volume-Elevation Curve.

Appendix D: El Dorado Lake Bathymetric Maps
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Figure D. 1: El Dorado Lake Bathymetric Map with 5-foot Contour Intervals.

[image: image12.jpg]El Dorado Lake L %/w -

Shaded Relief Map

2N

CAUTION - The intention of this map is to give a generalized overview

of the lake depths. There may be shallow underwater hazards such as rocks,
shoals, and vegetation that do not appear on this map.

THIS MAP SHOULD NOT BE USED FOR NAVIGATION PURPOSES.

’,/\ g
// )

V.

Elevation (Feet)
High : 1339.0

Low : 1279.5

Dam Construction: 1981
Survey Date: December 2004
Normal Pool: 1339.0 ft
Surface Area: 7,906 ac
1:565,000 Volume: 158,630 ac-ft

0 05 1 Max Depth: -59.4 ft
UL e S [ — V]S Mean Depth: -19.95 ft

State of Oklahoma




Figure D. 2: El Dorado Lake Shaded Relief Bathymetric Map.

Appendix E: Sedimentation Range Lines
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Figure E. 1: Collected Data Points and Historical Survey Range Lines (USACE, 1989).

Table E. 1: X, Y Coordinates for USACE Sedimentation Range Lines (USACE, 1989).

	X Coordinate
	Y Coordinate
	Station

	*
	*
	DR-1C

	*
	*
	DR-1C

	*
	*
	DR-1C

	*
	*
	DR-1C

	*
	*
	DR-2C

	*
	*
	DR-2C

	*
	*
	DR-2C

	*
	*
	DR-2C

	*
	*
	DR-3C

	*
	*
	DR-3C

	*
	*
	DR-3C

	*
	*
	DR-3C

	*
	*
	DR-4C

	*
	*
	DR-4C

	*
	*
	DR-4C

	*
	*
	DR-4C

	*
	*
	DR-5C

	*
	*
	DR-5C

	*
	*
	DR-5C

	*
	*
	DR-6C

	*
	*
	DR-6C

	*
	*
	DR-6C

	2493538.07
	431017.59
	SR-1A

	2493388.32
	431157.59
	SR-1A

	2490347.46
	434000.44
	SR-1A

	2484391.29
	439568.77
	SR-1A

	2484160.32
	439784.69
	SR-1A

	2493194.85
	442721.87
	SR-2A

	2493084.70
	442804.44
	SR-2A

	2488606.84
	446161.15
	SR-2A

	2488315.11
	446376.84
	SR-2A

	2491078.60
	452395.79
	SR-3A

	2491333.44
	522289.81
	SR-3A

	2496438.74
	450166.62
	SR-3A

	2496447.97
	450162.78
	SR-3A

	2498958.56
	456948.58
	SR-4A

	2498734.84
	456948.58
	SR-4A

	2492978.81
	457675.86
	SR-4A

	2492953.90
	457679.02
	SR-4A

	2498420.10
	460933.86
	SR-5A

	2498239.28
	460919.21
	SR-5A

	2493556.60
	460539.83
	SR-5A

	2493512.84
	460536.28
	SR-5A

	X Coordinate
	Y Coordinate
	Station

	2498565.49
	463673.25
	SR-6A

	2498414.37
	463729.66
	SR-6A

	2497015.45
	464251.83
	SR-6A

	2496631.63
	464395.10
	SR-6A

	2499907.63
	466678.14
	SR-7A

	2499862.56
	466687.33
	SR-7A

	2498595.35
	466945.83
	SR-7A

	2497058.59
	467259.31
	SR-7A

	2502114.96
	468840.15
	SR-8A

	2501954.20
	469132.12
	SR-8A

	2501802.32
	469407.97
	SR-8A

	2500927.25
	470997.27
	SR-8A

	2505917.50
	473614.79
	SR-9AB

	2505903.35
	473624.74
	SR-9AB

	2505748.37
	473733.62
	SR-9AB

	2505679.83
	473781.78
	SR-9AB

	2498570.18
	434418.90
	SR-10A

	2498568.93
	434423.65
	SR-10A

	2497773.09
	437443.14
	SR-10A

	2497718.57
	437651.57
	SR-10A

	2502225.67
	434815.60
	SR-11A

	2502224.79
	434841.70
	SR-11A

	2502152.23
	437002.85
	SR-11A

	2502144.85
	437222.75
	SR-11A

	2505967.04
	433347.59
	SR-12A

	2505967.59
	433359.54
	SR-12A

	2506051.02
	435178.92
	SR-12A

	2506059.90
	435372.66
	SR-12A

	2508369.64
	433066.59
	SR-13A

	2508365.01
	433370.36
	SR-13A

	2508339.32
	435054.56
	SR-13A

	2508335.37
	435313.08
	SR-13A

	2510368.06
	433579.27
	SR-14A

	2510451.77
	433723.08
	SR-14A

	2510613.11
	434000.24
	SR-14A

	2510922.21
	434531.25
	SR-14A

	2510906.52
	434611.01
	SR-15AB

	2510537.12
	435399.84
	SR-15AB

	2510298.29
	435909.85
	SR-15AB

	2510220.26
	436076.48
	SR-15AB

	2495539.70
	438994.35
	SR-16A

	2495248.34
	439432.04
	SR-16A

	2493457.48
	442122.38
	SR-16A

	2493395.30
	442215.79
	SR-16A

	X Coordinate
	Y Coordinate
	Station

	2499689.88
	441906.33
	SR-17A

	2499661.04
	441953.16
	SR-17A

	2498321.29
	444128.54
	SR-17A

	2498118.55
	444457.77
	SR-17A

	2502952.01
	444700.76
	SR-18A

	2502920.26
	444851.55
	SR-18A

	2502561.65
	446554.61
	SR-18A

	2502440.91
	447128.01
	SR-18A

	2506677.73
	446871.40
	SR-19A

	2506413.24
	447228.65
	SR-19A

	2505855.46
	447982.04
	SR-19A

	2505655.84
	448251.68
	SR-19A

	2510067.18
	449577.69
	SR-20AB

	2509509.83
	450055.65
	SR-20AB

	2509388.95
	450159.31
	SR-20AB

	2509168.59
	450348.28
	SR-20AB

	2498998.71
	457906.75
	SR-21A

	2498984.34
	457979.45
	SR-21A

	2498732.67
	459252.61
	SR-21A

	2498586.73
	459990.92
	SR-21A

	2498440.81
	460729.09
	SR-21A

	2503170.46
	460445.99
	SR-22A

	2502988.21
	460709.51
	SR-22A

	2502778.43
	461012.83
	SR-22A

	2502526.78
	461376.69
	SR-22A

	2502220.37
	461819.72
	SR-22A

	2506248.17
	461058.97
	SR-23A

	2506243.87
	461114.41
	SR-23A

	2506231.19
	461278.02
	SR-23A

	2509230.54
	462659.32
	SR-23A

	2509177.16
	462758.92
	SR-24A

	2509137.20
	462833.46
	SR-24A

	2492050.44
	459204.97
	SR-24A

	2492132.53
	459287.37
	SR-25A

	2492948.13
	460106.02
	SR-25A

	2493048.52
	460206.78
	SR-25A

	2497463.02
	465845.85
	SR-26A

	2497021.17
	465479.30
	SR-26A

	2494111.36
	463065.39
	SR-26A

	2493573.49
	462619.18
	SR-26A

	2493524.04
	462578.16
	SR-26A

	2495759.81
	467946.90
	SR-27A

	2495668.90
	467942.90
	SR-27A

	2495668.90
	467883.51
	SR-27A

	X Coordinate
	Y Coordinate
	Station

	2495306.71
	471366.55
	SR-28A

	2495124.93
	471359.79
	SR-28A

	2493633.90
	470677.42
	SR-28AB

	2493464.90
	470505.47
	SR-28AB


*Downstream of El Dorado Lake

Appendix F: 1981,1989, and 2004 Sedimentation Range Line Survey Profiles
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Figure F. 1: Comparison of 1981, 1989, and 2004 Surveys along Line SR-1A.
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Figure F. 2: Comparison of 1981, 1989, and 2004 Surveys along Line SR-2A.
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Figure F. 3: Comparison of 1981, 1989, and 2004 Surveys along Line SR-3A.
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Figure F. 4: Comparison of 1981, 1989, and 2004 Surveys along Line SR-4A.
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Figure F. 5: Comparison of 1981, 1989, and 2004 Surveys along Line SR-5A.
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Figure F. 6: Comparison of 1981, 1989, and 2004 Surveys along Line SR-6A.
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Figure F. 7: Comparison of 1981, 1989, and 2004 Surveys along Line SR-7A.
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Figure F. 8: Comparison of 1981, 1989, and 2004 Surveys along Line SR-8A.
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Figure F. 9: Comparison of 1981, 1989, and 2004 Surveys along Line SR-10A.
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Figure F. 10: Comparison of 1981, 1989, and 2004 Surveys along Line SR-11A.
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Figure F. 11: Comparison of 1981, 1989, and 2004 Surveys along Line SR-12A.
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Figure F. 12: Comparison of 1981, 1989, and 2004 Surveys along Line SR-16A.
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Figure F. 13: Comparison of 1981, 1989, and 2004 Surveys along Line SR-17A.
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Figure F. 14: Comparison of 1981, 1989, and 2004 Surveys along Line SR-18A.
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Figure F. 15: Comparison of 1981, 1989, and 2004 Surveys along Line SR-21A.


[image: image29.wmf]0

200

400

600

800

1000

1200

1400

1600

D

i

s

t

a

n

c

e

 

a

l

o

n

g

 

R

a

n

g

e

 

L

i

n

e

 

(

f

t

)

1320

1325

1330

1335

1340

1345

1350

E

l

e

v

a

t

i

o

n

 

(

f

t

)

1981 Survey

1989 Survey

2004 Survey

S

u

r

v

e

y

 

R

a

n

g

e

 

L

i

n

e

 

S

R

-

2

2

A

S

u

r

v

e

y

 

C

o

m

p

a

r

i

s

o

n


Figure F. 16: Comparison of 1981, 1989, and 2004 Surveys along Line SR-22A.
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Figure F. 17: Comparison of 1981, 1989, and 2004 Surveys along Line SR-25A.
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Figure F. 18: Comparison of 1981, 1989, and 2004 Surveys along Line SR-26A.
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