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LAKE AUSTIN
VOLUMETRIC SURVEY REPORT

INTRODUCTION

Staff of the Surface Water Section of the Texas Water Development Board (TWDB)
conducted avolumetric survey of Lake Austin during the period of March 3-5, 1999. The purpose of
the survey was to determine the current volume of the lake at the conservation pool elevation. This
survey will establish a basis for comparison to future surveys from which the location and rates of
sediment deposition in the conservation pool over time can be determined. Survey results are
presented in the following pagesin both graphical and tabular form. All elevations presented in this
report are in feet above mean sea level that are based on the National Geodetic Vertical Datum of
1929 (NGVD '29). Lake Austin and associated Tom Miller Dam are located on the Colorado River
between Lake Travis and Town Lake. The lake is located within the city limits and west of
downtown Austin, Texas. Recordsindicatethetop of Lake Austin’sconservation pool iselevation
492.8 feet. Design information (1939) for the existing dam and lake shows the surface area at
elevation 492.8 feet to be 1,830 acres and the storage volume to be 21,000 acre-feet (Texas Water
Development Board, 1971).

LAKE HISTORY AND GENERAL INFORMATION

Morethan acentury of recorded documentation can be found on Lake Austin (formerly Lake
McDonald) and associated Tom Miller Dam (formerly Austin Dam)(References 1-11). A brief
discussion of theoriginal Austin Dam, there-built Austin Dam, and the present day Tom Miller Dam

is based on these sources.

The City of Austin acquired water rights prior to 1890 to use the waters of the Colorado

River for municipal useand for electric power generation (Texas Water Development Board, 1966).
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In 1889 John McDonald won the Austin’s mayoral race based on a platform to build Austin Dam.
By October of the same year funds were appropriated, designsfor the new dam were approved, and
bids for construction were taken. The contract was awarded on October 15, 1890 and construction
began on November 5, 1890 on then, “theworld’ slargest masonry dam acrossamajor river”. Inthat
same year (1890) ThomasU. Taylor (later the first Dean of Engineering at the University of Texas)
established 16 cross sections upstream of Austin Dam to measure sedimentation (Taylor, 1910).

On May 2, 1893 the main structure of the dam was completed and deliberate impoundment
began. Flow spilled over the spillway crest for thefirst time on May 16, 1893 aswork continued on
the electric generating powerhouse. The crest of the original spillway was 1,100 feet in length at
elevation 490+ feet, 60 feet above the dam’stoe. Taylor performed the first baseline survey of the
lakeat Austinin 1893 and cal cul ated a surface area of 2,000 acres and atotal volume of 49,300 acre-
feet of water. RecordsindicatetheU. S Geologica Survey also began documenting the new lake's
sedimentation rate at that time.

In January 1900, Taylor surveyed the lake and cal culated the volumeto be 25,741 acre-feet.
Later, on April 7, 1900 amajor flood crested at eleven feet above the spillway structure. At 11:20
am. two sections (both approximately 250 in length) of the spillway slid 60 feet downstream
releasing the floodwaters that destroyed the electric generating powerhouse and resulting in eight
fatalities. Nine people drowned in Austin and another 38 lives were loss as the floodwaters

continued downstream to the Gulf of Mexico (Wilson, 1999).

Results of investigationsinto thefailure of the original dam by Taylor (1910) and Dr. Dani€l
W. Mead (1917) were published in the following years. The failure was attributed to an inferior
foundation consisting of a weak limestone and hydrostatic pressure of the foundation. Other
contributing factorsweretheloss of passiveresistance al ong the toe of the dam and the unaccounted

lateral pressure of silt and water against the upstream face of the dam (Meade, 1917).

In 1908 theidea of reconstructing the Austin Dam was entertained by City of Austin officials.
The feasibility of rebuilding the dam at the original site or an alternative site was to be studied by

professional consultants nationwide. After a subsurface investigation, this panel of consultants
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known asthe“Board of Engineers’ recommended that the second dam be built at an alternative site
because of the undesirable foundation conditions and the potential for seepage at the original dam
site (King and Huber, 1994). The controversial decision was madeto rebuild thedam at theorigind
site. The City of Austin joined into an agreement to franchise the reconstruction project with City
Water Company, a private electric-power development company. The agreement allowed City
Water Company to make any design changes as long as there was no reduction in the height of the
dam or the stability of the structure. Many design changes were made prior to and during the

construction of the rebuilt dam.

OnJuly 29, 1911 acontract was awarded to William D. Johnson and the reconstruction of the
dam began. The new design included a hollow core structure to replace the breached section of the
spillway. The rebuilt dam would consist of 54 crest gates that would automatically open when the
lakelevel reached elevation 495.0 feet. The construction project was continually delayed by severe
flooding in 1913 and 1914.

In September of 1913 the lake filled to an elevation of 481+ feet, fifty-one feet above the
dam’stoe. This elevation was the crest of the hollow core section that was rebuilt after the 1900
flood. Twenty-eight of the fifty-four crest gates operated at this elevation. Taylor performed a
survey in 1913 and calculated the volume of the lake to be 32,025 acre-feet of water.

While the second dam was still under construction, the City of Austin filed for water rights
with the State Board of Water Engineers. Certified Filing No. 330 dated June 30, 1914 renewed
prior rights stated to have been in effect prior to 1890. The water rights were for the purpose of
supplying water, lights, and power to Austin and State Institutions. It also appropriated and stored
the flows and underflows of storm and rainwater from the Colorado River for generating electricity,
for domestic use, and for general municipa and State purposes. Deliberate impoundment of the

second lake at Austin began in December of 1914.

In April of 1915, aflood caused floating debris to be trapped among the crest gate piers.
Four crest gates were destroyed but wereimmediately replaced. Taylor was ableto perform another
survey within the month and calculated the lake's volume to be 32,000 acre-feet of water. In
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September of the same year another flood caused floating debris bejammed into the piers, taking out
most of the 54 crest gates. Construction had not yet been completed at the time of the September
flood, and therefore the City had not accepted the project. Construction was halted and the City
Water Company went into bankruptcy. In 1918, Mr. Guy A. Coallett, who held the note for the
incompl ete project, secured permission from Federal authorities to sell 1ake water to rice farmers

downstream, thus draining the lake (Taylor, 1924).

Taylor surveyed the lake at Austin againin 1922 and 1924. Thelake'svolumein 1924 was
found to be 2,901 acre-feet, or only 9% of the volume measured in 1913. Almost 91% of thelake's
volume was reduced by sedimentation in those eleven years. No improvements were made to the

second Austin Dam for nearly 21 years.

In 1934 the charter for the Lower Colorado River Authority (LCRA) was created by the
Texas Legidature. The purpose of the conservation/reclamation district was flood control,

generation of electricity, water supply, and conservation.

The current flood of record passed over the Austin Dam in September of 1935. The
floodwaters crested at elevation 506.2 feet. Thiswas 16.2 feet above the crest of the original dam.
Again floating debris took out most of the remaining piers of the second dam. There was

considerable damage to the crest slab of the hollow portion of the dam.

In 1937 the City of Austin executed a lease agreement with LCRA. The 30-year lease
agreement allowed LCRA to design, build, operate and maintain the dam and hydroelectric
powerhouse. The agreement alowed the City of Austin to buy hydroelectric power from LCRA.
The LCRA and Moran, Proctor, Freeman and Mueser Consulting Engineers of New Y ork were the
design engineers (Stone and Webster Engineering Corporation, 1989). Foundation and stability
analyses were conducted, and structural stress tests were performed. The site of the original dam
was used for the present day structure. The design engineers felt comfortable with the integrity of
the dam site based on all the foundation work that was to be performed.

Construction started on the present day Tom Miller Dam on July 5, 1938. LCRA served as

4



both the design engineers and construction contractors for the project (Texas Department of Water
Resources, 1979). Thework entailed foundation grouting and underpinning. Some portions of the
original dam (1890) were incorporated into the present dam. The old masonry overflow spillway
section received a new face with reinforced steel and concrete. It was also raised 2.8 feet to an
elevation of 492.8 feet. Thiselevation isthe top of the current day operating range for Lake Austin.
Thewidth of the uncontrolled ogee crest is458 feet. The hollow dam section wasrebuilt containing
nine feet wide piers spaced 60 feet apart. These pierswere anchored into the limestone foundation
and extended above the deck slab. Besidesreinforcing the hollow section of the dam, the nine piers
are used as anchor piersfor the fifty-one feet wide tainter gates. The net length for all nine tainter
gatesis 459 feet. Five of the nine gates are 51 feet wide by 12 feet tall. These gatesrest on an ogee
crest at elevation of 480.8 feet. The other four gatesare 51 feet wide by 18 feet tall. Thetotal length
of thedamis 1,590 feet. There are no outlet worksfor Tom Miller Dam. Releases are through the
penstock for the turbines located in the powerhouse. Theinvert elevation for the penstock is462.0
feet.

Two other appurtenant structures located at Lake Austin are the intake structures for the
Ulrich Water Treatment Plant (located near Tom Miller Dam) and the Davis Water Treatment Plant
(located near Mount Bonnell). The lowest operating lake level elevation for the Ulrich intake
structure is approximately 466.0 feet, and the Davis intake is approximately 475.0 feet.

Construction on the present day Tom Miller Dam was completed in 1939, and deliberate
impoundment began immediately thereafter. The same year, LCRA performed a survey of Lake
Austin and found the surface areaof Lake Austin (at elevation 492.8 feet) to be 1,830 acres, and the
total volume of Lake Austin to be 21,000 acre-feet.

On March 31,1940 the hydroel ectric power plant at Tom Miller Dam cameonline. Thedam
was dedicated on April 6, 1940. The estimated cost for the project was $3,479,309.

A significant external factor that influenced Tom Miller Dam and Lake Austin was the
completion of Mansfield Dam, located approximately 20.5 miles upstream from Tom Miller Dam, in
1942. Lake Austin today isthe sixth lake in a chain of seven lakes known as the Highland Lakes.
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With the completion of Mansfield Dam, flood flows and normal operating releases through Lake

Austin and Tom Miller Dam are much more controlled.

Certificate of Adjudication No. 14-5471 was issued June 28, 1989 by the Texas Water
Commission to the City of Austin (Texas Water Commission, 1989). The certificate authorizesthe
City of Austin to maintain an existing dam (Tom Miller Dam) and reservoir (Lake Austin) on the
Colorado River and impounds not to exceed 21,000 acre-feet of water. The owner of the certificate
was authorized to divert and use not to exceed 250,000 acre-feet of water per year from Lake Austin
for municipal use. The City of Austin can also use 150 acre-feet per annum for irrigation and can
also use the impounded waters of Lake Austin for recreation purposes. The City of Austin is
authorized to divert and use water through Tom Miller Dam for generating hydroel ectric power only
under special conditions. The conditions for generating hydroel ectric power, inner basin transfers,

priority rights and other topics are described in detail in the certificate.

Lake Austin is normally a constant level riverine lake and is operated as a “pass through”
reservoir. The operating level of the lake can vary between elevation 491.8 feet and 492.8 feet.
Releases at Tom Miller Dam are coordinated with upstream releases that are controlled by LCRA.
The dam and |ake were not designed to provide flood storage above the conservation pool eevation.
The widest point of the lake is approximately 0.2 miles and islocated about 1.2 miles upstream of
thedam. The approximate length of thelakeis20.5 miles. Thetotal drainage basinfor Lake Austin
is 38,846 sgquare miles, and of that part 11,403 square milesis probably noncontributing (USGS,
1998).

VOLUMETRIC SURVEYING TECHNOLOGY

The equipment used in the performance of the volumetric survey consists of a 23-foot
aluminum tri-hull SeaArk craft with cabin, equipped with twin 90-Horsepower Johnson outboard
motors. (Referenceto brand namesthroughout this report does not imply endorsement by TWDB).
Installed within the enclosed cabin are an Innerspace Helmsman Display (for navigation), an
Innerspace Technology Model 449 Depth Sounder and Model 443 Ve ocity Profiler, aPC, aTrimble

Navigation, Inc. 4000SE GPS receiver, and an OmniSTAR receiver. The OmniSTAR reciever isa
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subscribed service that furnishes a differential correction associated with the GPS receiver. See
Appendix G for more detailson GPS. A water-cooled generator provides electrical power through

an in-line uninterruptible power supply.

The GPS equipment, survey vessel, and depth sounder in combination provide an efficient
hydrographic survey system. As the boat travels across the lake surface, the depth sounder takes
approximately ten readings of the lake bottom each second. The depth readings are stored on the
survey vessel's on-board computer along with the positional data generated by the boat's GPS
receiver. Thedaily datafiles collected are downloaded from the computer and brought to the office
for editing after the survey iscompleted. During editing, poor-quality dataisremoved or corrected,
multiple datapoints are averaged to get one data point per second, and average depths are converted
to elevation readings based on the lake elevation recorded on the day the survey was performed.
Accurate estimates of the lake volume can be quickly determined by building a 3-D model of the
reservoir from the collected data. The level of accuracy is equivalent to or better than previous

methods used to determine |ake volumes, some of which are discussed in Appendix F.

PRE-SURVEY PROCEDURES

Thereservoir's surface area was determined prior to the survey by digitizing the lake's pool
boundary (elevation 492.8) with AutoCad software. Theboundary filewas created from three USGS
7.5-minute quadrangle maps. Austin West, TX (1988), Bee Cave, TX (1986) and Mansfield Dam,
TX (1986). A typographical error noting apool elevation of 483 feet existsonthe Austin West, TX
guadrangle map. The correct elevation as confirmed by LCRA, and the el evation assumed during
digitization, is492.8 feet. Thesurvey layout was designed by placing survey track lines at 500-foot
intervalswithin the digitized lake boundary using HY PACK software. The survey design required
the use of approximately 257 survey lines placed along the length of the lake.

SURVEY PROCEDURES

The following procedures were followed during the volumetric survey of Lake Austin
7



performed by the TWDB. Information regarding equipment calibration and operation, the field

survey, and data processing is presented.

Equipment Calibration and Operation

At the beginning of each surveying day, the depth sounder was calibrated with the Innerspace
Velocity Profiler, an instrument used to measure the variation in the speed of sound at different
depthsinthe water column. The average speed of sound through the entire water column below the
boat was determined by averaging local speed-of-sound measurements collected through the water
column. Thevelocity profiler probewasfirst placed in the water to moisten and acclimate the probe.
The probe was next raised to the water surface where the depth was zeroed. The probe was then
gradually lowered on a cable to a depth just above the lake bottom, and then raised to the surface.
During thislowering and raising procedure, local speed-of-sound measurementswere collected, from
which the average speed was computed by the velocity profiler. This average speed of sound was
entered into the I'T1449 depth sounder, which then provided the depth of the lake bottom. The depth
was then checked manually with a measuring tape to ensure that the depth sounder was properly
calibrated and operating correctly. During the survey of Lake Austin, the speed of soundinthewater
column varied from 4,834 to 4,855 feet per second. Based on the measured speed of sound for
various depths and the average speed of sound calculated for the entire water column, the depth
sounder is accurate to within +0.2 feet for the “average” depth of thelake. An additional estimated
error of +0.3 feet arises from variation in boat inclination. These two factors combine to give an
overal accuracy of +0.5 feet for any instantaneous reading. These errors tend to be insignificant
over the entire survey, since some readings are positive and some are negative. Further information

on these calculationsis presented in Appendix F.

During the survey, the onboard GPS receiver was set to ahorizontal mask of 10° and aPDOP
(Position Dilution of Precision) limit of seven to maximize the accuracy of horizontal positions. An
internal alarm soundsif the PDOP rises above seven to advisethefield crew that the estimate of the
horizontal position has degraded to an unacceptable level. Thelake' sinitialization file used by the
HY PACK data collection program was set up to convert the collected DGPS positions on-the-fly to

state-plane coordinates. Both sets of coordinates were then stored in the survey datafile.



Field Survey

Datawere collected on Lake Austin on March 3 - 5, 1999. During datacollection, the crew
had excellent weather with moderate temperatures and mild winds. Approximately 31,120 data
points were collected over the approximately 64 milestraveled. These pointswere stored digitally
on the boat's computer in 269 data files. Data were not collected in areas with significant

obstructions. Figure 2 shows the actual location of all data collection points.

Data collection for Lake Austin began at Tom Miller Dam and continued upstream to near
Mansfield Dam. The 252 cross sectiona lines were collected in 500 feet increments running
perpendicular to the original river channel. The survey crew was able to collect data in two off-
channel tributaries, Bee Creek and Bull Creek, upstream to the point the creeks became too narrow

or shallow for the boat to maneuver.

Lake Austin inundates the flood channel of the Colorado River. The approximately 20.5
milelong riverine lake meanders through the Bal cones Escarpment (Hill Country) in anorthwest to
southeast direction. The average width of the lake at Tom Miller Dam is 1,200 feet and narrows to
approximately 400 feet at the tailwaters of Mansfield Dam. The physical topography along the
perimeter of the lake consists of deep valleys and steep-sided walls.

Theland use aong the shorelines of Lake Austin from Tom Miller Dam to Commons Ford
Metropolitan Park ismostly residential development. Bulkheads protect most of thelake’ sshoreline
inthedeveloped area. Lakefront property upstream of Commons Ford to Mansfield Dam ismostly
undevel oped rural land with some pockets of residential development. Some shoreline erosion was

noticed in this area during the survey.

As the 500-foot-spacing transects were collected, the recording analog chart for the depth
sounder showed distinct patterns in different parts of the lake. The river bathymetry from Tom
Miller Dam to approximately Bull Creek wasasharp “V” shape. From Bull Creek to Panther Park,
the contour of the bottom of thelakewasmore* U”-shaped. Inthe upper reaches of Lake Austinthe
cross-section of the channel was generally flat. Asthe riverbed curved the survey crew noted the

depthsto be shallow on thefill side bank and a deeper bottom with a steep sidewall on the cut bank.
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Very often the old channel or thalweg would be defined on the analog chart as the transects were

collected. See Appendix D for cross-sections.

It should also be noted that the data coll ection was performed without encountering Eurasian
Milfoil Myriophyllum spicatum that at times is a dominant feature. At the time of the survey the
current (09/00) infestation of Hydrilla verticullata was thought to have covered only 23 acres.
Fortunately, thelake-level waslowered approximately 10 feet to kill theweed just monthsbeforethe

survey was performed.

The collected data were stored in individual datafilesfor each pre-plotted range line or
random data collection event. These files were downloaded to diskettes at the end of each day

for future processing.

Data Processing

The collected data were downloaded from diskettes onto TWDB's computer network. Tape
backups were made for future reference as needed. To process the data, the EDIT routine in the
HYPACK Program was run on each raw datafile. Data points such as depth spikes or data with
missing depth or positional information were deleted from the file. A correction for the lake
elevation at the time of data collection was al so applied to each file during the EDIT routine. During
the survey, thewater surface pool elevation varied from 492.08 to 492.23 feet according to el evation
data provided by LCRA. After all changes had been made to the raw datafile, the edited file was
saved with adifferent extension. The edited fileswere combinedintoasingle X, Y, Z datafile, to be
used with the GIS software to develop amodel of the lake bottom elevation.

The resulting data file was downloaded to a Sun Ultra 10 workstation running the UNIX
operating system. Environmental System Research Ingtitute’'s (ESRI) Arc/Info GIS software was
used to convert the datato aMASS pointsfile. The MASS points and the boundary file were then
usedto createaDigital Terrain Model (DTM) of thereservoir's bottom surface using Arc/Info's TIN
software module. The modul e generates atriangul ated irregular network (TIN) from the data points
and the boundary file using a method known as Delauney's criteriafor triangulation. A triangleis
formed between three non-uniformly spaced points, including all pointsaong theboundary. If there
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isanother point within thetriangle, additional triangles are created until al pointslie onthevertex of
a triangle. All of the data points are used in this method. The generated network of three-
dimensional triangular planes represents the actual bottom surface. With this representation of the
bottom, the software then cal cul ates elevations along the triangle surface plane by determining the
elevation along each leg of thetriangle. Thereservoir areaand volume can be determined from the

triangulated irregular network created using this method of interpolation.

Volumesand areaswere cal culated fromthe TIN for theentirereservoir at one-tenth of afoot
interval from minimum elevation to conservation pool level. From elevation 440.4 feet to 492.8 feet,
the surface areas and volumes the lake were computed using Arc/Info software. The computed
reservoir volumetableis presented in Appendix A and theareatablein Appendix B. An elevation-

area-volume graph is presented in Appendix C.

Other products developed from the model include a shaded relief map (Figure 3) and a
shaded depth range map (Figure4). To devel op these maps, the TIN was converted to alatticeusing
the TINLATTICE command and then to a polygon coverage using the LATTICEPOLY command.
Linear filtration algorithmswere applied to the DTM to produce smooth cartographic contours. The
resulting contour map of the bottom surface at two-foot intervalsis presented in Figure 5. Findly,
the location of cross-sectionsin Appendix D was approximated from those established in 1890 and
reported by Taylor (1924). No comparisons between historical and the present survey were made

due to uncertainty in water levels and exact endpoint positions.

RESULTS

Resultsfrom the 1999 TWDB survey indicate Lake Austin encompasses 1,599 surface acres
and containsatotal volume of 21,804 acre-feet at the conservation pool elevation of 492.8feet. The
shoreline at this elevation was calculated to be 57.6 miles. The deepest point physically measured
during the survey was 52.4 feet (elevation 440.4 feet), and was located approximately 720 feet

upstream of Tom Miller Dam.
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SUMMARY AND COMPARISONS

The existing Tom Miller Dam was completed and Lake Austin was impounded in 1939,
although Austin Dam was constructed and what was then Lake M cDona d wasimpounded at thissite
asearly as1893. A summary of the many volumetric surveys conducted on Lake Austin and Lake
McDonald is presented in Table 1 below.

Elevation Volume 1999 Volume at Same Elevation
Date (feet, NGVD29) (acre-feet) acre-feet
1893 490.0 49,300 17,676
1900 (Feb) 490.0 25,741 17,676
1900 (Apr) Dam breaks
1913 481.0 32,025 7,626
1915 481.0 32,000 7,626
1922 481.0 5,362 7,626
1924 481.0 2,901 7,626
1935 Dam breaks
1939 492.8 21,000 21,804

1942 Mansfield Dam compl eted

Table 1. Volume comparisons for surveys conducted since 1893 on Lake Austin and Lake
McDonald.

During March 3, 4, and 5, 1999, staff from the Texas Water Development Board's Surface
Water Section completed a volumetric survey of Lake Austin. The 1999 survey took advantage of
technological advances such asdifferential global positioning system and geographical information
system technology to create adigital model of the reservoir's bathymetry. With these advances, the
survey was completed more quickly and significantly more bathymetric datawere collected thanin
previous surveys. Resultsindicate that the lake's volume at the conservation pool el evation of 492.8

feet is 21,804 acre-feet, with a corresponding surface area of 1,599 acres.

Comparing thefindingsfrom the 1939 survey to the current survey, the estimated increasein
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volume at conservation pool elevation 492.8 feet is 725 acre-feet (+3.5%). This change is
insignificant in comparison to changes observed between earlier surveys, and is aso insignificant
when compared to differences found between earlier surveys and the 1999 survey at comparable
elevations. Between 1893 and 1900, therewasalossin volume of roughly 3,400 acre-feet/year, and
between 1913 and 1924, thelossrate wasroughly 2,600 acre-feet/year. Lake Austin appearsto have
reached an equilibrium with respect to sedimentation, likely due to the construction between 1938
and 1951 of the complex of dams comprising the Highland Lakes. Although somedifferencesamong
results may arise from differencesin surveying procedures and technol ogy, there isno question that
the present sediment loading on Town Lakeisasmall fraction of theloading experienced inthe past.
It isrecommended that asimilar survey be carried out in fiveto ten years or after major flood events
to monitor changes to the lake's storage volume and to more clearly establish the current

sedimentation rates.
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VOLUME IN ACRE-FEET

Lake Austin

Appendix A

RESERVOIR VOLUME TABLE
TEXAS WATER DEVELOPMENT BOARD

ELEVATION INCREMENT IS ONE TENTH FOOT

May 1999 SURVEY

ELEVATION

in Feet 0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9
440 0 0 0 0 0 0
441 0 0 0 0 0 0 0 0 0 0
442 0 0 1 1 1 1 1 1 1 1
443 2 2 2 2 2 2 3 3 3 3
444 3 B 4 4 5 5 5 6 6 6
445 7 T T 8 8 9 9 9 10 10
446 11 11 12 12 13 14 14 15 15 16
447 17 17 18 19 19 20 21 21 22 23
448 24 25 25 26 27 28 29 30 3 32
449 33 34 35 36 37 38 39 40 41 42
450 43 45 46 47 48 49 51 52 53 55
451 56 57 59 60 62 63 65 66 68 69
452 7 73 74 76 78 79 81 a3 as 87
453 88 90 92 94 96 98 100 102 104 107
454 109 11 113 115 118 120 122 125 127 130
455 132 135 137 140 143 145 148 151 154 187
456 160 163 166 169 172 175 178 181 184 188
457 191 185 198 202 205 209 212 216 220 224
458 228 231 235 239 244 248 252 256 261 265
458 269 274 279 283 288 293 298 303 308 313
460 318 324 329 335 340 346 352 358 364 370
461 ar7 383 390 397 403 410 M7 425 432 439
462 447 4585 462 470 478 486 4895 503 512 520
463 528 538 547 556 566 576 585 595 606 616
464 627 638 649 660 671 683 695 707 719 732
465 745 758 77 784 798 812 826 841 855 870
466 885 900 916 932 948 964 981 998 1015 1032
467 1050 1068 1087 1105 1125 1144 1164 1184 1204 1224
468 1245 1267 1288 1310 1333 13565 1378 1401 1425 1449
469 1474 1498 1524 1549 1575 1602 1628 1656 1683 1711
470 1740 1769 1798 1827 1858 1888 1919 1950 1982 2014
471 2046 2079 2112 2146 2180 2214 2249 2285 2320 2356
472 2393 2430 2467 2505 2543 2582 2621 2660 2700 2741
473 2782 2823 2864 2906 2949 2992 3035 3079 3123 3168
474 3213 3259 3305 3351 3398 3445 3493 3541 3590 3639
475 3689 3739 3789 3840 3892 3944 3996 4049 4102 4156
476 4211 4265 4321 43786 4433 4489 4547 4605 4663 4722
477 4781 4841 4901 4962 5023 5085 5148 5211 5275 5339
478 5403 5469 5534 5601 5668 5735 5803 5872 5941 8011
479 6081 6152 6224 6296 6370 6443 6517 6582 6668 6744
480 6821 6899 6977 7056 7135 7215 7296 7378 7460 7543
481 7626 771 7795 7881 7967 8054 8142 8230 8319 8408
482 8459 8591 8682 8775 8868 8962 9056 9151 9247 9343
483 9440 9537 9635 9734 9833 9933 10033 10134 10235 10337
484 10440 10543 10647 10751 10856 10962 11068 11175 11282 11390
485 11489 11608 11718 11829 11940 12052 12164 12278 12391 12506
486 12621 12736 12852 12969 13087 13205 13323 13442 13562 13682
487 13803 13925 14047 14189 14292 14416 14540 14665 14730 14816
488 15043 15170 15298 15427 15556 15686 15816 15948 16079 16212
489 16345 18478 16613 16747 16883 17019 17155 17293 17430 17568
480 17707 17847 17986 18127 18268 18409 18551 18694 18837 18580
491 19125 19269 19414 19560 18706 19853 20000 20148 20296 20444
492 20594 20743 20883 21044 21195 21347 21499 21651 21804




TEXAS WATER DEVELOPMENT BOAR

AREA IN ACRES

Lake Austin

Appendix B

RESERVOIR AREA TABLE

D

ELEVATION INCREMENT IS ONE TENTH FOOT

May 1999 SURVEY

ELEVATION

in Feet 0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9
440 0 0 0 0 0 0
441 0 0 0 0 0 0 0 0 1 1
442 1 1 1 1 1 i 1 1 1 1
443 2 2 2 2 2 2 2 2 2 2
444 3 3 3 3 3 3 3 3 3 4
445 4 4 4 4 4 4 4 5 5 5
448 5 5 5 5 6 6 6 6 6 6
447 6 7 7 7 7 T 7 8 8 8
448 8 8 8 9 9 9 9 9 9 10
449 10 10 10 10 11 11 " 1 1 11
450 12 12 12 12 12 13 13 13 13 14
451 14 14 14 14 15 18 15 15 16 16
452 16 16 17 17 17 17 18 18 18 19
453 19 19 19 20 20 20 21 21 21 22
454 22 22 23 23 23 24 24 24 25 25
455 25 26 26 26 27 27 28 28 28 29
456 29 30 30 31 31 32 32 32 33 33
457 34 34 35 35 36 36 37 a7 38 38
458 39 40 40 4 41 42 43 43 44 44
458 45 46 47 47 48 49 50 50 51 52
460 53 54 56 56 57 58 59 61 62 63
461 64 65 67 68 69 70 ¥ 73 74 75
462 76 77 78 80 81 82 83 85 86 87
463 89 90 92 94 96 98 99 101 103 105
464 107 109 111 114 116 118 120 122 125 127
465 129 131 134 136 138 140 143 145 147 150
466 152 154 157 159 162 165 168 17 174 176
467 179 183 186 189 192 185 198 202 205 208
468 211 214 218 221 224 228 231 235 238 242
469 246 250 254 258 262 266 270 274 278 282
470 287 291 295 299 303 307 311 315 319 323
471 326 330 334 338 342 347 361 355 359 363
472 367 3an 376 380 384 389 393 397 402 4086
473 410 414 419 423 427 431 436 440 445 449
474 453 458 462 467 471 476 480 485 489 494
475 499 503 508 513 517 522 526 531 536 541
476 545 550 555 560 565 570 575 581 586 591
477 596 601 606 611 617 622 627 633 638 644
478 649 655 661 666 672 678 683 689 695 702
479 708 714 720 727 733 740 746 752 758 765
480 772 779 785 792 798 805 812 819 825 832
© 481 839 846 853 880 866 873 880 887 894 900
482 907 914 921 928 934 941 947 953 960 566
483 971 977 983 988 995 1000 10086 1012 1017 1023
484 1029 1035 1040 10486 1053 1059 1065 1071 1078 1084
485 1080 1096 1103 1109 1115 1122 1128 1134 1140 1147
486 1153 1159 1165 1171 177 1183 1189 1194 1200 1208
487 1211 1217 1223 1228 1234 1240 1245 1251 1257 1263
488 1269 1275 1282 1289 12896 1302 1308 1314 1321 1327
489 1333 1340 1346 1352 1357 1363 1368 1374 1379 1385
480 1390 1396 1401 1407 1412 1417 1423 1428 1433 1438
481 1444 1449 1454 1459 1464 1469 1474 1479 1484 1489

492 1494 1499 1504 1509 1513 1518 1523 1528 1599
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Elevation (ft)

Lake Austin Sedimentation Range #1
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Elevation (ft)

Lake Austin Sedimentation Range #2
Morman Falls

[——1999]

500
|
B | B’
[ o , ;
| ! | i
490 3, : - — d
/‘
Y A~
A [ i
\\ | >
\ P e T T
N |
\\ | /\\ ///
Y |
480 a o | v Xl =F
W | | |
\\ /j‘!
% | /-/
% g '
h //
N\, /-’
N |
470 : 4 =
N £
L% r
i #
\\ ;"J
" /
N, f/
N
\\ /
'\ 7
A
460 — ,’!
AY ,’
Y Fd
Y 7
A f’
5\ / |
L / | |
\\. .f'; I |
\\ /f |
% 7 | | \
X Fd | | |
450 - % # i b :
\\k ‘.:/ ! i
Bt # | |
\\ / | i
\ / | |
\ 3 | | [
ra 1
& 1 ! ;
| |
TP 3 P VTR | MR et sl e — PG, NSRS NSRET USRS S
0 100 200 300 400 500 600 700 800 900 1000 1100 1200 1300
Distance (ft)

Appendix E



Elevation (ft)

Lake Austin Sedimentation Range #3

Dry Creek
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Elevation (ft)

Lake Austin Sedimentation Range #4

Bull Creek
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Lake Austin Sedimentation Range #5
Ennis Farm
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Lake Austin Sedimentation Range #6
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Lake Austin Sedimentation Range #7

Ogorita / Cottonwood
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Lake Austin Sedimentation Range #8

McNeill’s Lane
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Elevation (ft)

Lake Austin Sedimentation Range #9
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Lake Austin Sedimentation Range #10
Santa Monica
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Elevation (ft)
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Elevation (ft)

Lake Austin Sedimentation Range #13

Honey Creek
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Elevation (ft)

Lake Austin Sedimentation Range #15
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APPENDIX F - DEPTH SOUNDER ACCURACY

This example was extracted from the Innerspace Technol ogy, Inc. Operation Manual for the Model
443 Vel ocity Profiler.

For the following examples, to = (D - d)/V
Where:tp = travel time of the sound pulse, in seconds (at depth = D)
D = depth, in feet
d =draft = 1.2 feet
V = speed of sound, in feet per second
To caculate the error of a measurement based on differences in the actual versus average
speed of sound, the same equation is used, in this format:
D =[t(V)]+d
For the water column from 2 to 30 feet: V = 4832 fps
t3o = (30-1.2)/4832
= 0.00596 sec.
For the water column from 2 to 45 feet: V = 4808 fps

tas =(45-1.2)/4808
=0.00911 sec.

For ameasurement at 20 feet (within the 2 to 30 foot column with V = 4832 fps):

Dao = [((20-1.2)/4832)(4808)] +1.2
=199  (-0.1)

For ameasurement at 30 feet (within the 2 to 30 foot column with V = 4832 fps):
D3o = [((30-1.2)/4832)(4808)] +1.2
=29.9 (-0.1)
For ameasurement at 50 feet (within the 2 to 60 foot column with V = 4799 fps):

Dso = [((50-1.2)/4799)(4808)]+1.2
=501  (+0.1)



For the water column from 2 to 60 feet: V = 4799 fps Assumed Vg = 4785 fps

te0 :(60- 1. 2)/ 4799
=0.01225 sec.

For ameasurement at 10 feet (within the 2 to 30 foot column with V = 4832 fps):

Dio = [((10-1.2)/4832)(4799)]+1.2
=99 (-0.1)

For ameasurement at 30 feet (within the 2 to 30 foot column with V = 4832 fps):

Dao = [((30-1.2)/4832)(4799)]+1.2
=298  (-0.2)

For ameasurement at 45 feet (within the 2 to 45 foot column with V = 4808 fps):

Das = [((45-1.2)/4808)(4799)]+1.2
=449  (-0.1)

For ameasurement at 80 feet (outside the 2 to 60 foot column, assumed V = 4785 fps):

Deo = [((80-1.2)/4785)(4799)] +1.2
=802  (+0.2)



APPENDIX G - GPS BACKGROUND

GPS Information

The following is a brief and simple description of Globa Positioning System (GPS)
technology. GPS is arelatively new technology that uses a network of satellites, maintained in
precise orbits around the earth, to determine locations on the surface of the earth. GPS receivers
continuously monitor the satellite broadcaststo determinethe position of thereceiver. With only one
satellite being monitored, the point in question could be located anywhere on a sphere surrounding
the satellite with aradius of the distance measured. The observation of two satellites decreases the
possible location to a finite number of points on a circle where the two spheres intersect. With a
third satellite observation, the unknown location is reduced to two points where all three spheres
intersect. One of these pointsislocated in space, and is ignored, while the second is the point of
interest located on earth. Although three satellite measurements can fairly accurately locate a point
on the earth, the minimum number of satellites required to determine athree dimensional position
within the required accuracy is four. The fourth measurement compensates for any time

discrepancies between the clock on board the satellites and the clock within the GPS receiver.

The United States Air Force and the defense establishment devel oped GPStechnology inthe
1960's. After programfundingintheearly 1970's, theinitial satellite waslaunched on February 22,
1978. A four-year delay in the launching program occurred after the Challenger space shuttle
disaster. In 1989, the launch schedule was resumed. Full operational capability was reached on
April 27, 1995 when the NAVSTAR (NAVigation System with Time And Ranging) satellite
constellation was composed of 24 Block Il satellites. Initial operational capability, a full
constellation of 24 satellites, in a combination of Block | (prototype) and Block Il satellites, was
achieved December 8, 1993. The NAV STAR satellites provide data based on the World Geodetic
System (WGS '84) spherical datum. WGS '84 is essentially identical to the 1983 North American
Datum (NAD '83).

The United States Department of Defense (DOD) is currently responsible for implementing
and maintaining the satellite constellation. In an attempt to discourage the use of these survey units
as a guidance tool by hostile forces, DOD implemented means of false signal projection called

Selective Availability (S/A). Positions determined by a single receiver when S/A isactiveresultin



errors to the actual position of up to 100 meters. These errors can be reduced to centimeters by
performing a static survey with two GPS receivers, of which one is set over a point with known
coordinates. The errors induced by S/A are time-constant. By monitoring the movements of the
satellites over time (one to three hours), the errors can be minimized during post processing of the

collected data and the unknown position computed accurately.

Differential GPS (DGPS) is an advance mode of satellite surveying in which positions of
moving objects can be determinein real-time or "on-the-fly." Thistechnological breakthroughwas
the backbone of the devel opment of the TWDB’ sHydrographic Survey Program. Intheearly stages
of the program, one GPS receiver was set up over abenchmark with known coordinates established
by the hydrographic survey crew. Thisreceiver remained stationary during the survey and monitored
the movements of the satellitesoverhead. Position correctionswere determined and transmitted viaa
radio link once per second to another GPS receiver located on the moving boat. The boat receiver
used these corrections, or differences, in combination with the satellite information it received to
determineitsdifferential location. Thistype of operation can provide horizonta positiona accuracy
within one meter. Inaddition, thelarge positional errors experienced by asinglereceiver when S/A
is active are negated. The lake surface during the survey serves as the vertical datum for the
bathymetric readings from a depth sounder. The sounder determinesthe lake's depth below agiven

horizontal location at the surface.

The need for setting up a stationary shorereceiver for current surveys has been eliminated by
registration with afee-based satellite reference position network (OmniSTAR). Thisserviceworks
on aworldwide basisin adifferential mode basically the same way as the shore station. For agiven
areain theworld, anetwork of several monitoring sites (with known positions) collect GPS signals
from the NAVSTAR network. GPS corrections are computed at each of these sitesto correct the
GPS signal received to the known coordinates of the site. The correction corresponding to each site
isautomatically sent to a“Network Control Center” where they are checked and repackaged for up-
link to a “Geostationary” L-band satellite. The “real-time” corrections are then broadcast by the
satellite to users of the system in the area covered by that satellite. The OmniSTAR receiver
trangatesthe information and suppliesit to the on-board Trimblereceiver for correction of theboat’s

GPS positions. The accuracy of this system in areal-time mode is normally 1 meter or less.



Previous Survey Procedures

Originally, reservoir surveyswere conducted by stretching arope acrossthe reservoir along
pre-determined range lines and, from a small boat, poling the depth at selected intervals along the
rope. Over time, aircraft cable replaced the rope and electronic depth sounders replaced the pole.
The boat was hooked to the cable, and depthswere recorded at selected intervals. Thismethod, used

mainly by the Soil Conservation Service, worked well for small reservairs.

Larger bodies of water required more involved means to accomplish the survey, mainly due
toincreased size. Cables could not be stretched across the body of water, so surveying instruments
were utilized to determine the path of the boat. Monumentswere set at the end points of each line so
the same lines could be used on subsequent surveys. Prior to a survey, each end point had to be
located (and sometimes reestablished) in the field and vegetation cleared so that line of sight could
be maintained. One surveyor monitored the path of the boat and issued commands via radio to
insurethat it remained on line while asecond surveyor determined the horizontal location by turning
angles. Sinceit took amajor effort to determine each of the points along theline, the depth readings
were spaced quite adistance apart. Another major cost wasthe land surveying required prior to the

reservoir survey to locate the range line monuments and clear vegetation.

Electronic positioning systems were the next improvement. Continuous horizontal
positioning by electronic means allowed for the continuous collection of depth soundings by boat. A
set of microwave transmitters positioned around the lake at known coordinates allowed the boat to
receive data and calculate its position. Line of site was required, and the configuration of the
transmitters had to be such that the boat remained within the angles of 30 and 150 degrees with
respect to the shore stations. The maximum range of most of these systems was about 20 miles.
Each shore station had to be accurately located by survey, and the location monumented for future
use. Any errors in the land surveying resulted in significant errors that were difficult to detect.
Large reservoirs required multiple shore stations and a crew to move the shore stations to the next

location as the survey progressed. Land surveying remained a major cost with this method.



More recently, aerial photography has been used prior to construction to generate elevation
contours from which to calculate the volume of the reservoir. Fairly accurate results could be
obtained, although the vertical accuracy of the aerial topography isgenerally one-half of the contour
interval or + five feet for a ten-foot contour interval. This method can be quite costly and is

applicable only in areas that are not inundated.
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