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LAKE CONROE
HYDROGRAPHIC SURVEY REPORT

INTRODUCTION

Staff of the Hydrographic Survey Unit of the TexasWater Development Board (TWDB)
conducted a hydrographic survey on Lake Conroeduring the period of March 4 through April
3, 1996. The purpose of the survey was to determine the capacity of the lake at the
conservation pool elevation and to establish basdine information for future surveys. From this
infor mation, future surveys will be able to deter mine sediment deposition locations and rates
over time. Survey results are presented in the following pages in both graphical and tabular
form. All elevations presented in thisreport will bereported in feet above mean sea level based
on the National Geodetic Vertical Datum of 1929 (NGVD '29) unless noted otherwise.
According to previousrecords, theinitial surface area of L ake Conroe at the conservation pool
elevation of 201.0 feet was 20,985 acreswith a corresponding initial capacity of 430,260 acr e-

feet.

HISTORY AND GENERAL INFORMATION OF THE RESERVOIR

Lake Conroe is located on the West Fork of the San Jacinto River in Walker and
Montgomery Counties, approximately seven miles northwest of Conroe, TX. Thewater rights
to Lake Conroe are owned by the San Jacinto River Authority and the City of Houston. The
lake and dam facility are maintained by the San Jacinto River Authority. Inflowsto the lake
originate over a445 squaremiledrainagearea. At the conservation capacity pool elevation, the
lakeisapproximately 19 mileslong and five mileswide at itswidest point and has approximately
150 miles of shor€line.

Construction of Lake Conroe began in February, 1970 and was completed in January,



1973. Freese, Nichols and Endress Engineering Inc. designed the project and H. B. Zachery
Company wasthe general contractor. The project cost an estimated $30,000,000. Conroe Dam
isan earthfill embankment, 11,300 feet in length including the levees. The crest elevation of the
dam is 212.0 feet and has a height of 82 feet above the old riverbed. A controlled spillway is
located near the center of the embankment. The spillway isa concrete ogee crest, 200 feet in
length with a crest elevation of 173.0 feet. Control for the spillway consists of five tainter gates,
40 feet by 30 feet with thetop elevation of 202.5 feet. L ow flow releases are made through a
separ ate multi-gated inlet tower. Two of the gatesarefour feet by six feet, thethird gateisfive
feet by fivefeet. Theinvert for thelowest outlet in the control tower is144.5. Dischargesare

through a 10 foot diameter concrete conduit through the dam.

Permit Number 1962 was issued June 9, 1960 to the San Jacinto River Authority
authorizing the impoundment of 380,400 acre-feet of water. Theannual allotted diversonswere
66,000 acr e-feet for municipal use, 28,500 for industrial use and 5,500 acr e-feet for mining use.
On August 31, 1965 the permit was amended to allow thereéocation of the dam and to increase
the impoundment capacity to 430,260 acre-feet. Certificate of Adjudication Number 10-4963
wasissued by the TexasWater Commission on February 25, 1987. The Certificate gavethe San
Jacinto River Authority and the City of Houston diversion rights and uses as stated in the
amended permit including the right to use the impounded waters of Lake Conroe for non-

consumptive recreational purposes.

HYDROGRAPHIC SURVEYING TECHNOLOGY

Thefollowing sectionswill describe the equipment and methodology used to conduct this

hydrographic survey. Some of the theory behind Global Positioning System (GPS) technology

and itsaccuracy are also addr essed.

GPS Information



The following is a brief and smple description of Global Positioning System (GPS)
technology. GPSisa 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
continuoudy monitor the broadcasts from the satellites to deter mine the position of the receiver.
With only one satellite being monitored, the point in question could be located anywhereon a
sphere surrounding the satellite with a radius of the distance measured. The observation of two
satellites decr eases the possible location to a finite number of pointson a circle where the two
spheresintersect. With a third satellite observation, the unknown location is reduced to two
points where all three spheresintersect. One of these pointsis obvioudy in error because its
location is in space, and it is ignored. Although three satellite measurements can fairly
accur ately locate a point on the earth, the minimum number of satellites required to determine
a three 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 GPSreceiver.

GPS technology was developed in the 1960s by the United States Air Force and the
defense establishment. After program funding in the early 1970s, the initial satellite was
launched on February 22, 1978. A four year delay in the launching program occurred after the
Challenger space shuttledisaster. 1n 1989, the launch schedule wasresumed. Full operational
capability will be reached when the NAVSTAR (NAVigation System with Time And Ranging)
satellite constellation is composed of 24 Block 11 satellites. At thetime of the survey, the system
had achieved initial operational capability. A full constellation of 24 satellites, in a combination
of Block | (prototype) and Block Il satellites, was fully functional. The NAVSTAR satellites
provide data based on the World Geodetic System (WGS '84) spherical datum. WGS '84 is
essentially identical to NAD '83.

The United States Department of Defense (DOD) is currently responsible for
implementing and maintaining the satellite constellation. In an attempt to discour age the use of
these survey unitsasa guidance tool by hostile for ces, the DOD hasimplemented means of false

signal projection called Selective Availability (S/A). Positions determined by a single receiver



when S/A isactiveresult in errorsto the actual position of up to 100 meters. Theseerrorscan
be reduced to centimeter s by performing a static survey with two GPSreceivers, one of which
isset over a point with known coordinates. Theerrorsinduced by SA aretime-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

accur ately.

Differential GPS (DGPS) can deter mine positions of moving objectsin real-timeor " on-
the-fly." Intheearly stagesof this program, one GPS receiver was set up over a benchmark
with known coor dinates established by the hydrographic survey crew. Thisreceiver remained
stationary during the survey and monitored the movements of the satellites overhead. Position
corrections wer e determined and transmitted viaaradio link once per second to a second GPS
receiver located on the moving boat. Theboat recelver used these corrections, or differences,
in combination with the satellite infor mation it received to determine its differential location.

The large positional errors experienced by a single receiver when S/A is active are greatly
reduced by utilizing DGPS. Thereferencereceiver calculates satellite correctionsbased on its
known fixed position, which resultsin positional accuracies within three metersfor the moving
receilver. DGPS was used to determine horizontal position only. Vertical information was

supplied by the depth sounder.

The need for setting up a stationary shore receiver for current surveys has been
eliminated with the development of fee-based refer ence position networks. These networ ks use
a small network of GPS receivers to create differential corrections for a large network of
transmitting stations, Wide Area Differential GPS (WADGPS). The TWDB receives this
servicefrom ACCQPOINT, a WADGPS correction network usng FM radio broadcast. A small
radio receiver purchased from ACCQPOINT, collects positional correction infor mation from the
closest broadcast station and providesthe data to the GPSreceiver on board the hydrographic

surveying boat to allow the position to be dfferentially corrected.

Equipment and M ethodology



The equipment used in the perfor mance of the hydrographic survey conssted of a 23-foot
aluminum tri-hull SeaArk craft with cabin, equipped with twin 90-Hor sepower Johnson outboard
motors. Installed within the enclosed cabin are an Innerspace Helmsman Display (for
navigation), an Innerspace Technology Modd 449 Depth Sounder and Model 443 Veocity
Profiler, a Trimble Navigation, Inc. 4000SE GPS receiver, an ACCQPOINT FM receiver, and
an on-board computer. Power was provided by a water-cooled generator through an in-line
uninterruptible power supply. Reference to brand names does not imply endor sement by the
TWDB.

The GPS equipment, survey vessal, and depthsounder combine together to provide an
efficient hydrographic survey system. Asthe boat travels across the lake surface, the depth
sounder gathers approximatey ten readings of the lake bottom each second. The depth readings
are stored on the survey vessal's on-board computer along with the corrected positional data
generated by the boat's GPSreceiver. Thedaily data files collected are downloaded from the
computer and brought to the office for editing after the survey iscompleted. During editing, bad
dataisremoved or corrected, multiple data points are aver aged to get one data point per second,
and average depths are converted to elevation readings based on the daily recorded lake
elevation on the day the survey was performed. Accurate estimates of the lake volume can be
quickly determined by building a 3-D modéd of thereservoir from the collected data. Thelevel
of accuracy isequivalent to or better than previous methods used to determine lake volumes,

some of which are discussed below.

Previous Survey Procedures

Originally, reservoir surveyswere conducted with arope stretched acrossthereservoir
along pre-determined range lines. A small boat would manually pole the depth at selected
intervals along the rope. Over time, aircraft cable replaced the rope and electronic depth
soundersreplaced the pole. The boat was hooked to the cable, and depths wer e again recor ded
at selected intervals. This method, used mainly by the Soil Conservation Service, worked well



for small reservoirs.

Larger bodies of water required moreinvolved means to accomplish the survey, mainly
dueto increased size. Cables could not be stretched across the body of water, so surveying
instrumentswer e utilized to deter mine the path of the boat. M onumentation was set for theend
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 insure that it remained on line while a second surveyor
determined depth measurement locations by turning angles. Since it took a major effort to
determine each of the points along the line, the depth readings wer e spaced quite a distance
apart. Another major cost was the land surveying required prior to the reservoir survey to

locate the range line monuments and clear vegetation.

Electronic positioning systems were the next improvement. If triangulation could
determine the boat location by electronic means, then the boat could take continuous depth
soundings. A set of microwave transmitters positioned around the lake at known coor dinates
would allow the boat to receive data and calculateits position. Line of site was required, and
the configuration of the transmittershad to be such that the boat remained within the angles of
30 and 150 degrees in respect to the shore stations. The maximum range of most of these
systemswas about 20 miles. Each shore station had to be accur ately located by survey, and the
location monumented for future use. Any errorsin the land surveying resulted in significant
errorsthat weredifficult to detect. Largereservoirsrequired multiple shore stationsand a crew
to move the shore stations to the next location as the survey progressed. Land surveying was

still amajor cost.

Another method used mainly prior to congtruction utilized aerial photography to gener ate
elevation contours which could then be used to calculate the volume of the reservoir. Fairly
accur ate results could be obtained, although the vertical accuracy of the aerial topography was

generally one-half of the contour interval or + five feet for a ten-foot contour interval. This



method could be quite costly and was only applicablein areasthat were not inundated.

PRE-SURVEY PROCEDURES

Thereservoir's surface area was determined prior to the survey by digitizing with AutoCad
softwar ethe lake' s conser vation pool boundary from USGS quad sheets. The name of the quad
sheetsareasfollows: COWL SPUR, TX. 1958 (Photorevised 1976), SHEPARD HILL, TX. 1958
(Photorevised 1976), KEENAN, TX. 1962 (Photorevised 1976), SAN JACINTO, TX. 1959
(Photorevised 1976), MONTGOMERY, TX. 1959 (Photorevised 1976) and MOORE GROVE,
TX. 1959 (Photorevised 1976). The graphic boundary file created was then transformed into
the proper datum, from NAD '27 datum to NAD '83, using Environmental Systems Research
Ingtitutes s (ESRI) Arc/Info project command with the NADCOM parameters. Thearea of the

lake boundary was checked to verify that the area was the same in both datums.

The survey layout was designed by placing survey track linesat 500 foot intervals acr oss
thelake. Thesurvey design for thislake required approximately 455 survey linesto be placed
along thelength of thelake. Survey setup fileswer e created using Coastal Oceangraphics, Inc.
“Hypack” softwarefor each group of track linesthat represent a specific section of the lake.

The setup files wer e copied onto diskettes for use during thefield survey.

SURVEY PROCEDURES

Thefollowing procedures wer e followed during the hydrographic survey of Lake Conroe

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

survey, and data processing is presented.

Equipment Calibration and Operation



During the survey, the onboard GPSreceiver was set to a horizontal mask of 10° and a
PDOP (Postion Dilution of Precison) limit of 7 to maximize the accuracy of horizontal positions.
An internal alarm sounds if the PDOP rises above seven to advise the field crew that the

horizontal position has degraded to an unacceptable level.

At the beginning of each surveying day, the depth sounder was calibrated with the
Innerspace Velocity Profiler. The Veocity Profiler calculates an average speed of sound
through the water column of interest for a designated draft value of the boat (draft is the
vertical distance that the boat penetrates the water surface). The draft of the boat was
previoudy determined to average 1.2 ft. The velocity profiler probeisplaced in the water to
moisten and acclimate the probe. Theprobeisthen raised to the water surface where the depth
iszeroed. Theprobeis lowered on acabletojust below the maximum depth set for the water
column, and then raised to the surface. Theunit digplays an average speed of sound for a given
water depth and draft, which isentered into the depth sounder. The depth value on the depth
sounder wasthen checked manually with a measuring tape to ensurethat the depth sounder was
properly calibrated and operating correctly. During the survey of Lake Conroe, the speed of
sound in thewater column varied daily between 4780 and 4889 feet per second. Based on the
measur ed speed of sound for various depths, and the aver age speed of sound calculated for the
entirewater column, the depth sounder isaccurateto within +0.2 feet, plusan estimated error
of +0.3 feet dueto the plane of the boat for atotal accuracy of +0.5 feet for any instantaneous
reading. Theseerrorstend to be minimized over the entire survey, since some are plusreadings
and some areminusreadings. Further information on these calculationsis presented in Appendix
A.

Field Survey

Data was collected on L ake Conroe during the period of March 4 through April 3, 1996.
Approximately 233,751 data points wer e collected over the 348 milestraveled along the pre-
planned survey lines and the random data-collection lines. These pointswere stored digitally on

the boat's computer in 495 data files. Data were not collected in areas of shallow water (depths



lessthan 3.0 ft.) or with significant obstructions unlessthese areas r epresented a large amount
of water. Random data points wer e collected, when determined necessary by thefield crew.

Figure 2 showsthe actual location of the data collection points.

While collecting data, TWDB staff observed the lake bottom to be fairly uniform
upstream of the dam in the main reservoir area yet the old creek and river channels could still
be distingushed on the analog charts. Lake Conroewasfairly clear of navigational hazards such
as stumps in the main body of the lake. The crew did encounter large areas of ssumps and
shallows in the upper reaches of Caney Creek and certain areas upstream of the bridges of
County Roads 1097 and 1375. A largepart of the down time during the data collection was due
to theinclimate weather, especially high winds.

The collected data were stored in individual data filesfor each pre-plotted rangeline or
random data collection event. Thesefileswere downloaded to diskettes at the end of each day

for future processing.

Data Processing

The collected data were down-loaded from diskettes onto the TWDB's computer
network. Tape backupswere made for futurereference asneeded. To processthedata, the
EDIT routinein the Hypack Program wasrun on each raw datafile. Data points such as depth
spikesor data with missing depth or positional information were deleted from thefile. Thedepth
information collected every 0.1 secondswas aver aged to get onereading for each second of data
collection. A correction for thelake elevation at the time of data collection was also applied to
each file during the EDIT routine. During the survey, the water surface ranged daily from
200.70 to0 200.93 feet. After all changeshad been madeto theraw datafile, the edited file was
saved with a different extension. After all thefileswere edited, the edited fileswere combined
into asingle datafile, representative of the lake, to be used with the GI S softwar e to develop

amodel of the lake's bottom surface.



Theresulting DOS data file was imported into the UNI X operating system used to run
Environmental System Resear ch Institutes's (ESRI) Arc/Info GIS software. The latitude and
longitude coor dinates of each point were then converted to decimal degrees by a UNIX awk
command. Theawk command manipulatesthe data file format into a MASS points format for

use by the GI S software. The graphic boundary file previoudy digitized was also imported.

Theboundary and MASS pointsfileswere graphically edited using the Arc/Edit module.

The MASS pointsfile was converted into a point coverage and plotted along with the boundary
file. If data points were collected outside the boundary file, the boundary was modified to
include the data points. Also, the boundary near the edges of the lake in areas of significant
sedimentation was down-sized to reflect the observations of the field crew. The resulting
boundary shape was consider ed to be the acreage at the conservation pool elevation of the lake.
This was calculated as 20,118 acres for Lake Conroe. The Board does not represent the

boundary, as depicted in thisreport, to be a detailed actual boundary. Instead, it isa graphical
approximation of the actual boundary used solely to compute the volume and ar ea of the lake.
The boundary does not represent thetrue land versus water boundary of thelake. An aerial

topographic map of the upper four feet of the lake or an aerial photo taken when thelakeisat
the conservation pool eevation would more closdly define the present boundary. However, the

minimal increase in accuracy does not appear to offset the cost of those services at thistime.

Theedited MASS pointsand modified boundary file were used to create a Digital Terrain
Modd (DTM) of thereservoir's bottom surface using Arc/Info’'s TIN module. The module builds
an irregular triangulated network from the data pointsand the boundary file. This software uses
a method known as Delauney's criteria for triangulation. A triangleisformed between three
non-uniformly spaced points, including all points along the boundary. If thereisanother point
within thetriangle, additional triangles are created until all pointslie on the vertex of atriangle.
All of thedata pointsare preserved for usein deter mining the solution of the model by using this
method. The generated network of three-dimensional triangular planes represents the actual
bottom surface. Once thetriangulated irregular network (TIN) isformed, the software then

calculates elevations along the triangle surface plane by solving the equationsfor eevation along
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each leg of thetriangle. Information for the entirereservoir area can be determined from the

triangulated irregular network created using this method of inter polation.

There were some ar eas wher e values could not be calculated by interpolation because
of alack of information along the boundary of thereservoir. "Flat triangles' were drawn at
these locations. Arc/Info does not useflat triangle areasin the volume or contouring features
of the model. Approximately 3,936 additional points were required for interpolation and
contouring of theentirelake surface. The TIN product calculated the surface area and volume
of the entire reservoir at one-tenth of a foot intervals from the three-dimensional triangular
plane surface representation. The computed reservoir volume tableis presented in Appendix
B and theareatablein Appendix C. An eevation-area-volume graph is presented in Appendix
D.

Other presentations developed from the model include a shaded rdief map and a shaded
depth range map. To develop the shaded relief map, the three-dimensional triangular surface
was modified by a GRIDSHADE command. Colorswereassigned to different elevation values
of thegrid. Usng the command COLORRAMP, a st of colorsthat varied from navy to yelow
wascreated. Thelower elevation wasassgned the color of navy, and the lake conservation pool
elevation was assigned the color of yellow. Different color shades wer e assigned to the different
depthsin between. Figure 4 presents the resulting depth shaded representation of the lake.
Figure 5 presents a similar version of the same map, using bands of color for selected depth
intervals. The color increasesin intensity from the shallow contour bands to the deep water

bands.
The DTM was then smoothed and linear smoothing algorithms were applied to the
smoothed modd to produce smoother contours. Theresulting contour map of the bottom surface

at ten-foot intervalsis presented in Figure 6.

RESULTS
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Results from the 1996 survey indicate L ake Conroe now encompasses 20,118 surface
acres and contains a volume of 416,228 acre-feet at the conservation pool elevation of 201.0
feet. The shoreline at this elevation was calculated to be 156 miles. The lowest elevation
encountered was around elevation 122 feet, or 79 feet of depth and wasfound near the west end

of thedam.

The storage volume calculated by the 1996 survey is approximately 3.26 percent less
than the previous record information for the lake. Thelowest gated outlet invert elevation is
at elevation 144.5 feet. The dead storage at thiselevation correspondsto 40 acre-ft. Therefore,

the conservation storage capacity for the lake is 416,188 acr e-feet.

SUMMARY

L ake Conroe was authorized to be constructed under Permit Number 1962 issued in
November of 1962. Construction of the dam commenced in February of 1970 and ddliberate
impoundment of water began in January of 1973. Initial storage calculations estimated the
volume of the lake at the conservation pool elevation of 201.0 feet to be 430,260 acr e-feet with

sur face ar ea of 20,985 acres.

During the period of March 4 and April 3, 1996, a hydrographic survey of Lake Conroe
was performed by the Texas Water Development Boar d's Hydr ographic Survey Program. The
1996 survey used technological advances such as differential global positioning system and
geogr aphical information system technology to build a model of the reservoir's bathemetry.
These advances allowed a survey to be performed quickly and to collect significantly more data
of the bathemetry of Lake Conroe than previous survey methods. Results from the survey
indicate that the lake's capacity at the conservation pool elevation of 201.0 feet was 416,228
acre-feet. Theestimated reduction in storage capacity, if compared to the original volume was
14,032 acre-feet, or 3.26 percent. Thisequatesto an estimated loss of 610 acre-feet per year
during the 23 year s between the TWDB's survey and the initial dateimpoundment began. The
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annual deposition rate of sediment in the conservation pool can be estimated at 1.37 acre-ft per

square mile of drainage area.

It isdifficult to comparethe original design information and the survey performed by the
TWDB because little is know about the procedures and data used in calculating the original
storage information. However, the TWDB considers the 1996 survey to be a significant
improvement over previous survey procedures and recommends that the same methodology be
used in five to ten years or after major flood eventsto monitor changesto the lake's storage
capacity. The second survey will remove any noticeable errors between the original design data
and the 1996 survey and will facilitate accur ate calculations of sedimentation rates and storage

losses presently occurring in Lake Conroe.
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CALCULATION OF DEPTH SOUNDER ACCURACY

This methodology was extracted from the I nner space Technology, Inc. Operation Manual for
the Model 443 Velocity Profiler.

For the following examples, t=(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 = gpeed of sound, in feet per second
To calculate the error of a measurement based on differences in the actual versus
aver age speed of sound, the same equation is used, in thisformat:
D =[t(V)]+d
For thewater column from 2to 30 feet: V =4832fps
t3o = (30-1.2)/4832
= 0.00596 sec.
For thewater column from 2to45feet: V =4808 fps

t45 =(45-1.2)/4808
=0.00911 sec.

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

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

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

Dao = [((30-1.2)/4832)(4808)] +1.2
=299  (-0.1)

For a measurement at 50 feet (within the 2 to 60 foot column with V = 4799 fps):
Dso = [((50-1.2)/4799)(4808)] +1.2

A-1



=50.1'  (+0.1)

For thewater column from 2to 60 feet: V =4799 fps Assumed Vg, = 4785 fps

teo :(60-12)/4799
=0.01225 sec.

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

D1o = [((10-1.2)/4832)(4799)] +1.2
=99 (-0.1')

For a measurement 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 a measurement 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 a measurement at 80 feet (outsidethe 2 to 60 foot column, assumed V = 4785 fps):

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

A-2






LAKE CONROE

ELEV. FEET

184
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.0

10980
1377
11796
12226
12682
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13489
13926
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14956
15501
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17221
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APRIL 1996 SURVEY

AREA IN ACRES

|
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RESERVOIR AREA TABLE

.3

11102
11497
11922
12358
12806
13202
13618
14069
14592
15118
15669
16244
16828
17436
18043
18508
19310
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page 2

ELEVATION INCREMENT IS ONE TENTH FOOT
5

11181
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18269
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11753
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16017
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17153
17843
18314
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FIGURE 2
LAKE CONROE

Location of Survey Data
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FIGURE 3
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Shaded Relief
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