








Figure 3. Anisotropic spatial interpolation and linear extrapolation of Lake Tyler sounding data - A)
bathymetric contours without interpolated points, B) sounding points (black) and
interpolated points (red), C) bathymetric contours with the interpolated points

Area, volume, and contour calculation

Using Arclnfo software and the volumetric TIN model, volumes and areas were
calculated for the entire reservoir at 0.01 feet intervals, from 337.0 to 375.6 feet. The
elevation-capacity table and elevation-area table, updated for 2013, are presented in
Appendices A and B, respectively. The area-capacity curves are presented in Appendix C.

The volumetric TIN model was converted to a raster representation using a cell size
of 2 feet by 2 feet. The raster data was then used to produce an elevation relief map (Figure
4), representing the topography of the reservoir bottom; a depth range map (Figure 5),
showing shaded depth ranges for Lake Tyler; and a 5-foot contour map (Figure 6 -
attached).
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Analysis of sediment data from Lake Tyler

Sedimentation in Lake Tyler was determined by analyzing the acoustic signal
returns of all three depth sounder frequencies in the DepthPic© software. The 200 kHz
signal was analyzed to determine the current bathymetric surface of the reservoir, while all
three frequencies, 200 kHz, 50 kHz, and 24 kHz, were analyzed to determine the reservoir
bathymetric surface at the time of initial impoundment (i.e. pre-impoundment surface).
Sediment core samples collected in the reservoir were used to assist in identifying the
location of the pre-impoundment surface in the acoustic signals. The difference between the
current surface and the pre-impoundment surface yields a sediment thickness value at each
sounding location.

Analysis of the sediment core samples was conducted at TWDB headquarters in
Austin. Each sample was split longitudinally and analyzed to identify the location of the
pre-impoundment surface. The pre-impoundment surface is identified within the sediment
core sample by one or a combination of the following methods: (1) a visual examination of
the sediment core for terrestrial materials, such as leaf litter, tree bark, twigs, intact roots,
etc., concentrations of which tend to occur on or just below the pre-impoundment surface;
(2) changes in texture from well sorted, relatively fine-grained sediment to poorly sorted
mixtures of coarse and fine-grained materials; and (3) variations in the physical properties
of the sediment, particularly sediment water content and penetration resistance with depth
(Van Metre et al., 2004). The total sample length, sediment thickness, and the pre-
impoundment thickness were recorded. Physical characteristics of the sediment core,
including color, texture, relative water content, and presence of organic materials, were also

recorded (Table 2).
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Table 2.

Sediment core sampling analysis data - Lake Tyler

Total core
Core Ea(s;tl)n g Nor(tfltl)mg sz;)xgs[ll-e/ Sediment core description Muzl;ﬁlrsml
impoundment
sediment

T-1 3006747.98 6779978.56 367/24.5” 0-15.5” Possible fluff settled, no N/A
sediment
15.5-20.5” loam soil 5Y 372
20.5-24.5” sandy loam soil, organics 2.5Y 3/2
present
24.5-28” loamy sand soil, fewer organics 10YR 3/1
present
28-36” sand 2.5Y 8/1

T-2 301355123  6783731.58 267/14” 0-14” high water content, silty loam 2.5Y 3/1
14-16” lower water content, sandy clay 2.5Y 4/2
soil, organics present
16-26” lower water content, sandy clay 10YR 4/2
soil, organics present

T-3 3013313.11  6790052.08 30.57/7” 0-7” high water content, silty loam 2.5Y 3/1
7-30.5” lower water content, sandy clay 10YR 4/2
soil, organics present

T-4 2999686.57 6779161.44 287/28” 0-17” high water content, silty loam 2.5Y 3/1
sediment
17-28” higher density, sandy clay loam, 10YR 3/2
lots of organics and roots present

T-5 2999289.27 6785197.90 277137 0-13” high water content, silty loam 2.5Y 3/1
13-27” sandy clay, lower water content, 10YR 5/1
organics present

T-6 2998652.88  6788720.40 45.57/18” 0-13.5” high water content, silty loam, 2.5Y 3/1
organics present
13.5-18” high water content, sandy clay 10YR 3/2
loam, organics present
18-45.5” lower water content, sandy 10YR 5/1
clay, some organics

T-7 2996505.74  6786257.42 27.57/13.5” 0-13.5” high water content, silty loam, 2.5Y 3/1
organics present
13.5-27.5” lower water content, sandy 7.5YR 4/2

loam clay, organics present

? Coordinates are based on NAD83 State Plane Texas North Central System (feet)

A photograph of sediment core T-2 is shown in Figure 7 and is representative of the

sediment cores sampled from Lake Tyler. The 200 kHz frequency measures the top layer as

the current bottom surface of the reservoir.
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Pre-impoundment boundary

Figure 7. Sediment core T-2 from Lake Tyler

Sediment core sample T-2 consisted of 26 inches of total sediment corresponding to
the length of the aluminum sampling tube. The upper sediment layer (horizon), 0-14.0
inches, consisted of high water content, silty loam and measured 2.5Y 3/1 on the Munsell
soil color chart. The second horizon, beginning at 14.0 inches and extending to 16.0 inches
below the surface, consisted of lower water content, sandy clay soil, organics present and
measured 2.5Y 4/2 on the Munsell soil color chart. The third horizon, from 16.0 inches to
26.0 inches, consisted of lower water content, sandy clay soil, organics present and a 10YR
4/2 Munsell soil color. The base of the sample is denoted by the blue line in Figure 7.

The pre-impoundment boundary (yellow line in Figure 7) was evident within this
sediment core sample at 14.0 inches and identified by the change in color, texture, moisture,
porosity, and structure. Identification of the pre-impoundment surface for the remaining
sediment cores followed a similar procedure.

Figures 8 and 9 illustrate how measurements from sediment core samples are used
with sonar data to help identify the interface between the post- and pre-impoundment layers
in the acoustic signal. Within DepthPic©, the current surface is automatically determined
based on signal returns from the 200 kHz transducer and verified by TWDB staff, while the
pre-impoundment surface must be determined visually. The pre-impoundment surface is

first identified along cross-sections for which sediment core samples have been collected.
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Figure 8. Comparison of sediment core T-2 with acoustic signal returns A,E) combined acoustic
signal returns, B,F) 200 kHz frequency, C,G) 50 kHz frequency, D,H) 24 kHz frequency

Figure 8 compares sediment core sample T-2 with the acoustic signals for all
frequencies combined (A, E), 200 kHz (B, F), 50 kHz (C, G), and 24 kHz (D, H). The
sediment core sample is represented in each figure as colored boxes. The yellow boxes
represent post-impoundment sediment, and the blue box represents the pre-impoundment
sediment. In Figure 8A-D, the bathymetric surfaces are not shown. In Figure 8E, the current
bathymetric surface is represented as the top black line and in Figures 8 F-H as the top red
line. The pre-impoundment surface is identified by comparing boundaries observed in the
200 kHz, 50 kHz and 24 kHz signals to the location of the pre-impoundment surface of the
sediment core sample. Each sediment core sample was compared to all three frequencies
and the boundary in the 200 kHz signal most closely matched the pre-impoundment

interface of the sediment core samples; therefore, the 200 kHz signal was used to locate the
16



pre-impoundment layer. The pre-impoundment surface was manually drawn and is
represented by the bottom black line in Figure 8E, and by the yellow line in Figures 8F-H.
Figure 9 shows sediment core sample T-2 correlated with the 200 kHz frequency of the
nearest surveyed cross-section. The pre-impoundment surface identified along cross-
sections where sediment core samples were collected is used as a guide for identifying the

pre-impoundment surface along cross-sections where sediment core samples were not

collected.

Figure 9. Cross-section of data collected during 2013 survey, displayed in DepthPic© (200 kHz
frequency), correlated with sediment core sample T-2 and showing the current surface in
red and pre-impoundment surface in yellow

After the pre-impoundment surface from all cross-sections was identified, a
sediment thickness TIN model is created following standard GIS techniques (Furnans,
2007). Sediment thicknesses were interpolated between surveyed cross-sections using
HydroTools with the same interpolation definition file used for bathymetric interpolation.
For the purposes of the TIN model creation, TWDB assumed sediment thickness at the
reservoir boundary was zero feet (defined as the 375.6 foot NGVD29 elevation contour).
The sediment thickness TIN model was converted to a raster representation using a cell size

of 5 feet by 5 feet and used to produce a sediment thickness map of Lake Tyler (Figure 10).
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Survey results
Volumetric survey

The results of the 2013 TWDB volumetric survey indicate Lake Tyler has a
total reservoir capacity of 77,284 acre-feet and encompasses 4,714 acres at
conservation pool elevation (375.38 feet above mean sea level, NGVD29). In 1966-67,
the U.S. Geological Survey calculated an estimate capacity of 80,900 acre-feet
encompassing 4,880 acres. Because of differences in past and present survey
methodologies, direct comparison of volumetric surveys to estimate loss of capacity is
difficult and can be unreliable.

To properly compare results of TWDB surveys, TWDB applied the 2013 data
processing techniques to the data collected in 1997. Specifically, TWDB applied
anisotropic spatial interpolation to the survey data collected in 1997 using the same
interpolation definition file as was used for the 2013 survey with minor edits to account for
differences in data coverage and boundary conditions. The original boundary used for
modeling purposes in 1997 was digitized from USGS 7.5 minute quadrangle maps: Troup
West (1973), Troup East (1973), Bascom (Photo-Revised 1972), and Hope Pond (1966).
However, this boundary did not align with the survey data and many survey points were
outside the boundary. Therefore, a new boundary was digitized for modeling purposes from
aerial photographs, or DOQQs, taken on February 1, 1995, while the water surface
elevation of the reservoir measured 375.8 feet above mean sea level. The 1996 DOQQs that
cover Lake Tyler are Bascom (SW, SE), Troup West (NW, NE), Troup East (NW), and
Hope Pond (SW). The boundary was digitized at the land-water interface and defined as
375.8 feet for modeling purposes. According to the associated metadata, the 1995-1996
DOQQs have a resolution of 1-meter, with a horizontal positional accuracy that meets the
National Map Accuracy Standards (NMAS) for 1:12,000-scale products. Re-evaluation of

the 1997 survey resulted in a 3.9 percent increase in total capacity estimates (Table 3).

19



Table 3. Current and previous survey capacity and surface area data

Surve Surface area Total capacity
y (acres) (acre-feet)
1966-67° 4,880 80,900
TWDB 1997° 4,734 80,103
TWDB 1997 (re-calculated) 5,019 83,244
TWDB 2013 4,714 77,284

 Source: (TWDB, 1973)

" Source: (TWDB, 1997), Note: In 1997, the conservation pool elevation was rounded to 375.4 feet and total
reservoir capacity was reported as 80,198 acre-feet encompassing 4,737 acres. To report the area and capacity
at 375.38 feet for comparative purposes, the reported areas and capacities between elevations 375.3 and 375.4
feet were linearly interpolated.

Sedimentation survey

Based on two methods for estimating sedimentation rates presented in Table 4,
the 2013 TWDB sedimentation survey estimates Lake Tyler loses between 80 and 373
acre-feet per year of capacity due to sedimentation below conservation pool elevation
(375.38 feet NGVD29). The sedimentation survey indicates sediment accumulation varies
throughout the reservoir. Accumulation within Hill Creek of Lake Tyler West becomes
heavier as it approaches Gilley Creek. The heaviest accumulations measured are between
0.2 and 1.0 miles northwest of Whitehouse Dam. Comparison of capacity estimates of Lake
Tyler derived using differing methodologies are provided in Table 4 for sedimentation rate
calculation. Based on the 2013 estimated sediment volume, Lake Tyler lost an average of

approximately 107 acre-feet of capacity per year from 1968 to 2013.
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Table 4.

Capacity loss comparisons for Lake Tyler

Volume comparisons at conservation pool elevation

Pre-impoundment

survey

Volume difference
(acre-feet)

3,616 (4.5%)

5,960 (7.2%)

Survey (acre-feet) (acre-feet)
1966-67° 80,900 < <
TWDB 1997
(re-calculated) =~ 83,244 =~
TWDB pre-
impoundment estimate < < 82,097°
based on 2013 survey
2013 volumetric 77,284 77,284 77,284

4,813 (5.9%)

Number of years

45°

16

45

Capacity loss rate
(acre-feet/year)

80

373

107

*Source: (TWDB, 1973), note: The original Lake Tyler was impounded by Whitehouse Dam on January 8,
1949, and the original Lake Tyler East was impounded by Mud Creek Dam on November 22, 1966. The two
lakes were joined by a canal on May 29, 1968, and the combined lakes designated as Lake Tyler.

® Number of years based on difference between 2013 survey date and 1968 date the two lakes were joined by

a canal

©2013 TWDB surveyed capacity of 77,284acre-feet plus 2013 TWDB surveyed sediment volume of

4,813acre-feet

Intake structure

Survey data was collected around the intake structure following planned survey

lines oriented parallel to and perpendicular to the intake structure in a 50-foot grid pattern

extending approximately 500 feet on all sides of the intake. The structure is located at

Latitude 32.24° N and Longitude 95.176° W approximately two miles north of Whitehouse

Dam. Figure 11 shows the elevation relief of the area in detail, and Figure 12 shows the

sediment thicknesses of the area in detail.
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Recommendations

To improve estimates of sediment accumulation rates, TWDB recommends
resurveying Lake Tyler in approximately 10 years or after a major flood event. To further
improve estimates of sediment accumulation, TWDB recommends another sedimentation
survey. A re-survey would allow a more accurate quantification of the average sediment

accumulation rate for Lake Tyler.

TWDB contact information

More information about the Hydrographic Survey Program can be found at:
http://www.twdb.texas.gov/surfacewater/surveys/index.asp
Any questions regarding the TWDB Hydrographic Survey Program may be addressed to:

Jason J. Kemp

Team Leader, Hydrographic Survey Program
Phone: (512) 463-2456

Email: Jason. Kemp@twdb.texas.gov

Or

Ruben S. Solis, Ph.D., P.E.

Director, Surface Water Resources Division
Phone: (512) 936-0820

Email: Ruben.Solis@twdb.texas.gov

24



References

COT (City of Tyler), 2012, Tyler Texas > Departments > Tyler Water Utilities > FAQ’s,
http://www.cityoftyler.org/Departments/TylerWaterUtilities/FAQs.aspx, accessed
September 2013.

ESRI (Environmental Systems Research Institute), 1995, ARC/INFO Surface Modeling and
Display, TIN Users Guide, ESRI, 380 New York Street, Redlands, CA 92373.

Furnans, J., Austin, B., 2007, Hydrographic survey methods for determining reservoir
volume, Environmental Modeling & Software, doi:10.1016/j.envsoft.2007.05.011.

McEwen, T., Brock, N., Kemp, J., Pothina, D. & Weyant, H., 2011a, HydroTools User’s
Manual, Texas Water Development Board.

McEwen, T., Pothina, D. & Negusse, S., 2011b, Improving efficiency and repeatability of
lake volume estimates using Python, submitted, Proceedings of the 10th Python for
Scientific Computing Conference (SciPy 2011).

TNRIS (Texas Natural Resources Information System), 2010, http://www.tnris.org/2008-
09-1m-Orthoimagery, accessed September 2013.

TNRIS (Texas Natural Resources Information System), 2013, http://www.tnris.org/,
accessed September 2013.

TWDB (Texas Water Development Board), 1973, Mud Creek and Whitehouse Dam and
Lake Tyler, Report 126, Engineering Data on Dams and Reservoirs in Texas, Part
IL

TWDB (Texas Water Development Board), September 1997, Volumetric Survey of Lake
Tyler, http://www.twdb.texas.gov/hydro_survey/tyler/1997-
06/Tyler1997 FinalReport.pdf

TWDB (Texas Water Development Board), 2012, Contract No. 1348011533 with U.S.
Army Corps of Engineers, Fort Worth District.

USBB (United States Bureau of the Budget), 1947, United States National Map Accuracy
Standards, http://nationalmap.gov/standards/pdf/NMAS647.PDF.

USDA (US Department of Agriculture), 2013, National Agricultural Imagery Program
(NAIP) Information Sheet,
http://www.fsa.usda.gov/Internet/FSA_File/naip _info_sheet 2013.pdf.

USGS (United States Geological Survey), 2013, U.S. Geological Survey National Water
Information System: Web Interface, USGS Real-Time Water Data for USGS
08034000 Lk Tyler nr Whitehouse, TX,
http://nwis.waterdata.usgs.gov/tx/nwis/uv/?cb_00062=on&format=rdb&period=&be
gin_date=2013-01-17&end_date=2013-01-24&site no=08034000, accessed
September 2013.

25


http://www.twdb.texas.gov/hydro_survey/tyler/1997-06/Tyler1997_FinalReport.pdf
http://www.twdb.texas.gov/hydro_survey/tyler/1997-06/Tyler1997_FinalReport.pdf

Van Metre, P.C., Wilson, J.T., Fuller, C.C., Callender, Edward, and Mahler, B.J., 2004,
Collection, analysis, and age-dating of sediment cores from 56 U.S. lakes and
reservoirs sampled by the U.S. Geological Survey, 1992-2001: U.S. Geological
Survey Scientific Investigations Report 2004-5184, United States Geological
Survey, 180p.

26





