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Environmental Consultants, LLC

MEMO

To: Elizabeth A. Fazio-Hale, Riverbend Water Resources District
From: Bianca D. Whitaker, Arroyo Environmental Consultants, LLC
Date: Janvary 28, 2019

Re: Volumetric & Sedimentation Survey Results

In July 2018, Arroyo Environmental Consultants, LLC, along with their partner firm Aqua
Strategies Inc. (project team), were contracted to conduct a volumetric and sedimentation
survey of Wright Patman Lake, Texas for Riverbend Water Resources District (RWRD). This
document presents volumetric and sedimentation survey results, along with a brief description
of methodologies in surveying, data collection, processing and analysis, quality controls
measures and examples, and comparison of results to past surveys.

The project team collected bathymetric data for Wright Patman Lake between July 17, 2018
and August 23, 2018 with daily water surface elevations ranging from 225.82 to 226.69
feet above mean sea level (NGVD29; USGS 07344200 Wright Patman Lk nr Texarkana, TX).

Survey methodology for this volumetric and sedimentation survey follows methods similar to
those utilized by the Texas Water Development Board (TWDB). Bathymetric surveying was
conducted using a Specialty Devices, Inc. (SDI) BSS+ single beam, multi-frequency (200kHz,
50kHz, 12kHz) sub-bottom profiling depth sounder integrated with a corrected GPS (global
positioning system) unit. The same survey line layout pattern used by TWDB in 2010 was
replicated in this 2018 survey. Data was collected with SDIDepth and Hypack Survey
software (HYPACK) and processed and analyzed with Depthpic and Hydropick software
packages.

Sediment cores were collected at selected points around the lake along survey lines with the
SDI VibeCore system. Sediment cores were used to ground-truth the pre-impoundment depth
(original lake depth before impoundment) by analyzing the sediment core samples for
sediment thickness (depth), color, type, water content and presence of organic matter.

Interpolation methods utilized Hydrotools, SAGA and QGIS software to map the current
surface and pre-impoundment surface throughout the lake. Elevation area capacity (EAC)
tables (see Appendix A), as well as lake volume and sediment volume calculations, were
generated from the interpolated data.
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The 2018 volumetric survey indicates Wright Patman Lake has a total reservoir capacity of
96,430 acre-feet and encompasses 17,907 surface acres at conservation pool elevation
(220.6 feet above mean sea level, NGVD29; Table 1). Previous capacity estimates include
the original design estimate in 1956 (158,000 acre-feet), the Texas Water Development
Board’s (TWDB) 1997 volumetric survey estimate (115,638 acre-feet as revised by TWDB),
and the TWDB’s 2010 volumetric survey estimate (97,927 acre-feet; Table 2). Table 1
provides lake volume, surface area, sedimentation volume and sedimentation rates at the
different lake operating levels. Numbers are not provided for the April to May (227.5 feet
above mean sea level, NGVD29) operating levels due to water levels below that elevation
during the bathymetry survey.

TABLE 1. 2018 LAKE VOLUME AND SEDIMENTATION AT SEASONAL OPERATING LEVELS, LAKE BOUNDARY

Wright Patman Lake Volume and Sedimentation

CPE Elevation Current Capacity Current Surface Sedimentation Sedimentation

(ft NGVD29) (acre-ft) Area (acres) (acre-ft)’ Rate (acre-ft/yr)’
Nov - March 220.6 96,430 17,907 30,322 489
April - May 227.5 = = 3 =
June - October 225.0° 193,695 25,426 - -
October 221.2 107,491 19,025 31,835 513
Lake Boundary 226.28° 226,758 26,133 = -

® Area, capacity and sediment thickness below elevation 224ft is based on echosounding data;
for elevations above 224ft, area and capacity are extrapolated to the boundary.

Based on several methods for estimating sedimentation rates, Wright Patman Lake loses
between 187 and 993 acre-feet of capacity per year due to sedimentation below
conservation pool elevation (220.6 feet above mean sea level, NGVD29; Table 2 and
Table 3). The project team determined the sedimentation rate to be 489 acre-feet per year
based on the 2018 survey results. This sedimentation rate was determined from results of the
2018 survey, based upon years since impoundment (62 years) and volume of sediment
(30,322 acre-ft) calculated to have accumulated since impoundment. Sedimentation rate can
be calculated from the 2018 survey for each operating pool level to consider sediment
accumulation up to the limits of 2018 survey data (Table 1). Previous sedimentation estimates
were provided in the TWDB 1997 (TWDB 2003) survey report and the TWDB 2010
volumetric and sedimentation survey report. All lake volume comparisons between surveys are
presented in Table 2,

Table 2 compares each survey to another survey, providing the volume difference between
surveys, the volume difference as a percentage and the capacity loss rate for each
comparison,
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TABLE 2. COMPARISON OF LAKE VOLUME CALCULATIONS ON WRIGHT PATMAN LAKE

Comparison of Lake Volume Calculations

Comparisons @ 220.6 ft NGVD29

Survey Current Volume (acre-ft)

Comparison #1 | Comparison #2 Comparison #3 | Comparison #4 Comparison #5
Original design estimate 158,000 158,000 -
1997 TWDB Volumetric survey (revised) 115,638 - 115,638 -
2010 Volumetric survey 97,927 97,927 » 97,927
2018 Volumetric survey - - 96,430 96,430 96,430
Volume Difference (acre-ft) 60,073 17,711 61,570 19,208 1,497
Percent Volume Change 38.0% 15.3% 39.0% 16.6% 1.5%
Number of years (sinceimpoundment) 54 13 62 21 8
Capacity loss rate (acre-ft/year) 1,112 1,362 993 915 187

Comparison of 2018 survey results to other studies developed using different methodologies
should be made with caution due to inherent differences in methodology procedures.
Comparison to the TWDB 2010 reported results are most suitable due to the fact that they
are the only two surveys that include both a volumetric and sedimentation survey, and because
data collection and analysis were conducted using comparable methods and equipment
(Table 3). The 1997 survey included a volumetric result but did not include a sedimentation
survey and is therefore not considered in the lake sedimentation comparison. Table 3 shows
the total lake capacity (126,752 acre-ft) for the 2018 survey, calculated based on the
preliminary lake volume calculation and the preliminary sediment volume calculation.

TABLE 3. COMPARISON OF LAKE SEDIMENTATION CALCULATIONS ON WRIGHT PATMAN LAKE

Comparison of Sedimentation Calculations
Comparisons @ 220.6 ft NGVD29
Survey Volume (acre-ft)
Comparison #6 | Comparison #7
TWDB lake capacity estimate based on 137,336 )
2010 V&S survey
Lake capacity estimate based on 2018 V&S A 126,752
survey
2010 Volumetric survey 97,927 -
2018 Volumetric survey - 96,430
2010 Sedimentation survey 39,409 -
2018 Sedimentation survey - 30,322
Percent Sedimentation 28.7% 23.9%
Number of years (sinceimpoundment) 54 62
Capacity loss rate (acre-ft/year) 730 489

A volumetric estimate from 1956 attributed to USACE was reported in the TWDB 2010
report; however, methodology information is not currently available to the project team and
therefore not considered an appropriate comparison.
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The project team employed multiple methods of quality control/quality assurance (QA/QC)
methods throughout the entire study process, from field data collection methods to data
processing to final data comparisons. Examples of these methods are provided within this
technical memo. The various QA/QC procedures include, but are not limited to the following:
staff gage installation and verification of daily lake elevation, daily water velocity profile
readings to calibrate and verify lake point depths, collection of sediment cores at multiple
loke locations to ground truth the determination of pre-impoundment depth, visual inspection
of mapped processed data points, comparison of processed data points collected on different
days at the same location (Table 4), comparison of selected similar (collected along same pre-
planned lines) cross-sections between 2010 and 2018 surveys (Appendix B: Figures 1 — 5),
comparison of calculated lake volume and sediment volume between 2010 and 2018 surveys
(Table 3), among other processed raw data checks.

Table 4 is an example of one of the many comparisons of data points in close proximity
collected on different days of the 2018 survey. The last row provides the difference on one
data point pair in the given parameters (x/y location, lake elevation, etc.). This comparison
shows good internal consistency in data collection and processing methods throughout the
2018 survey.

TABLE 4. COMPARISON OF DATA POINTS

Lake Current Pre- Sediment .
X ¥ A i i sdi_filename Date Time
Elevation (ft) Surface (ft) impoundment (ft) Thickness (ft}
3286915.078 7172755.257 226.2 217.27 215.88 1.39 18080221 8/2/18 48:02.1
3286914.962 7172755.189 226.23 217.21 215.85 1.36 18080129 8/1/18 16:41.5
0.116 0.068 -0.03 0.06 0.03 0.03

Figures 1 through 5 in Appendix B provide a graphical view of comparisons conducted on one
of the many pre-planned survey lines followed in both the 2010 TWDB and 2018 Arroyo
surveys. Both surveys collected and processed lake current and pre-impoundment surfaces.

Figure 1 shows the comparison of the current surface of the lake in both surveys along one
cross section. Overall, the current surface is similar in elevation over most of the cross section.
However, differences are present and can be due to a variety of reasons: offset in the
horizontal location of the data point (some points were up to 15 feet away from each other
between the two surveys), and data processing differences (e.g. methodology of choosing the
current surface can vary with the use of different software among different users), etc.

Figure 2 provides a comparison of the pre-impoundment surface of the lake in both surveys.
Although some point comparisons are similar in elevation, which would be expected in the pre-
impoundment elevations between surveys, there is a noticeable difference in these layers,
particularly in deeper, possible thalweg (river bottom) areas. Some differences could be
explained in point areas where the horizontal differences are greater (e.g. survey data points
are over 10 feet apart between years). Larger differences in pre-impoundment elevations
(original lake bottom) might be better explained by looking at differences in methodologies
between surveys.
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Figure 3 provides a view of a 2018 survey sediment layer along the cross section by showing
both the current surface and pre-impoundment surface together.

Figure 4 provides a view of a 2010 survey sediment layer along the cross section by showing
both the current surface and pre-impoundment surface together.

Figure 5 provides a comparison of the cross section of the sediment thickness for each survey.
There are many spikes of greater sediment thickness along the 2010 survey line data than for
the 2018 data. The variation of sediment thickness along this cross section implies differences
in sediment accumulation estimates that warrant additional future study.

Results of the 2018 Arroyo Volumetric and Sedimentation Survey of Wright Patman Lake
indicate a sedimentation or capacity loss rate (due to sedimentation) of 489 acre-ft/year
over the life of the lake (1956 to present). This technical memo provides the final capacity
and sedimentation numbers as well as a comparison to previous survey resulfs.

The differences in pre-impoundment surface, sediment thickness calculations and sedimentation
rates between the 2018 and 2010 surveys create a scientific dilemma in long-term water
planning for the RWRD. Consistency amongst survey results would be ideal and would allow
for more confidence in lake volume and sedimentation rate estimates.

Comprehensive QA/QC procedures on 2018 survey data and results by the project feam
support the results and conclusions presented above. However, preliminary investigations into
the 2010 survey data identified several discrepancies within the 2010 survey which could
account for significant variability between 2010 and 2018 survey results. This preliminary
effort identifies enough concerns about processing and calculation techniques to warrant the
opportunity to re-evaluate the 2010 survey more in-depth than what has been conducted for
this project.

Re-evaluation of the 2010 survey may result in scientifically defensible revised 2010 lake
volume and 2010 sedimentation rate estimates and provide RWRD with more reliable lake
data for use in future water planning efforts.
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APPENDIX A — ELEVATION-AREA-CAPACITY TABLES
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APPENDIX B — QA/QC FIGURES
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