








of the reservoir boundary. Reducing flat triangles by applying linear interpolation improves
the elevation-capacity and elevation-area calculations, although it is not always possible to
remove all flat triangles.

Figure 3 illustrates typical results from application of the anisotropic interpolation
and linear interpolation techniques to Lake Mineral Wells. In Figure 3A, steep slopes
indicated by surveyed cross-sections are not continuously represented in areas between
survey cross-sections. This is an artifact of the TIN generation routine rather than an
accurate representation of the physical bathymetric surface. Inclusion of interpolation
points in creation of the volumetric TIN model, represented in Figure 3B, directs Delaunay
triangulation to better represent the reservoir bathymetry between survey cross-sections.
The bathymetry shown in Figure 3C was used in computing reservoir elevation-capacity

(Appendix A) and elevation-area (Appendix B) tables.

Figure 3. Anisotropic spatial interpolation and linear interpolation of Lake Mineral Wells sounding
data - A) bathymetric contours without interpolated points, B) sounding points (black) and
interpolated points (red), C) bathymetric contours with interpolated points.
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Area, volume, and contour calculation

Using ArcInfo software and the volumetric TIN model, volumes and areas were
calculated for the entire reservoir at 0.1-foot intervals, from 834.8 to 873.9 feet. The
elevation-capacity table and elevation-area table, updated for 2015, are presented in
Appendices A and B, respectively. The capacity curve is presented in Appendix C, and the
area curve is presented in Appendix D.

To test the accuracy of the reservoir model and area estimates, several DOQQs at
varying water surface elevations were reviewed. A boundary was digitized from aerial
photographs dated January 15, 2015, when the daily average water surface elevation of the
lake measured 854.72 feet. The digitized area is equivalent to the modeled area at 854.7 feet
with the actual overall difference less than one acre.

A boundary also was digitized from aerial photographs dated August 13, 2014,
when the daily average water surface elevation of the lake measured 855.68 feet. At this
elevation there are two distinct water bodies. Based on the modeled contours, the upper
body of water could be cut off from the main body of water at approximately 857.8 feet, as
measured at the gage. Therefore, the upper body of water in the 2014 photos could have an
actual water surface elevation higher than what is read at the gage. Survey data in the upper
body of water contradicts the land-water interface shown in the August 13, 2014, aerial
photographs, confirming that the water surface elevation of the upper body of water is
higher than what is being measured at the gage. The differences in water surface elevation
between the upper and lower bodies of water suggested that the comparison of the 2014
digitized boundary and the modeled estimate is unreliable.

At elevation 857.8 feet, the modeled upper body of water covers approximately 62
surface acres or 17.8% of the reservoir area. This area represents a total capacity of 107
acre-feet or 3.4% of the total capacity at this elevation. Based on the 2014 aerial
photographs and modeled contours, this water could be unavailable for diversion
downstream when the reservoir level reaches elevation 857.8 feet. Additional elevation-
capacity and elevation-area tables were generated to show the amount of water potentially
unavailable for diversion downstream (Appendices E and F, respectively). The areas and
capacities of water unavailable for diversion (Appendices E and F) were subtracted from
the total areas and capacities found in Appendices A and B to provide an estimate of water

available for diversion downstream (Appendices G and H, respectively). The capacity and
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area curves representing water available for diversion downstream are presented in
Appendices I and J, respectively.

A final comparison was made by visually comparing the modeled 862.0 foot
contour to DOQQs taken on July 5, 2012, when the daily average water surface elevation
measured 861.88 feet. Visually, these matched very well. Vegetation in the upper reaches
would have made digitizing a boundary from these photographs difficult, and the 862.0
contour is solely modeled from LIDAR data. The DOQQs and LIDAR data are available at
the Texas Natural Resources Information System (TNRIS 2016).

The volumetric TIN model was converted to a raster representation using a cell size
of 0.5 foot by 0.5 foot. The raster data then was used to produce three images: (1) an
elevation relief map representing the topography of the reservoir bottom (Figure 4); (2) a
depth range map showing shaded depth ranges for Lake Mineral Wells (Figure 5); and, (3)

a two-foot contour map (Figure 6).
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Analysis of sediment data from Lake Mineral Wells

Sedimentation in Lake Mineral Wells was determined by analyzing the acoustic
signal returns of all three depth sounder frequencies using customized software called
Hydropick. While the 208 kHz signal is analyzed to determine the current bathymetric
surface, all three frequencies, 208 kHz, 50 kHz, and 24 kHz, are 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 are correlated with the acoustic
signals in each frequency to assist in identifying the pre-impoundment surface. The
difference between the current surface and the pre-impoundment surface yields a sediment
thickness value at each sounding location.

Analysis of sediment core samples was conducted at TWDB headquarters in Austin,
Texas. 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 more 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 Munsell soil color, texture, relative water content, and presence of organic

materials, also were recorded (Table 2).
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Table 2. Sediment core sampling analysis data - Lake Mineral Wells

Total core
Core Ea(s;t‘)“g Nor(tfltl)mg S;‘g&{e/ Sediment core description Mu:s;’;lrsml
impoundment
sediment
MW-1  2110376.36 6980502.49 67.257/49.0” 0-38.5” high water content, 30% 5Y42 &
mottling, loam, post-impoundment 5Y 2.5/1
38.5-49.0” high density, 20% mottling, 5Y 4/1 &
clay, post-impoundment 5Y 2.5/1
49.0-67.25” medium water content, 20% 5Y 4/1 &
mottling, clay loam, pre-impoundment 5Y 2.5/1
MW-2  2111835.42 6980995.09 53.57/48.0” 0-48.0” high water content, 30% 5Y 42 &
mottling, clay loam, post-impoundment 5Y 2.5/1
48.0-53.5 high density, 10% mottling, 5Y 42 &
clay, pre-impoundment 5Y 2.5/1
MW-3  2112403.76 6982666.68 37.757/21.0” 0-21.0” high water content, 30% 5Y 42 &
mottling, clay loam, post-impoundment 5Y 2.5/1
21.0-37.75” high density, 10% mottling, 5Y 42 &
clay, pre-impoundment 5Y 2.5/1
MW-4  2113034.94 6985132.55 26.75”/N/A” 0-4.0” water and fluff, post- N/A
impoundment
4.0—5..0” high water content, sandy loam, 10YR 4/4
post-impoundment
5.0-26.75” high water content top 27,
high C!ensuy, 15% fine to coarse organic 25Y 4/2
material, sandy clay loam, post-
impoundment
MW-5  2113503.76 6987319.72 22.57/18.5” 0-2.5” water and fluff, post- N/A
impoundment
2.5-5.0” high water content, loam with 10YR 4/4
clay pockets, post-impoundment
5.0-7.0” high density, 5% mottling,
; 5Y 4/1
clay, post-impoundment
7.0-18.5” high density, 10% mottling,
. 5Y 4/2
clay loam, post-impoundment
18.5-22.5” high density, 10% mottling, sy 4/1

clay, pre-impoundment

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

A photograph of sediment core MW-3 (for location refer to Figure 2) is shown in
Figure 7 and is representative of sediment cores sampled from Lake Mineral Wells. The
base of the sample is denoted by the blue line. The pre-impoundment boundary (yellow
line) was evident within this sediment core sample at 21.0 inches and identified by the
change in color, texture, moisture, porosity, and structure. Identification of the pre-

impoundment surface for the other four sediment cores followed a similar procedure.
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Post-impoundment sediment

Figure 7. Sediment core MW-3 from Lake Mineral Wells. Post-impoundment sediment layers
occur in the top 21 inches of the sediment core (identified by yellow boxes).
Pre-impoundment sediment layers were identified and are defined with blue boxes.

Figures 8 and 9 illustrate how measurements from sediment core samples are used
with sonar data to identify the post- and pre-impoundment layers in the acoustic signal.
Figure 8 compares sediment core sample MW-3 with the acoustic signals as seen in
Hydropick for each frequency: 208 kHz, 50 kHz, and 24 kHz. The current bathymetric
surface is automatically determined based on signal returns from the 208 kHz transducer as

represented by the top red line in Figure 8. The pre-impoundment surface is identified by
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Figure 8. Comparison of sediment core MW-3 with acoustic signal returns.
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comparing boundaries observed in the 208 kHz, 50 kHz, and 24 kHz signals to the location
of the pre-impoundment surface of the sediment core sample. Many layers of sediment
were identified during analysis based on changes in observed characteristics such as water
content, organic matter content, and sediment particle size, and each layer is classified as
either post-impoundment or pre-impoundment. The boundary of each layer of sediment
identified in the sediment core sample during analysis (Table 2) is represented in Figures 8
and 9 by a yellow or blue box. A yellow box represents post-impoundment sediments. A
blue box indicates pre-impoundment sediments that were identified.

In this case, the boundary in the 208 kHz signal most closely matched the pre-
impoundment interface of the sediment core sample; therefore, the 208 kHz signal was used
to locate the pre-impoundment surface (blue line in the top panel in Figure 8). Figure 9
shows sediment core sample MW-3 correlated with the 208 kHz frequency of the nearest
surveyed cross-section. The pre-impoundment surface is first identified along cross-sections
for which sediment core samples have been collected. This information then is used as a
guide for identifying the pre-impoundment surface along cross-sections where sediment

core samples were not collected.
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Figure 9. Cross-section of data collected during survey, displayed in Hydropick (208 kHz frequency),
correlated with sediment core sample MW-3 and showing the current surface in red and
pre-impoundment surface in blue.
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The pre-impoundment surface was automatically generated in Hydropick using
Otsu’s thresholding algorithm of classifying greyscale intensity images into binary (black
and white) images based on maximum inter-class variance. The acoustic return images of a
selected frequency from each survey line were processed using this technique and the pre-
impoundment surface was identified as the bottom black/white interface (where black is the
sediment layer) of the resulting binary image (D. Pothina, pers. comm., October 2, 2014).
The pre-impoundment surface then is verified and edited manually as needed.

After the pre-impoundment surface from all cross-sections is 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 TIN model creation, the TWDB assumed sediment thicknesses at the reservoir
boundaries were zero feet (defined as the 873.9 foot, 863.4 foot, and 861.88 foot elevation
contours). The TWDB also assumed zero sediment thickness at each LIDAR point. The
sediment thickness TIN model was converted to a raster representation using a cell size of
one foot by one foot and was used to produce a sediment thickness map of Lake Mineral

Wells (Figure 10).
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Survey results
Volumetric survey

The results of the 2015 TWDB volumetric survey indicate Lake Mineral Wells
has a total reservoir capacity of 5,461 acre-feet and encompasses 477 acres at
conservation pool elevation (863.4 feet above mean sea level, NGVD29). Previous
capacity estimates include the original 1920 design estimate of 8,140 acre-feet (which
includes the added capacity from when the dam and spillway crest were raised in 1943), a
1970 estimate of 7,050 acre-feet (which later was adjusted to 6,644 acre-feet through an
analysis by HDR Engineering, Inc.), and most recently, prior to the 2015 TWDB survey, a
1990 HDR Engineering, Inc. survey estimate of 5,663 acre-feet (Table 3). Because of
differences in survey methodologies, direct comparison of this volumetric survey to others

to estimate changes in capacity is difficult and can be unreliable.

Table 3. Current and previous survey capacity and surface area data for Lake Mineral Wells.

Surve Surface area Total capacity
y (acres) (acre-feet)
Original design, 1920" N/A 8,140b
Forrest and Cotton 1970% 667.6 7,050
1970 adjusted by HDR 1990™¢ 449 6,655
HDR 1990° 449 5,663
TWDB 2015 477 5,461

* Source: (HDR 1990)

® Note: The original 1920 conservation capacity of 7,300 acre-feet plus the additional capacity of 840 acre-feet
added when the dam and spillway crest were raised two feet in 1943 (HDR 1990).

¢ Note: The original 1970 area of 667.6 acres may have overestimated the area. The 1990 boundary was
verified using a Texas Parks and Wildlife Department topographic map developed from a 1976 aerial survey
and a USGS 7.5 minute quadrangle map. Therefore, the areas from the 1990 survey were substituted into the
1970 table and capacities recalculated (HDR 1990).

Sedimentation survey

Based on two methods for estimating sedimentation rates, the 2015 TWDB
sedimentation survey estimates Lake Mineral Wells to have an average loss of
capacity between 6 and 28 acre-feet per year since impoundment due to sedimentation
below conservation pool elevation (863.4 feet NGVD29). Sediment accumulation is
greatest in the main basin of the lake approximately 1,400 feet northeast of the dam.
Comparison of capacity estimates of Lake Mineral Wells derived using differing

methodologies are provided in Table 4 for sedimentation rate calculation.
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Table 4. Capacity loss comparisons for Lake Mineral Wells.

Volume comparisons at conservation pool .
. Pre-impoundment
Survey elevation (acre-feet)
(acre-feet)
Original design® 8,140 <> < <
1970 HDR
adjusted” =~ 6,655 = =~
HDR 1990 <> <> 5,663 <>
TWDB pre-
impoundment - - - 6.044¢
estimate based on ’
2015 survey
2015 volumetric 5,461 5,461 5,461 5,461
survey
I ———————
Volume
difference 2,679 (32.9%) | 1,194 (17.9%) 202 (3.6%) 583 (9.6%)
(acre-feet)
Number of years 95 45 25 95
Capacity loss rate 28 265 g 6
(acre-feet/year)

*Source: (HDR 1990), note: Construction on Mineral Wells Dam was first completed in September 1920.

Enlargement of the dam occurred between August 18, 1943, and January 31, 1944.
€2015 TWDB surveyed capacity of 5,461 acre-feet plus 2015 TWDB surveyed sediment volume of 583 acre-

feet
Recommendations

The TWDB recommends another volumetric and sedimentation survey of Lake
Mineral Wells within a 10 year time-frame or after a major flood event to assess changes in

lake capacity and to further improve estimates of sediment accumulation rates.

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:
Hydrosurvey@twdb.texas.gov
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Appendix A
Lake Mineral Wells
RESERVOIR CAPACITY TABLE

TEXAS WATER DEVELOPMENT BOARD October 2015 Survey
CAPACITY IN ACRE-FEET Conservation Pool Elevation 863.4 feet NGVD29
ELEVATION INCREMENT IS ONE TENTH FOOT
ELEVATION
in Feet 0.0 0.1 0.2 0.3 04 0.5 0.6 0.7 0.8 0.9
834 0 0 0 0 0 0 0 0 0 0
835 0 0 0 0 0 0 0 0 0 0
836 0 0 0 1 1 1 1 2 2 3
837 3 4 5 5 6 7 8 9 10 1M
838 12 14 15 16 18 19 21 23 25 27
839 29 31 34 36 39 42 44 47 50 54
840 57 60 64 67 71 75 79 83 87 91
841 95 99 104 108 113 118 123 128 134 139
842 145 151 157 163 169 176 183 189 196 203
843 210 218 225 232 240 247 255 263 271 279
844 287 295 304 313 321 330 339 348 358 367
845 377 387 397 407 417 428 439 450 462 473
846 485 497 510 522 535 548 562 575 589 604
847 618 633 648 663 678 693 708 724 740 755
848 771 787 804 820 837 853 870 887 904 921
849 938 956 973 990 1,008 1,025 1,043 1,061 1,079 1,097
850 1,115 1,134 1,152 1,171 1,189 1,208 1,227 1,246 1,265 1,284
851 1,304 1,323 1,343 1,363 1,384 1,405 1,426 1,448 1,470 1,492
852 1,514 1,536 1,558 1,581 1,604 1,627 1,650 1,673 1,697 1,721
853 1,744 1,768 1,792 1,816 1,841 1,865 1,889 1,914 1,939 1,964
854 1,989 2,014 2,039 2,064 2,089 2,115 2,140 2,166 2,192 2,217
855 2,243 2,270 2,297 2,325 2,353 2,382 2,411 2,440 2,469 2,499
856 2,529 2,560 2,590 2,621 2,652 2,683 2,715 2,747 2,779 2,811

857 2,844 2,876 2,910 2,943 2,976 3,010 3,044 3,079 3,113 3,148
858 3,183 3,219 3,254 3,290 3,326 3,363 3,400 3,437 3,475 3,514
859 3,553 3,592 3,632 3,672 3,712 3,753 3,794 3,835 3,876 3,917
860 3,959 4,000 4,042 4,084 4,126 4,168 4,211 4,253 4,296 4,339
861 4,381 4,424 4,468 4,511 4,554 4,598 4,642 4,685 4,729 4,774
862 4,818 4,862 4,907 4,952 4,997 5,042 5,088 5,134 5,180 5,226

863 5,273 5,319 5,367 5,414 5,461 5,509 5,657 5,606 5,655 5,703
864 5,753 5,802 5,852 5,902 5,952 6,003 6,054 6,105 6,156 6,208
865 6,260 6,313 6,365 6,418 6,471 6,525 6,579 6,633 6,687 6,742
866 6,797 6,852 6,908 6,964 7,020 7,077 7,133 7,190 7,248 7,305
867 7,363 7,421 7,479 7,537 7,596 7,655 7,714 7,774 7,833 7,893
868 7,954 8,014 8,075 8,136 8,197 8,258 8,320 8,382 8,444 8,507
869 8,569 8,632 8,696 8,759 8,823 8,887 8,951 9,016 9,081 9,146
870 9,212 9,277 9,344 9,410 9,477 9,543 9,611 9,678 9,746 9,815
871 9,883 9,952 10,021 10,091 10,160 10,231 10,301 10,372 10,443 10,515

872 10,586 10,659 10,731 10,804 10,877 10,951 11,025 11,099 11,174 11,249
873 11,324 11,400 11,476 11,553 11,630 11,707 11,784 11,862 11,940 12,019




Appendix B

Lake Mineral Wells
RESERVOIR AREA TABLE
TEXAS WATER DEVELOPMENT BOARD
AREA IN ACRES
ELEVATION INCREMENT IS ONE TENTH FOOT

October 2015 Survey
Conservation Pool Elevation 863.4 feet NGVD29

ELEVATION
in Feet 0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9
834 0 0 0 0 0 0 0 0 0 0
835 0 0 0 0 0 0 0 0 0 0
836 1 1 2 2 2 3 3 3 4 5
837 6 7 7 8 9 9 10 10 11 12
838 12 13 14 14 15 16 18 19 20 21
839 22 24 25 25 27 28 29 30 31 32
840 33 34 35 36 37 38 39 40 41 42
841 43 44 45 47 48 49 51 52 54 56
842 58 60 62 64 65 66 67 68 70 71
843 72 72 73 74 75 76 77 79 81 82
844 83 84 85 87 88 90 91 92 94 95
845 98 100 102 104 106 108 110 113 115 117
846 119 122 125 128 130 133 135 139 143 145
847 146 147 149 150 151 152 154 156 158 159
848 161 162 163 165 166 167 168 169 171 172
849 172 173 174 175 176 177 178 179 181 182
850 183 184 185 185 186 187 189 191 192 194
851 196 198 200 204 208 211 214 217 218 220
852 222 223 225 227 229 231 233 235 236 237
853 238 239 241 242 243 244 246 247 248 249
854 250 251 252 253 254 255 256 257 258 259
855 262 269 275 280 284 287 291 294 297 300
856 302 305 307 309 312 314 317 319 322 324
857 327 329 332 334 337 339 342 345 347 350
858 352 355 358 361 364 368 372 377 382 387
859 391 395 399 402 405 408 410 412 413 415
860 416 417 419 420 421 423 424 425 427 428
861 429 431 432 434 435 436 438 439 441 443
862 444 446 448 450 452 454 457 459 462 464
863 467 469 472 475 477 480 483 485 488 491
864 494 496 499 502 505 508 510 513 516 519
865 522 525 528 530 533 536 539 543 546 549
866 552 555 558 561 564 566 569 571 574 576
867 578 581 583 586 588 591 593 596 598 601
868 603 606 608 611 613 616 618 621 623 626
869 629 631 634 637 640 642 645 648 651 654
870 656 659 662 665 668 671 674 678 681 684
871 687 690 693 697 700 703 707 710 714 717
872 721 724 727 731 734 738 741 745 748 752
873 756 760 764 767 770 774 7 780 783 787
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Appendix E
Lake Mineral Wells
RESERVOIR CAPACITY TABLE : Water unavailable at and below elevation 857.8 feet

TEXAS WATER DEVELOPMENT BOARD October 2015 Survey
CAPACITY IN ACRE-FEET Conservation Pool Elevation 863.4 feet NGVD29
ELEVATION INCREMENT IS ONE TENTH FOOT
ELEVATION
in Feet 0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8
854 0 0 0 0 0 0 0 0 0
855 0 1 2 3 5 7 10 13 15
856 22 25 29 33 37 41 45 49 53
857 63 68 73 78 84 89 95 101 107

Note: Based on the 2014 aerial photographs and modeled contours, Lake Mineral Wells becomes two distinct water bodies at
approximately elevation 857.8 feet. This table represents the upper body of water that could be unavailable for downstream
diversion. The figure below shows the extent of the unavailable pool of water.
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