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4B.19 Control of Naturally Occurring Salinity
4B.19.1 Characterization of Salinity in the Brazos River
4B.19.1.1 Sources

Natural salt pollution has been recognized as the most serious and widespread water
guality problem in the Brazos River Basin. No other pollution source;maate or natural, has
had the impact of the natural salt sources located in the upper basin.vdioas the Brazos
River flows to the Gulf, inflows from tributaries decrease the concentration of dissolved minerals
and salts, which in turn improves the quality of water.

The primary sources of the natural salt pollution in the Brazos River Basinréne/est
of the City of Abilene, principally in the watersheds of the Salt and Double Mountain Forks of
the Brazos River, which are within the Brazos G Area (Fig&49.11).

A substantial part of the salt load in the Brazos River is contributed by CCotak and
Salt Croton Creek, according to various repdfts*>®’ The natural salt pollution producing
area is a serarid region of salt and gypsum encrusted hills and catigerstream valleys. The
area is studded with salt springs and seejpe highly erodible floodplain material in this region
is continually washed away as the streams cut their way down to rock or other impervious base.
This bedrock provides a cap over a brine aquifer that underlies this entire region of Texas and
parts of Akansas, Oklahoma, and Kansas. In areas where the erosion process has continued for
centuries, the streambed has spread out to form large flats. Wherever there is a joint of fracture
in the stream bedrock material, the highly mineralized water seeps sutface under artesian
pressure. Massive salt flats, often 400 to 500 acres in size, are formed by this process. Salt and

other minerals are also leached out of the adjacent floodplain material that surrounds the salt flats
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and streams. The BrazosvBi receives a tremendous salt load when local rainfall is sufficient

to dissolve the deposited salt and wash it out of the salt flats.
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Figure 4B.19.1-1. Salinity Control Study Area

4B.19.1.2 Quantification

Salinity in the Brazos River Basin is quaiif in terms of concentrations or loads of

total dissolved solids (TDS), chlorides (Cl), and sulfates,SCChlorides and sulfates are

primary constituents of th€DS measured in the Basin. The US Geological Survey (USGS)

conducted a water quality mooitng program in the Brazos River Basin during the 1964

through 1986 water years.
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statistical summaries of the salinity data collected at 26 of the 39 USGS water quality monitoring
stations havingnonthly data for at leag years during the monitoring period (TallB.19.21,
excerpted from Wurbs et. al. (1993)). The 26 gages were chosen based on their record durations
and their locations, which are mapped in FigdB19.12. This section highdghts data and
findings from the Ganze and Wurbs (1989) and Wurbs et. al. (1993) studies.

Table4B.19.12 is excerpted from Wurbs et. al. (1993) and provides the peficetord
mean discharges along with the TDS, ClI, and 8&ds and concentrationsthe 26 gages. The
Possum Kingdom and Whitney gages are located downstream of the respective reservoirs, and
the salinity concentration data from these gages provide an indication of the quality of the water
released from the reservoirs. TaB®.19.13, also excerpted from Wurbs et. al. (1993), lists the
mean discharges and TDS, CI, and, 8@ds at 12 of the 26 gages based on available data from
the 1964 through 1986 period. The table provides data from similar time periods to facilitate
comparisons.

The data in the Table$B8.19.22 and4B.19.13 indicate that much of the salinity in the
watershed originates above the Seymour gage. A decrease in concentration with distance down
the main stem of the Brazos is evident, as tributaries having lower salinity concentrations join the
main stem. Basedn the data in TabldB.19.13, the mean TDS load in the main stem at
Seymour for the 1964 through 1986 period was approximateds dfl the mean load at
Richmond, while the mean discharge at Seymour was only approximatétyo8.the mean
discharge at Rlamond.

Wurbs et. al. (1993) showed that salinity concentrations vary significantly over time.
Table 4B.19.24 lists concentration ranges at the Seymour and Richmond gages reported by
Wurbs et. al. (1993). Wurbs et. al. (1993) found that, of the main gégms at Seymour,
Possum Kingdom, Whitney, College Station, and Richmond, the Seymour gage showed the
greatest variability in monthly mean salinity concentrations over time and that streamflow
regulation by Possum Kingdom Lake, Lake Granbury, and Lakénéihdampen fluctuations in

salinity concentrations at downstream gages.
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Table 4B.19.1-1.

Selected USGS Streamflow Gaging and Water Quality Sampling Stations

Drainage Period Covered by Period Covered By

USGS Station Area Annual Data Monthly Data
Number Station Name (sq mile) (water year) (water year)
08080500 Double Mmr:?j:sggmgﬁ‘zos River 8,796 1049-51, 57-86 1964-86
08081000 Salt Fork Brazos River Near Peacock 4,619 1950-51, 65-86 1965-86
08081200 Croton Creek Near Jayton 290 1962-86 1966-86
08081500 Salt Croton Creek near Aspermont 64 1969-77 1969-77
08082000 Salt Fork Brazos River near Aspermont 5,130 1949-51, 57-82 1964-82
08082180 North Croton Creek near Knox City 251 1966-86 1966-86
08082500 Brazos River at Seymour 15,538 1960-86 1964-86
08083240 Clear Fork Brazos River at Hawley 1,416 1968-79, 82-84 1968-79, 82-84
08085500 Clear Fork River at Fort Griffin 3,988 1950-51, 0676, 79, 1968-76, 79, 82-84
08086500 Hubbard Creek Near Breckenridge 1,089 1956-66, 68-75 1968-75
08087300 Clear Fork Brazos River at Eliasville 5,697 1962-82 1964-82
08088000 Brazos River near South Bend 22,673 1942-48, 78-81 1978-81
08088600 Brazos River at Moris Steppard Dam | 57,190 1942-86 1964-86
08090800 Brazos River near Dennis 25,237 1971-86 1971-86
08092600 Brazos River\‘;‘\}k‘\’i\t’:g‘ey Dam near 27,189 1949-86 1964-86
08093360 Aquilla Creek above Aquilla 255 1980-82 1980-82
08093500 Aquilla Creek near Aquilla 308 1968-81 1968-81
08098290 Brazos River near Highbank 30,436 1968-79, 81-86 1968-79, 81-86
08104500 Littler River near Little River 5,228 1965-73, 80-86 1965-73, 80-86
08106500 Little River at Cameron 7,065 1960-86 1964-86
08109500 Brazos River near College Station 39,599 1962-83 1967-83
08110000 Yegua Creek near Somerville 1,009 1962-66 1964-66
08110325 Navasota River Above Groesbeck 239 1968-86 1968-86
08111000 Navasota River near Bryan 1,454 1959-81 1964-81
08114000 Brazos River at Richmond 45,007 1946-86 1964-86
08116650 Brazos River near Rosharon 45,339 1969-80 1969-80

Source: Wurbs, R.A., A.S. Karama, |. Saleh, and C.K. GangeRi VidNmtBaslil
Water Resources Institute, 1993.
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Figure 4B.19.1-2. Selected USGS Water Quality Monitoring Stations
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Table 4B.19.1-2.

Mean Discharges, Loads, and Concentrations for Period-of-Record

Load Concentration
USGS Mean
Station Abbreviated Years of Discharge (tons/day) (mg/L)

Number Station Name Tributary Record (cfs) TDS Cl SO, TDS Cl SO,
Double

08080500 Aspermont Mountain 33 147 562 136 218 1,353 324 510
Fork

08081000 Peacock Salt Fork 24 43 680 334 83 5,317 2,585 657

08081200 Jayton %rr?;gl? 24 13 237 96 58 | 6,321 | 2,487 | 1,617

08081500 Aspermont Sa'ct:g;"kton 9 4 673 | 388 27 | 56,923 | 32,856 | 2,273

08082000 Aspermont Salt Fork 29 81 1,887 942 217 8,606 4,153 989
North

08082180 Knox City Croton 21 17 216 82 60 4,723 1,786 | 1,323
Creek

08082500 Seymour Main Stem 27 292 2,638 | 1,018 447 3,356 1,295 569

08083240 Hawley Clear Fork 15 46 235 51 94 1,893 411 759

08085500 Fort Griffin Clear Fork 15 151 3901 105 116 961 258 286

08086500 Breckenridge Hubbard 19 93 73 25 4 268 91 20
Creek

08087300 Eliasville Clear Fork 21 319 614 201 148 715 234 172

08088000 South Bend Main Stem 11 760 2,601 996 561 1,261 486 274

Possum .

08088600 Kingdom Main Stem 45 836 2,959 [ 1,127 636 1,299 493 279

08090800 Dennis Main Stem 19 892 3,103 | 1,205 622 1,291 501 259

08092600 Whitney Main Stem 38 1,376 3,174 | 1,120 633 856 302 171
. Aquilla

08093360 Aquilla Creek 3 55 35 2 10 236 14 69
. Aquilla

08093500 Aquilla Creek 14 147 102 6 29 257 14 73

08098290 Highbank Main Stem 18 2,530 4,154 | 1,287 772 609 189 113

08104500 Little River Little River 16 912 768 79 61 313 32 25

08106500 Cameron Little River 26 1,544 1,094 129 126 263 31 30

08109500 College Station Main Stem 22 4,364 5,315 | 1,379 944 452 117 80

08110000 Somerville Yegua 5 252 114 20 33 167 30| 48
Creek

08110325 Groesbeck N?q"if‘/se‘r’ta 19 161 56 9 6 131 22 13

08111000 Bryan N?q"if‘/se‘r’ta 23 600 232 61 38 144 38 23

08114000 Richmond Main Stem 41 6,545 6,140 | 1,431 | 1,020 351 81 58

08116650 Rosharon Main Stem 12 7,305 6,462 | 1,491 | 1,004 328 76 51

Source: Wurbs, R.A. A.S. Kar ama, . Saleh, and C. K.n Gahnez eB,r afzNast uRri avlg
Water Resources Institute, 1993.
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Table 4B.19.1-3.
Mean Discharges, Loads and Concentrations at Selected Stations for
Comparable Time Periods

Load Concentration
USGS _ Mean (tons/day) (mglL)
Station Abbreviated Years of Discharge
Number Station Name Tributary Record (cfs) TDS Cl S04 TDS Cl SO,
Double
08080500 Aspermont Mountain 1964-86 126 580 153 209 1,540 416 548
Fork
08081000 Peacock Salt Fork 1965-86 40 684 339 81 5,782 2,830 698
Croton
08081200 Jayton Creek 1964-86 13 225 93 53 6,391 2,541 1,591
08081500 Aspermont Sa'(t:rg:km” 1969-77 4 676 | 425 | 33 | 56,923 | 32,856 | 2,273
08082000 Aspermont Salt Fork 1964-82 60 1,660 | 1,094 | 219 | 12,407 | 6,066 | 1,235
North
08082180 Knox City Croton 1966-86 17 211 80 58 4,723 1,786 | 1,323
Creek
08082500 Seymour Main Stem 1964-86 269 2,601 | 1,074 | 504 3,591 1,482 696
Possum .
08088600 Kingdom Main Stem 1964-86 686 2,795 | 111 571 1,512 601 309
08092600 Whitney Main Stem 1964-86 1,230 3,075 | 1,134 591 928 342 178
08106500 Cameron Little River 1964-86 1,481 1,024 123 119 256 31 30
08109500 College Station Main Stem 1964-83 4,529 5,348 | 1,368 | 938 438 112 77
08114000 Richmond Main Stem 1964-86 6,868 6,267 | 1,466 | 1,030 339 79 56
Source: Wurbs, R.A., A.S. Kar ama, . Sal eh, and C. K. GangRiverBiaNa tnuy oa IT]
Water Resources Institute, 1993.

Table 4B.19.1-4.
Ranges in Monthly Mean Salinity Concentration for Water Years 1964 through 1986

Date of Date of
Minimum Minimum Maximum Maximum
Monthly Monthly Monthly Monthly
Mean Mean Mean Mean
Concen- Concen- Concen- Concen- Ratio of
Abbreviated Con- tration tration tration tration Maximum to
Station Name |  Tributary stituent (mg/L)! (mg/L)* (mg/L)* (mg/L)* Minimum
Seymour Main Stem TDS 618 Aug 1964 15,400 May 1984 24.92
Seymour Main Stem Cl 190 Jun 1975 7,740 May 1984 40.74
Seymour Main Stem SOy 112 Nov 1963 2,225 Mar 1976 19.87
Richmond Main Stem TDS 153 Nov 1984 978 Oct 1978 6.39
Richmond Main Stem Cl 28 Nov 1984 355 Oct 1978 12.68
Richmond Main Stem SOy 24 Dec 1965 185 Oct 1963 7.71
'Source: Wurbs, R. A. , A. S. Kar ama, I . Sal eh, and C. K. Ganze, AiNat u
Ri ver Basin, 0 Texas Water Resources |l nstitute, 1993.
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Based on arithmetic averages of the monthly mean concentrations for each month of the
year in the 1964 through 1986 analysis period, Wurbs et. al. (1993) also found that seasonal
fluctuations in salinity concentrations were greater at the Seymour gagat tih@ngages located
below the reservoirs. The month having the maximum average monthly mean concentrations of
all three salinity parameters at Seymour is February. T4BI£9.15 lists the range of the
arithmetic averages of the monthly mean conegioins at the Seymour, Whitney, and
Richmond gages. Of the three gages listed in T4Bl49.15, the variation is least at the
Whitney gage, which is likely due to the effects of the reservoir. With regard to trends over
time, Wurbset al. (1993) foundthat any trends or long term changes in salinity concentrations

are very small relative to the random variability in the data.

Table 4B.19.1-5.
Range of Arithmetic Averages of Monthly Mean Salinity Concentrations for
Each Month of the Year for Water Years 1964 through 1986

Month Month
Having Having
Minimum Minimum Maximum Maximum
Average Average Average Average
Monthly Monthly Monthly Monthly
Mean Mean Mean Mean
Concen- Concen- Concen- Concen- Ratio of
Abbreviated Con- tration tration tration tration Maximum to
Station Name |  Tributary stituent (mg/L)* (mg/L)* (mg/L)* (mg/L)* Minimum
Seymour Main Stem TDS 3,240 Sep 10,600 Feb 3.27
Seymour Main Stem Cl 1,310 Sep 4,650 Feb 3.55
Seymour Main Stem SO 701 Sep 1,620 Feb 231
Whitney Main Stem TDS 880 Jul 996 Jan 1.13
Whitney Main Stem Cl 321 Jul 374 Jan 1.17
Whitney Main Stem SOy 167 Jul 194 Dec 1.16
Richmond Main Stem TDS 335 May 546 Aug 1.63
Richmond Main Stem Cl 78 May 158 Aug 2.03
Richmond Main Stem SOy 55 May 95 Aug 1.73
'Source: Wurbs, R.A., AS.Kar ama, I . Sal eh, and C. K. Ganze, ANatur al Salt
Ri ver Basin, 0o Texas Water Resources Institute, 1993
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4B.19.1.3 Effects of Salinity on Usability of Water

TDS concentratiomuration curves at the Seymour, Possum Kingdom, Whitney, College
Station, and Richmond gages based on the 1964 through 1986 water year (1964 through 1983 for
the College Station gage) monthly mean data are plotted in Figigar£8.13 through4B.19.17.
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Comparison of the salinity concentration frequencies to requirements for municipal, agricultural,
and industrial use provide insighttanthe usability of the water in the Brazos without
desalination treatment.

The TCEQ secondary drinking water standard for TDS is 1n0§L. Figure4B.19.12
indicates that concentrations at the Seymour gage equaled or exceeded the TDS lin%i of 99.7
the study period months. Further downstream, below Possum Kingdom Lake and Lake Whitney,
concentrations equaled or exceeded the TDS limit in9%93ahd 40.00 of the months,
respectively. At College Station, concentrations equaled or exceeded the TDI8 Ru®t of
the months. Finally, at the Richmond gage, the downstreast gage in the study (92 river
miles above the Gulf of Mexico), concentrations remained less than the TDS limit.

Table 4B.19.16 provides permissible TDS limits for classes of iriig@atwater, as
presented by Fipp¥. The table shows that at TDS concentrations abover&fb, leaching is
recommended to flush accumulated salts below the active root zone. 4Bab%17 provides
irrigation water quality guidelines published by theéSUDepartment of Agriculture (USDA)
Natural Resources Conservation Service (NRCS). The NRCS guidelines indicate that irrigation
water can be used without restriction, or without expectation of related problems, if TDS
concentrations are below 4530g/L and that with concentrations ranging from 45Gg/L to
2,000, use is slightly to moderately restricted. Additional information on the effects of salinity
on the suitability of water for irrigation is provided by Hém.Assuming a desirable TDS
concentration Dless than 525ng/L for irrigation use, Figure€B.19.13 through4B.19.17
indicate that TDS levels in the Brazos River at the Seymour, Possum Kingdom, Whitney,
College Station, and Richmond gages equaled or exceeded the desirable level in 100%, 99.4%,

99.2%, 46.2%, and 26.0% of the months in the analysis period, respectively.

YFipps, G. #fAlrrigation Water Quality Standards and Sali
Research and Extension Center, April 2003.

“"Hem, J.D., fStudy and Interpretatioa Uhitae ShamesabGe
Survey Water Supply Paper 2254, Third Edition, 1989.
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Table 4B.19.1-6.
Permissible TDS Limits for Classes of Irrigation Water

TDS
Concentration
Classes of Water (mg/L) Comment
Class 1, Excellent 175
Class 2, Good 175-525
Glass 3, Permissible 525-1,400 Leaching needed if used.
Class 4, Doubtful 1,400-2,100 G_opd dralnage_needed and sensitive plants will have
difficulty obtaining stands.
Class 5, Unsuitable 2.100 Gppd dralnag.e.needed and sensitive plants will have
difficulty obtaining stands.
Source: Fipps, G., #fAlrrigation Water Quality Standards al
and Extension Center, April 2003.

Table 4B.19.1-7.
Irrigation Water Quality Guidelines

Degree of Restriction on Use TDS Concentration (mg/L)
None <450
Slight to Moderate 4507 2,000
Severe > 2,000
Source: Ayers, R.S., and D.W. Westcot, fiwater Quality for Agriculture,o Food
Nations, Irrigation and Drainage Paper No. 29, rev. 1, 1985, as cited in U.S. Department of Agriculture Natural Resources
Conservation Service. Part 623 National Engineer i ng Handbook, Chapter 2, Alrrigati

Water quality requirements for industrial usage vary widely depending upon the
industrial proces¥ A 625 mg/L TDS limit is assumed here. The limit is derived from a
desirable chloride ementration for water used in cooling towers of less thann2.. Based
on the USGS water quality datmean chloride concentration as a percentage of mean TDS
concentration in the Brazos River ranges from 23% at Richmond to 41% at Seymour. Using the
midpoint of this range, 32%, as a representative percentage of TDS that is chlorideng/R00
chloride limit equates to a 62%g/L TDS limit (200/.32 = 625). Figures4B.19.13 through
4B.19.17 indicate that TDS levels in Brazos at Seymour, Possum BmgalVhitney, College
Station, and Richmond gages equaled or exceeded this concentration in 100%, 98.7%, 95.6%,

25.4%, and 11.5% of the months in the analysis period, respectively.

12 |pid.
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4B.19.2 Description of Salinity Control Project

Three salinity control project options were studied in the 2001 Brazos G Regional Water
Plan. All three options included brine recovery well fields that penetrate the saline aquifer,
lowering the piezometric surface of the water table, thereby eliminbting springs and seeps
in the area. Option 1 involved disposal of the recovered brine in a deep well injection system.
Option 2 involved disposal of the brine Kiowa Peak Reservoinwhich would serve as a
permanent impoundment for the recovered bri@ption 3, which has evolved into the project
studied further herein, would convey the recovered brine to a brine utilization and management
complex (BUMC) where it would be converted into marketadmdium chloride NaCl) salt
products. Stonewall, Gara, and Kent Counties have formed a local government corporation
called the Salt Fork Water Quality (SFWQ) Corporation to work on advance planning for the
project in cooperation with the Brazos River Authority.

The currently proposed project configuratiesnshown in FigurdB.19.21. Key project
components are located in Kent and Stonewall counties and include three brine recovery well
fields, a brine conveyance pipeline, and the BUMC. The brine recovery well fields would be
located adjacent to salt spgm contributing flows to Salt Croton Creek (Dove Creek Salt/Flat
Panther Canyon Area), Croton Creek (Short Croton Salt Flat), and Salt Creek. Test wells have
been drilled in all three well fields. A test well at the Salt Creek field is currently pnaduc
brine that is being sold to Ox§ermian Corporatiof® Six-inch spur and Z&ch trunk lines
would convey the brine from the well fields to the BUMC, which would employ solar
evaporation ponds to recover the salt from solution. A total of approxyn@&ted miles of 12
inch line and 17.5 miles of-Bich line would be installed.The pipe material would be carbon
steel with epoxy coatingThree pump stations, located in the vicinity of the well fields, would
be included in the transmission system. TBEMC would be located in Kent County
approximately 16 miles southwest of Jayton and 29 miles north of Snyder. Costing and
environmental information are also included in the present evaluation for a rail spur running
along State Highway 208 from the BUMG the BNSF Railroad line in Snyder. The rail spur
would facilitate long distace shipping of salt productalthough the rail spur is preliminarily
evaluated herein, the associated initial capital costs and potential benefits of access to a broader
geogaphical market compared to trucking are still under consideration.

“Rodgers, R.W., ANatural Chloride Salt Pollution Contr ¢
Fork Water Quality District, Stonewall, Kent, and Gafounties, Texas, 2008.
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Figure 4B.19.2-1. Project Layout Map

Most of the brine pumped from the well fields would be evaporated to make salt. There

is a possibility that some fresh water could be condensedbgpraduct. Brine that is not

evaporated would be used in liquid form as “peund brine" for oil and gas operations. Sales

of salt and liquid brine would produce revenues to help cover annual costs.

As an alternative configuration of the proposed mjthe feasibility of using smaller

evaporation units closer to the recovery wells is being evaluated by the SFWQ Corporation. Salt

would be collected from these units and shipped by truck. A second variation of the project

would include, in addition tdhe previously described components, capturing brine in North

Croton Creek and piping it to a disposal reservoir in the Wichita River agihe U.S. Army

Cor ps

of Engineersd sal

nity

contr ol project

Truscott Brine Disposal Lake and project plans have included the Crowell Brine Lake. As

¥ Denny, K. and J. Dougherty, Verbal communication, September 2009.
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information for the two variations of the project has not been developed in comparable detail to

the components previously described, these variations are not evalutitedtierein.

4B.19.3 Evaluation of the Potential Effectiveness of the Salinity Control Project
4B.19.3.1 Modeling Approach

The approach to evaluating the potential effectiveness of the salinity control project
involved modeling TDS concentrations in tBeazos River Basin for the hydrologic, water use,
and reservoir operating policies of the 2060 Brazos G Water Availability Model (WAM). Model
simulations were developed to represent conditions with and without the salinity control project,
and the resultig TDS concentration frequency data were compared. Work by Wurbs and Lee

(2009)"° provided salinity input data used in the modeling.

4B.19.3.1.1 Brazos WAM WRAP-SALT Input File

Wurbs and Lee (2008) used the USGS 1961986 sampling data to develop a TDS
budget for the Brazos Basin. The budget provided estimates of TDS loads and concentrations
that Wurbs and Lee then applied in preparing an input file for the WA’ software.
WRAP-SALT is the shnity modeling component of the Water Rights Analysis Package
(WRAP)!®  The program computes loads and concentrations of conservative water quality
constituents based on scenarios of water use, reservoir operating policies, and salinity control
measures.The Brazos WAM is implemented with the WRAFM component of WRAP and
provides the water quantity data that are necessary for execution of \SRIAP. The Wurbs
and Lee (2009) input file is designed for use with the various versions of the Brazos WAM.

Tale 4B.19.31 provides a summary of the Wurbs and Lee (2009) TDS budget. Water
volumes, TDS loads, and TDS concentrations of inflows to the Brazos River system and losses
from the system are summarized in the table by their mean values over the 1964 11886g
water year period. The inflow values are summarized at five control points representing five

USGS gaging stations, and the losses are summarized at the three major main stem reservoirs

“Wurbs, R.A. and C. Lee, fSalinity Budget and WRAP Sali
System, 0 Texas Water ReporoNo.r3s2elsly2009st i tute Technical Re
16 [t

Ibid.

YWurbs, R.A, fSalinity Simulation with WRAP,0d Texas Wat
2009.

BWurbs, R.A, fiwater Rights Analysis Package (WRAP) Mod:¢
Resourcs Institute Technical Report No. 255, August 2008.
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(Possum Kingdom, Granbury, and Whitney). The losses repnesantal of salinity from the
system that is not associated with a particular water management practice.

Wurbs and Lee (2009) used the TDS budget in developing the AGRAF input file.
The 197,402 tons/month mean net TDS inflow less losses in #8b1€3-1 is the mean TDS
load of the river flows at the Richmond gage as entered in the WEBBAH input file. The
actual mean load at the Richmond gage (TdlBel9-3) for the 1964 through 1986 water year
period was approximately 6,800 tons/month less tharidhd entered into the model. Of this
difference, approximately 4,900 tons/month is accounted for by the change in reservoir storage,
and approximately 1,900 is accounted for by water supply diversions from Lake Granbury.
These loads are not subtractaat of the load entered into the input file because the software
computes the actual values of these loads for the water management strategies being modeled.

Components of the total Basin load are introduced at various locations throughout the
Basin in thesalinity simulation based on information provided by the Brazos WAM WRAP
SALT input file. The salinity computations are carried out from upstream to downstream. TDS
loads entering the system at the Seymour control point and inflow concentrationsyestt¢hnie
Cameron control point define upstream boundaries of the salinity simulation. These boundaries
are the loads and concentrations associated with total regulated flows at the Seymour and
Cameron control points, respectively. The Little River isléngest low salinity tributary of the
Brazos River. Although the Brazos WAM contains control points located upstream of the
boundaries and computes water quantities above these points, the salinity simulation does not
extend above the Seymour gage onBhezos River and the Cameron gage on the Little River.

In addition to defining the boundary conditions, the WRB#&LT input file defines the
TDS concentrations for incremental inflows that occur throughout the Basin below the
boundaries. The incremehtaflow concentrations are defined at several control points. These
concentrations are then automatically repeated by the model at all control points located above
the given control point until a control point is encountered for which a different inotaime
inflow concentration is defined. Thus, incremental inflow concentrations are applied to all

incremental inflows entering the model below the upstream boundaries.
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Table 4B.19.3-1.
TDS Budget Summary

Brazos Mean Mean
WAM USGS Volume Mean Load Concen-
Control Gage (acft / (tons / Mean Load tration
Location Point ID Number month) month) (percentage) (mgl/L)
Inflows Entering the River System
Brazos River at Seymour BRSE11 08082500 16,215 79,127 34.9 3,589
Brazos River at Morris
Sheppard Dam near SHGR26 08088600 33,153 31,828 14.1 706
Graford
Brazos River near
Whitney (Aquilla) Below BRAQ33 08092600/ 43,077 18,485 8.2 316
. 08093100
Whitney Dam
Little River at Cameron LRCA58 08106500 89,374 31,134 13.7 256
Brazos River at
Richmond BRRI70 08114000 251,443 65,956 29.1 193
Subtotal 432,262 226,530 100.0 385
Losses Leaving the Reservoir System
Lake Possum Kingdom 515531 2,383 19,331 66.4 5,966
Lake Granbury 515631 2,222 6,694 23.0 2,216
Lake Whitney 515731 2,233 3,103 10.6 1,022
Subtotal 6,838 29,128 100.0 3,140
Total Net Inflows Less Losses
Brazos River Basin 440,100 197,402 330
Total
Sour ce: Wur bs, R. A. and C. Lee, iSalinity Budget and
River/ Reservoir System,0 Texas Water Resources |Instit

Table4B.193-2 is excerpted from Wurbasnd Lee (2009) and lists the locations at which

TDS is input to the system, and describes how these inputs are defined. The Seymour boundary

consists of a series of TDS loads for each month of the simulation period. The loads are

combined in WRAPSALT with the WAM regulated flow output to compute the concentrations

at the boundary. The observed loads from the 1964 through 1986 dataset at the Seymour gage

are adopted for that time period in the input file. Because the Brazos WAM simulation period
extend from 1940 to 1997, loads were synthesized for the 1940 through 1939 and 1987 through

1997 periods. Wurbs and Lee (2009) synthesized the missing data by interpolating loads for the

Brazos WAM naturalized flows from the observed loads and flows in thé @#86ugh 1986
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dataset. This approach differs from simply developing a-thischarge regression equation

from the observed data and using that equation to compute the load for the given naturalized
flow. The approach used involves interpolating loadsnfithe observed loadischarge data

points after they have been ranked in order of increasing discharge. While these data do
generally show increasing load with increasing discharge, for a given pair of data points the
greater discharge point may not beasated with a larger load. Wurbs and Lee (2009) note that
compared to a regression equation, the interpolation method preserves some of the variability of
the observed dischardead data.

Table 4B.19.3-2.
TDS Data in WRAP-SALT Input File

Control Point ID Control Point Location Input File Data
BRSE11 Brazos River at Seymour Load series for total regulated flows
SHGR26 Brazos River at Morris Sheppard Concentration series for incremental inflows
Dam near Graford
Brazos River near Whitney . . . .
BRAQ33 (Aquilla) Below Whitney Dam Concentration series for incremental inflows
LRCA58 Little River at Cameron Constant 256 mg/L for total regulated flows
BRRI70 Brazos River at Richmond Concentration series for incremental inflows
BRGM73 Brazos River at Gulf of Mexico Constant 339 mg/L for incremental inflows

Source: Wurbs, R.A. and C. Lee, ASalinity Budget and
Ri ver/ Reservoir System, 0 Texas Water Resources I nstit

At the Cameron boundary, a constant TDS concentration ofr2fib is established for
regulated flows. This concentration is applied to the regulated flow at this control point in each
month of the simulation. The 25@&g/L value is equal to the 1964 through 1986 mean
concentration at the Cameron gage.

In addition to the two upstream boundaries, TDS inputs are defined at the Graford gage,
Whitney gage, Richmond gage, and at the Basin outlet at the Gulf of Mekie inputs at the
Graford, Whitney, and Richmond gages are defined with time series of TDS concentrations for
incremental inflows. The time series provide the incremental inflow concentrations for each
month of the simulation period. The series cdnsis the 1964 through 1986 observed
concentrations along with synthesized data for the remainder of the period. Similar to the
synthesized loads at the Seymour gage, concentrations of incremental inflows were synthesized

by linear interpolation of loadischarge datasets developed from the salinity budget.
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A constant incremental infloWDS concentration is defined at the basin outlet at the Gulf
of Mexico. This constant value is applied for all months of the simulation period and is equal to
the 1964 thragh 1986 mean concentration at the Richmond gage ahg3Q

The TDS budget summarized in TadlB.193-1 shows losses from the system that are
not associated with a particular water management practice. To account for these losses in the
WRAP-SALT simuhtions, the input file includes coding to reduce inflow loads to the Lake
Possum Kingdom, Granbury, and Whitney control points by 17.42%, 6.59%, and 3.00%
respectively. These losses are not repeated at any other control points.

The WRARSALT simulation rguires as input initial storage contents and TDS
concentrations for each reservoir located below the upstream boundaries. In both the Brazos
WAM and the salinity simulation, all reservoirs are assumed to be full at the beginning of the
simulation period. Possum Kingdom Lake, Lake Granbury, and Lake Whitney are assigned
initial TDS concentrations of 1,62@g/L, 1,302mg/L, and 1,062ng/L, respectively. These
values are the mean 1964 through 1986 TDS concentrations for each lake as computed in the
salinity budget. Reservoirs upstream of Posstinmgdom, Granbury, and Whitney are assigned
initial TDS concentrations of 80fhg/L, 400 mg/L, and 300mg/L respectively. Reservoirs
upstream of the Brazos River at the Gulf of Mexico and below Whitney are assigieddDS

concentrations of 25mg/L.

4B.19.3.1.2 Adaptation of Brazos WAM WRAP-SALT Input File to Salinity Control Project

Wurbs and Lee (2009) used WRAFALT with the input file described in the previous
section to assess the salinity reduction thatldvbe achieved by construction of salinity control
impoundments on Croton Creek, Salt Croton Creek, and North Croton Creek. The impoundment
project has been previously studied by the U.S. Army Corps of Engité&rsVurbs and Lee
(2009) modeled the impecof the impoundments by assuming that all flows and loads entering
the system above the impoundments would be removed. A similar approach was used in the
present study to assess the effects of the groundwater pumping salinity control project.

Table4B.19-10 provides a summary of loads and discharges at USGS gages in the upper
Brazos River Basin prepared by Wurbs and Lee (2009). Not all the gages listed in

YU.s. Army Corps of Engineers Fort Worth District, fNat
Texas, 0 ¥d973¢mes 1

PYy.s. Army Corps of Engi neer dSaltFodution Comool, Brazos Rives Basir, c t , fi B1
Texas, Design Memorandum No. 1, General PhdasBl1 an For mul ati on, 0 1983.
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Table 4B.1910 have complete water year 1964 through 1986 records. The table therefore
provides P69 through 1977 means that are based on measured data as well as 1964 through
1986 means that are based on records which were filled as necessary by regression analysis.

To model the affects of the salinity control impoundmem&jrbs and Lee (2009)
redued TDS loads at the Seymour gage in the WFESRRT input file using the information
provided in Table4B.1910. In doing so, the authors assuntbdt all discharges and loads
entering above the impoundments would be removed. The Seymour gage is thanupstre
boundary for the salinity calculations on the Brazos River and therefore it follows that the effects
of the impoundments, which lie upstream of this location, would be entered in the model at
Seymour. Wurbs and Lee (2009) reduced the naturalized fidiwmes by 12.7% and the TDS
loads by 41.8%, which are the 1962 through 1968 average volume and load contributions of the
impounded tributaries.

Figure4B.199 shows the location of the proposed brine recovery well fields in relation
to major brine springand USGS stream gages. Previous work has indicated that the proposed
brine recovery well system will reduce the TDS loads in the Brazos River above Possum
Kingdom Lake by 4196 If the Dove Creek Salt Flat / Panther Canyon Area well field
eliminated the DS load from Salt Croton Creek and the Short Croton Salt Flat well field
eliminated the TDS load from Croton Creek, an average of 901 tons per day would be eliminated
from the system, based on the 1964 through 1986 mean TDS loads4Bal®€0 and Figure
4B.199). The TDS load of Salt Creek is approximately 10% of the load of the Salt Fork of the
Brazos River near Peacotkor approximately 68 tons per day based on the 1964 through 1986
mean load at the gage near Peacock (T4Bl@93-3 and Figure4B.193-1). If the Salt Creek
well field eliminated this load, the total mean TDS load eliminated by the project would be
approximately 969 tons per day, which is approximately 37% of the 1964 through 1986 mean
load of the Brazos River at Seymour. This vadgeees reasonably well with the reported 41%
load reduction. A WRAFSALT input file representing conditions with the well fields in place
was therefore developed that includes a provision to multiply the TDS loads at the Seymour
boundary by a factor of 60 for a 40% reduction.

ZJames, W.P., fAWater Quality Improvement along the Br a:
District, Stonewall, Kentand Garza Counties, Texas, Ogéa Report, 2007.
2Rodgers, R.W., ANatural Chloride Salt Pollution Contr

Fork Water Quality District, Stonewall, Kent, and Garza Counties, Texas, 2008.
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Table 4B.19.3-3.
Flows and Loads in the Upper Brazos River Basin

Mean Mean
Mean Load Concen- | Mean Mean
USGS Flow (tons / tration Flow Load
USGS Gaging Station Gage ID (cfs) day) (mgl/L) (%) (%)
October 1968 through September 1977 (Water Year 1969 through 1977)
Salt Fork of Brazos River near Peacock 08081000 41 594 5,380 16.3 22.1
Croton Creek near Jayton 08081200 12 200 6,030 4.8 7.4
Salt Croton Creek near Aspermont 08081500 4 673 56,920 1.6 25.0
Salt Fork of Brazos River near Aspermont 08082000 63 1,548 9,090 25.1 57.5
North Croton Creek near Knox City 08082180 11 163 5,400 4.4 6.2
Brazos River at Seymour 08082500 251 2,693 3,980 100.0 100.0
October 1963 through September 1986 (Water Year 1964 through 1986)
Salt Fork of Brazos River near Peacock 08081000 40 684 5,780 14.9 26.3
Croton Creek near Jayton 08081200 13 225 6,540 4.8 8.7
Salt Croton Creek near Aspermont 08081500 5 676 54,560 1.9 26.0
Salt Fork of Brazos River near Aspermont 08082000 62 1,660 10,000 23.0 63.8
North Croton Creek near Knox City 08082180 17 211 4,720 6.3 8.1
Brazos River at Seymour 08082500 269 2,601 3,590 100.0 100.0
Source: Wurbs, R.A. and C. Lee, fiSalinity Budget and WRAP S
Texas Water Resources Institute Technical Report No. 352, July 2009.
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Figure 4B.19.3-1 Well Fields and TDS Loads

It has been proposed that a total groundwater pumping rate of 500 gallons per minute
(gpm) would effectively lower the piezometric surfame the brine aquifer such that the Dove
Creek Salt Flat / Panther Canyon Area springs will cease to*fldfthe other two well fields
were pumped at a similar rate, the total rate of groundwater pumping would be approximately
1% of the discharge of the Brazos River at Seymour. Given that a portion of this discharge
would be lost to natural process in thenonel between the springs and the Seymour gage, it was
assumed for modeling purposes that the flow removed by the well fields would constitute an
inconsequential fraction of the total discharge of the Brazos River at Seymour, and therefore the

discharge &Seymour was not reduced in the model. As further justification for this assumption,

ZJames,W.P, fChloride Concentration in the Possum Kingdom
Quality District, Stonewall, Kent, and Garza Counties, Texas, €ilgeReport, 2005 cited in Rodgers, R.W.,

ANat ur al Chloride SaltBiP@azdwutRionmerCobasion, d nptdpailUpgpefor
District, Stonewall, Kent, and Garza Counties, Texas, 2008.
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the well pumping rate required to sufficiently lower the water table would likely exceed the total
spring discharge. This would mean that the flow volume reductioneiupper Brazos River
due to the project would be less than the total well pumping rate.

Several assumptions are inherent in the modeling approach described above. The
approach assumes that the groundwater flows eliminated by the well fields providelythe o
salinity sources to the receiving creeks and that any salt stored in the system would be flushed
out within a finite time period. Previous wotty othershas indicated that significant
improvement in water quality of the Brazos River would occur withiree to five years of
implementation of the brine recovery well system, depending on the amount of rainfall that
occurs in the watershéd. It was also assumed that brine discharges from existing desalination
plants do not contribute a significant ambwh additional salinity to the system; desalination
discharges were therefore not explicitly modeled.

Two other assumptions in the approach are highlighted by Wurbs and Lee (2009). First,
the approach assumes that there are no natural salinity lossesngcbetween the sources and
the Seymour gage. Second, the WR3RLT program assumes that salinity load losses due to
flow volume losses in the channel are linearly proportional to the volume losses. Wurbs and Lee
(2009) note that underestimation otural load losses would tend to cause overestimation in the
effectiveness of salinity control measures.

The first assumption noted by Wurbs and Lee (2009) appears to be reasonable, as the sum
of the mean 1964 through 1986 TDS loads at the Double MouRtak of the Brazos River
near Aspermont (USGS gage 08080500), the Salt Fork of the Brazos River near Aspermont
(USGS Gage 08082000), and North Croton Creek near Knox City (USGS Gage 08082180) is
2,451 tons per day (580 tons per day plus 1,660 tons pgylagp11 tons per day from Tables
4B.193 and4B.1910), while the mean load at the Brazos River at Seymour (USGS Gage
08082500) is about 6% greater at 2,601 tons/day. If the load at Seymour were less than the sum
of the loads at these three gages, it ldae a clear indication that significant losses do occur.
With regard to the second assumption noted by Wurbs and Lee (2009), study of the relationship
between flow and salinity load losses is beyond the scope of this planning level study.

#“James, W.P., fAWater Quality Improvement along the Br a:
District, Stonewall, Kentand Garza Counties, Texas, O Report, 2007.
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4B.19.3.2 Comparison of Model-Predicted TDS Concentrations With and Without Salinity
Control Project

The WRARSALT input files representing conditions with and without the salinity
control project were executed with the 2060 version of the Brazos G WAM, which models
reervoirs at their projected year 2060 capacity. Tabl®493-4 and4B.193-5 and Figures
4B.193-10 through4B.193-7 summarize the results of the WRAFALT analysis at key
locations in the Brazos River Basin. The tables and figures provide concenttatiation
curves for regulated outflows from the Seymour, Bryan, and Richmond model control points and
reservoir storage concentrations at Possum Kingdom Lake, Lake Granbury, and Lake Whitney.
The concentratiowluration curves are based on the monthlgcemtration output for the 696
months of the 1940 through 1997 Brazos WAM simulation period.

Tables4B.193-4 and 4B.193-5 provide monthly mean TDS concentrations at each
location, computed as the arithmetic average of the concentrations for the 69&tismul
periods. The last row in TabkB.193-5 lists the percent reductions in the monthly mean
concentrations that result from the project. The reduction percentages show that the effects of
the project are most pronounced at the upstream model lieym@&ir), and diminish with
distance downstream. Wurbs and Lee (2009) explain that this is due to the effects of load losses
in the channel and reservoirs.The 40% reduction in mean TDS concentration at Seymour is
expected, as the load reduction at thant is established as a model boundary condition.
Reductions in mean concentrations of 29% to 24% are computed at the three reservoirs. Further
down the basin, the reduction in mean concentration decreases to 11% at Bryan and 9% at
Richmond.

Table4B.19.3-6 lists exceedence frequencies without and with the salinity control project
for the water quality limits discussed in Secti#d.191.3. The data are based on the meodel
predicted concentratieduration curves presented in TabléB.193-4 and 4B.193-5 and
Figures4B.193-2 through4B.193-7. The water quality limits are plotted in Figur#.19.32
through 4B.19.37 for comparison to the concentratidoration curves. The effects of the
project are demonstrated by the reduction in the percentagerdhs in which a water quality

limitis

®Wurbs, R.A. and C. Lee, fASalinity Budget and WRAP Sali
System, 0 Texas Water Resources Institute Technical Rep
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Table 4B.19.3-4.

Model-Predicted TDS Concentration-Duration Curves Without Project

Septembe010

Possum
Percent Kingdom Lake Lake
Equaled or Seymour Lake Granbury Whitney Bryan Richmond
Exceeded (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L)
0.01 19,603 4,324 24,290 2,998 2,028 2,124
0.05 19,603 4,324 24,290 2,998 2,028 2,124
0.1 19,603 4,324 24,290 2,998 2,028 2,124
0.2 18,998 3,959 17,635 2,779 1,995 2,117
0.5 17,045 3,364 6,146 2,232 1,896 1,973
1 14,952 3,333 4,427 1,862 1,823 1,718
2 13,948 3,228 3,378 1,668 1,718 1,473
5 12,485 2,669 2,659 1,542 1,439 1,164
10 11,259 2,427 2,213 1,337 1,164 895
15 10,458 2,236 1,991 1,234 1,011 750
20 9,723 2,121 1,820 1,165 882 660
30 8,140 2,020 1,592 1,036 716 544
40 7,225 1,899 1,438 975 586 439
50 6,044 1,776 1,316 906 468 346
60 4,948 1,662 1,158 841 320 290
70 4,083 1,532 991 778 216 234
80 2,984 1,328 795 712 164 189
85 2,606 1,213 613 653 145 160
20 2,112 1,015 300 590 110 134
95 1,566 719 0 472 78 104
98 601 364 0 199 45 72
99 0 163 0 70 23 44
99.5 0 27 0 2 10 27
99.8 0 0 0 0 5 2
99.9 0 0 0 0 3 0
99.95 0 0 0 0 1 0
99.99 0 0 0 0 0 0
100 0 0 0 0 0 0
Mean 6,398 1,751 1,374 936 551 449
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