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Study goals and background

• Hill Country portion of the 
Trinity Aquifer

• Map stratigraphy, water 
quality, aquifer parameters

• estimate aquifer salinity, 
brackish groundwater 
volumes

• full report and GIS data to 
be released next year
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Why map aquifer salinity?

• by 2070 groundwater desalination is projected to 
provide 156,897 acre-feet/year (2% of total supply)
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Typical BRACS study

• acquire data and process into BRACS 
database

• map stratigraphy

• assign aquifer codes

• clastic aquifers: map net sands

• estimate and map aquifer salinity

• produce groundwater volume 
estimates
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Salinity class
Total dissolved solids concentration 

(TDS, mg/L)

Fresh 0 < TDS < 1,000

Slightly saline 1,000 ≤ TDS < 3,000

Moderately saline 3,000 ≤ TDS < 10,000

Very saline 10,000 ≤ TDS < 35,000

Brine 35,000 ≤ TDS 

Winslow and Kister, 1956



How did we estimate salinity?
• Resistivity ratio method (Alger and Harrison, 1989)

• requires shallow (Rxo) and deep resistivity (Ro) tool

• requires mud filtrate resistivity (Rmf) measurement

• calculate water resistivity (Rw), convert  to 
conductivity (Cw), then use TDS-Cw relationship to 
convert to TDS (mg/L)
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New (to us) approach: TDS-Cw relationship

• established direct relationships of TDS and Cw

– no NaCl equivalents and ‘ct’ factor

– summed Ca2+, Mg2+, K+, Na+, Sr2+, SiO2, HCO3
-, CO3

2-, Cl-, SO4
2-, F-, NO3-

– full bicarbonate value

• NaCl equivalents do not capture effects of ion pairing and 
complexing

• fit data with linear or second-degree polynomial equations

• assumed WQ beyond our data control is increasingly NaCl 
dominated (synthetic data)
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Challenges: TDS-Cw relationship 
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All other labs Texas Department of Health• geographically distinct water 
populations?

• redox conditions?
• field sampling protocol?
• something else?

• analytical method

• ‘diluted conductance’ 

• disrupts ion pairing/complexing



Solution and Results: TDS-Cw relationships

• UG or LG; Cw ≤ 4,000 (Region A)

𝑇𝐷𝑆 = 9 ⋅ 10−5 ⋅ 𝐶𝑤
2 + 0.6622 ⋅ 𝐶𝑤 + 76.044

• UG, LG, HE, or CC; 4,000 < Cw ≤ 15,000 (Region B)

𝑇𝐷𝑆 = 0.5801 ⋅ 𝐶𝑤 + 1826.5

• UG, LG, HE, or CC; Cw > 15,000 (Region C)

𝑇𝐷𝑆 = 0.6644 ⋅ 𝐶𝑤 + 442.87
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• U.S.G.S. PHREEQC to calculate 
specific conductance

– sparse produced water samples

– some saline samples



Challenges: log-header Rmf values

• measurement quality 
from log header alone?

• Lowe and Dunlap 
(1986) – Rmf can be off 
by up to 40%

• logs prior to about the 
1960s do not 
commonly report Rmf
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Solution and Results: Rm-Rmf relationship

• added log run data to 
BRACS

• normalized to 75 degrees 
Fahrenheit

• performed linear 
regression of Rmf75 and 
Rm75

𝑅𝑚𝑓75 = 0.9157 ⋅ 𝑅𝑚75 − 0.1446
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Estimating TDS process summarized

11

1. Calculate corrected bottom hole 
temperature: TBH (corrected) = 162.8

2. Calculate Rmf if not provided: Rmf75 = 1.9
3. Select depth to analyze and read Ro and Rxo

from log: Ro = 0.8; Rxo = 8
4. Calculate Rmf at calculation depth using 

geothermal gradient calculated from 30-
year average surface temp and corrected 
bottom hole temp: Rmf_Tf = 1.03

5. Calculate Rw from Rmf and Rxo divided by Ro: 
Rw = 0.1

6. Convert Rw to Rw75: Rw75 = 0.19
7. Calculate Cw75 from Rw75: Cw75 = 52631.58
8. Convert Cw75 to TDS using formation and Cw

range equation: TDS = 35411



Estimating TDS process summarized
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1. Calculate corrected bottom hole 
temperature: TBH (corrected) = 162.8

2. Calculate Rmf if not provided: Rmf75 = 1.9
3. Select depth to analyze and read Ro and Rxo

from log: Ro = 0.8; Rxo = 8
4. Calculate Rmf at calculation depth using 

geothermal gradient calculated from 30-
year average surface temp and corrected 
bottom hole temp: Rmf_Tf = 1.03

5. Calculate Rw: Rw = 0.1
6. Convert Rw to Rw75: Rw75 = 0.19
7. Calculate Cw75 from Rw75: Cw75 = 52631.58
8. Convert Cw75 to TDS using formation and Cw

range equation: TDS = 35411
UG, LG, HE, or CC; Cw > 15,000

𝑇𝐷𝑆 = 0.6644 ⋅ 𝐶𝑤 + 442.87

𝑅𝑤 =
𝑅𝑜 ⋅ 𝑅𝑚𝑓_𝑇𝑓

𝑅𝑥𝑜



Lower Glen Rose limestone
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Conclusions

• direct TDS-Cw relationships more accurately estimate TDS

• PHREEQC can help expand measured water quality dataset by 
calculating Cw

• Estimating Rmf75 from Rm75 is useful for older geophysical logs

• Users should be critical of log-reported Rmf values when using the 
Alger-Harrison method

• Users should be critical of historical data

• More saline measured water quality samples (both value and range) 
will improve TDS-Cw relationships
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Questions?

Alysa Suydam, P.G.
Alysa.Suydam@twdb.texas.gov
512-936-9488

Evan Strickland, P.G.
Evan.Strickland@twdb.texas.gov
512-463-6929

Mark Robinson, P.G.
Mark.Robinson@twdb.texas.gov
512-463-7657
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